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Abstract

Sleep disturbances are present in approximately 65% of individuals with generalized anxiety
disorder (GAD). Although both Kundalini Yoga (KY) and cognitive behavioral therapy (CBT)

are effective treatment options for GAD, little is known about how these treatments compare

in improving sleep for GAD and what drives these changes. Accordingly, we examined the

effects of CBT, KY, and stress education (SE; an attention control condition) on subjective sleep
quality (as measured by the Pittsburgh Sleep Quality Index [PSQI] and Insomnia Severity Index
[IS1]) in a randomized controlled trial of 226 adults with GAD (M age = 33.37; 70% female;

79% White). We hypothesized that both CBT and KY would outperform SE in improving sleep
disturbances. Three potential mediators of sleep improvement (worry, mindfulness, perceived
stress) were also examined. In line with hypotheses, PSQI and ISI scores significantly improved
from pre- to post-treatment for all three treatment groups (p’s < .001, d’s > .97). However,
contrary to predictions, sleep changes were not significantly greater for CBT or KY compared

to SE. In mediation analyses, within-person deviations in worry, mindfulness, and stress each
significantly mediated the effect of time on sleep outcomes. Degree of change in sleep attributable
to worry (CBT>KY>SE) and perceived stress (CBT, KY>SE) was moderated by treatment group.
Personalized medicine as well as combined treatment approaches should be studied to help reduce
sleep difficulties for patients with GAD who do not respond.
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Anxiety; Sleep; Mechanisms; Cognitive Behavioral Therapy; Insomnia; Stress; Yoga

Generalized Anxiety Disorder (GAD) is a common anxiety disorder characterized by
excessive anxiety and worry about varied topics affecting 5.7% of Americans in their
lifetime (Ruscio et al., 2017). GAD is also associated with physical symptoms and is the
only anxiety disorder that includes sleep disturbance in its diagnostic criteria (e.g., difficulty
falling or staying asleep; American Psychiatric Association, 2013). Fifty to seventy percent
of patients with GAD endorse insomnia symptoms (i.e., persistent trouble falling asleep,
staying asleep, and/or poor quality sleep associated with significant distress or impairment;
American Psychiatric Association, 2013) that are as severe as their anxiety symptoms (e.g.,

J Sleep Res. Author manuscript; available in PMC 2025 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jacoby et al.

Page 3

Boland & Ross, 2015). Furthermore, sleep disturbances in GAD are associated with a
wide range of impairments (Bélanger et al., 2004; Brenes et al., 2009; Glidewell et al.,
2015), including impaired concentration and memory, decreased occupational functioning,
increased absenteeism, and increased use of medical services (Benz et al., 2020; Harvey
et al., 2009). Chronic insomnia may also be a risk factor for treatment relapse (Ohayon &
Roth, 2003). Therefore, the additive clinical effects of anxiety and sleep problems warrant
further exploration of treatment approaches that may address sleep in the context of GAD.

Cognitive-behavioral therapy (CBT) is the gold standard psychological treatment for anxiety
(e.g., J. K. Carpenter et al., 2018). Clinical trials of CBT for GAD and elevated worry have
shown positive effects on sleep (Belleville et al., 2010; Brenes et al., 2020; Bush et al.,
2012; Ramsawh et al., 2016). However, many trials have found insomnia to be a residual
symptom following anxiety disorder treatment (Glidewell et al., 2015), and the mechanisms
by which CBT for GAD improves sleep are not well understood. There is evidence that the
core symptom of GAD, pathological worry, may be a key mechanism in the development

of sleep problems (Akerstedt et al., 2007; Harvey et al., 2009). Elevated worry before bed

is consistently associated with sleep interference (e.g., lower sleep efficiency) in healthy
controls (e.g., Akerstedt et al., 2007; Brosschot et al., 2007). Moreover, pathological worries
about sleep (e.g., ruminative thoughts about the consequences of lost sleep, unrealistic
expectations about sleep) may contribute to the maintenance of insomnia (Cousineau et al.,
2016). Accordingly, the positive effects of CBT for GAD on sleep may be in part due to
targeting pathological worries (Belleville et al., 2010; Sanchez-Ortufio & Edinger, 2012),
although this has not yet been directly tested.

Complementary and integrative mind-body practices such as yoga are increasingly popular
interventions for GAD and anxiety (Belleville et al., 2010; Jeter et al., 2015; S&nchez-
Ortufio & Edinger, 2012). Yoga includes physical exercises, breath regulation, relaxation,
and meditation, which are believed to facilitate reductions in psychophysiological arousal
and increases in mindfulness (Hofmann et al., 2015; Hoge et al., 2013). There is also
evidence for improvements in sleep/insomnia with yoga and mindfulness practices (S. B.
S. Khalsa & Goldstein, 2021; Rusch et al., 2019; F. Wang et al., 2016; X. Wang et al.,
2019). However, there is limited research investigating whether mind body interventions
improve sleep among patients with GAD specifically (Hoge et al., 2013; M. K. Khalsa et
al., 2015; Vollestad et al., 2011). More research is also needed to clarify the mechanisms,
such as mindfulness, by which these interventions have their effect on sleep in GAD.
Research suggests that mindfulness likely improves insomnia symptoms due to reducing
hyperarousal as well as improving self-regulation of thought processes (Ong & Kalmbach,
2023) suggesting that mindfulness is a promising mechanism for further study.

In summary, although evidence supports the efficacy of CBT and mind-body interventions
for improving sleep among patients with GAD, there is a dearth of research directly
comparing these treatments and testing potential mechanisms. Accordingly, in this
secondary data analysis, we examined the efficacy of both group CBT and Kundalini
Yoga (KY), compared with a stress education (SE) attention control treatment (which
involves psychoeducation about the effects of stress on the body and addressing factors
that can alleviate stress), on subjective sleep quality among patients with GAD enrolled
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in a randomized controlled trial (RCT; Hofmann et al., 2015; Simon et al., 2021). We
hypothesized that scores on the Pittsburgh Sleep Quality Index (PSQI) and Insomnia
Severity Index (ISI) would significantly decrease from baseline to post-treatment (regardless
of intervention; Hypothesis 1A). We also examined whether these changes were moderated
by treatment group (CBT, KY, SE) and hypothesized that CBT and KY would both
outperform SE in improving sleep quality (CBT and KY > SE; Hypothesis 1B).

We additionally examined three potential mediators of sleep quality improvements (Aim

2) including worry and mindfulness, the previously mentioned targets of CBT and KY
respectively. We also examined general perceived stress as a non-specific mediator because
although the frequency of daily stressors did not differ between participants with insomnia
and those who reported satisfaction with their sleep, individuals with insomnia perceive
daily events to be more stressful (Morin et al., 2003), suggesting that sensitivity to

stress may contribute to sleep difficulties. We hypothesized that all three mediators

(worry, mindfulness, perceived stress) would be related to sleep quality outcomes (i.e.,

ISI and PSQI scores as a multivariate outcome) over and above the effects of the other
mediators (Hypothesis 2). In moderated mediation analyses (Aim 3), we also examined
whether mediated pathways were different across the three treatment groups, because some
treatments might be more effective at changing certain mediators. Specifically, we predicted
that CBT would change worry more than the other treatments (Hypothesis 3a) and that KY
would change mindfulness more than the other treatments (Hypothesis 3b).

Method

Participants

Participants (M=226; M age = 33.37; 70% female; 79% White; 12.4% Hispanic) with a
primary diagnosis of GAD as determined by the Structured Diagnostic Interview for DSM-
IV (SCID-1V; First et al., 2002) or the Anxiety Disorders Interview Schedule-5 (ADIS-5;
Brown & Barlow, 2014) were enrolled in a two-site RCT (Hofmann et al., 2015; Simon et
al., 2021). Participants were randomly assigned to 12 weeks of treatment in one of three
groups (2:2:1 ratio): CBT: n=290, KY: n=93; SE: n=43. Demographics of the sample
and primary study outcomes can be found in Simon et al. (2021). Institutional review board
approvals and written informed consent were obtained.

Inclusion criteria included adults with a primary diagnosis of GAD and a Clinical Global
Impression Scale-Severity (CGI-S; Guy, 1976) score of at least “Moderately ill” for GAD
symptom severity who were free of or on stable psychotropic medication. Exclusion criteria
included: (a) currently practicing mind-body techniques (e.g., yoga, meditation, Tai-Chi) or
enrolled in psychotherapy for GAD, (b) more than 5 yoga classes or CBT sessions in the last
3 years, (c) lifetime history of a psychotic, bipolar, or developmental disorder, (d) diagnosis
of posttraumatic stress disorder, substance use disorder, eating disorder, or organic mental
disorder within the past 6 months, (e) significant suicidal ideation or suicidal behaviors
within the past 6 months, (f) women who were pregnant, planning to become pregnant, or on
an unreliable form of birth control, (g) cognitive impairment, or (h) serious medical illness
or instability or history of head trauma. See Hofmann et al. (2015) for more details.
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The PSQI (Buysse et al., 1989) is a 19-item self-report measure that evaluates past month
sleep quality. The PSQI has seven sub-scores with items rated on a 4-point scale: (a)
subjective sleep quality (i.e., “For the past month, how would you rate your sleep quality
overall™), (b) sleep latency (i.e., how long it takes to fall asleep), (c) sleep duration (i.e.,
hours of actual sleep), (d) habitual sleep efficiency (i.e., ratio of number of hours slept
divided by number of hours spent in bed), (e) sleep disturbance (i.e., reasons for sleep
troubles; e.g., pain, trouble breathing, bad dreams), (f) use of sleep medications, and (g)
daytime dysfunction (i.e., trouble staying awake and maintaining enthusiasm for daily
activities). A global score ranging from 0 to 21 is calculated with higher scores indicating
greater sleep disturbance and poorer sleep quality. A cutoff of > 8 was established in clinical
populations for poor sleep quality (J. S. Carpenter & Andrykowski, 1998; Ibafiez del Prado
& Cruzado, 2020). The PSQI has been shown to have good test-retest reliability and validity
(Backhaus et al., 2002); a = .66 - .67 in the current study.

The ISl (Bastien et al., 2001) is a 7-item self-report measure of DSM-1V insomnia in the
past 2 weeks, which measures severity (e.g., difficulty falling and staying asleep), distress
(e.g., worry about sleep problems), and interference of sleep problems (e.g., self-perception
of interference with daily functioning). The ISI uses a 5-point Likert scale, total scores range
from 0-28, and higher scores represent more severe insomnia (cutoff = 10 indicate cases

of insomnia in community samples; Morin et al., 2011). The ISI has demonstrated good
reliability and validity (Bastien et al., 2001); a =.86-.88 in the current study.

The Penn State Worry Questionnaire-Past Week (PSWQ-PW, Stéber & Bittencourt,
1998) is a self-report measure of pathological worry severity over the past week. The
PSWQ-PW includes 15-items rated on a 7-point Likert scale from 0 (Never) to 6 (Almost
always, e.g., “My worries overwhelmed me”). Items worded in the positive direction are
reverse scored, with total scores from 0 to 90 (higher scores indicate greater worry severity).
The PSWQ-PW has good test-retest reliability and high internal consistency (Stober &
Bittencourt, 1998); a = .89 - .96 in the current study.

The Five-Facet Mindfulness Questionnaire (FFMQ); Baer et al., 2006) is a 39-item self-
report measure of five key components of mindfulness: (a) observing (e.g., “I pay attention
to sensation, such as the wind in my hair or sun on my face”), (b) describing (e.g., “I’m
good at finding words to describe my feelings”), (c) acting with awareness (e.g., “I find

it difficult to stay focused on what’s happening in the present”), (d) non-judging of inner
experience (e.g., “l make judgments about whether my thoughts are good or bad”), and (e)
non-reactivity to inner experience (e.g., “When | have distressing thoughts or images | am
able just to notice them without reacting™). Items are rated on a 5-point Likert scale from 1
(Never or rarely true) to 5 (Very often or always true); items worded in the negative direction
are reverse scored. The overall score ranges from 39 to 195 (higher scores indicate more
mindfulness). The five-factor structure has been validated in meditating and non-meditating
samples (Baer et al., 2008); a’s = .80-.92 in the current study.

The Perceived Stress Scale (PSS; Cohen et al., 1983) is a 10-item self-report measure of the
degree to which situations in one’s life are appraised as stressful over the last month (e.g.,
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“In the last month, how often have you found that you could not cope with all the things that
you had to do”). Items are rated on a 5-point Likert scale from 0 (Never) to 4 (Very often).
Items worded in the positive direction are reverse scored; total scores range from 0-40, with
higher scores indicating more perceived stress. The PSS has been shown to have adequate
internal and test-retest reliability (Cohen et al., 1983); a = .80-.89 in the current study.

Procedure

Participants were randomized to group CBT, KY, or SE for 12 consecutive weekly 60-
minute sessions and daily 20-minute homework practices between sessions. Each group type
was led by two trained instructors with 3—6 patients per group. The assessments in this
secondary analysis occurred at baseline and after week 12 of treatment.

Treatments.—Group CBT consisted of psychoeducation, cognitive restructuring,
progressive muscle relaxation, worry exposures, and in vivo exposure exercises (mindfulness
was not addressed). Group KY (as taught by Yogi Bhajan) included breathing techniques,
meditation, yoga theory, philosophy and psychology, physical postures/exercises, and deep
relaxation. Group SE received psychoeducation about the stress response, the negative stress
cycle, stress and health/illness, and the contribution of lifestyle behaviors such as caffeine
and alcohol intake. This included providing general psychoeducation about sleep physiology
(e.g., the stages of sleep), misconceptions about sleep, and sleep hygiene, but this was
neither prescriptive nor personalized. For additional details on the treatment manual, see
Hofmann et al. (2015).

Statistical Analysis

Our primary analyses included the full sample of study participants (regardless of whether
they scored above the clinical cutoff for insomnia). Sleep quality outcomes for Aim 1
(PSQI and ISI) were analyzed using multi-level modeling (MLM). The predictors were
Time (weeks from baseline), Treatment Group (dummy coded to represent comparisons
between CBT and SE and between KY and SE), and Time x Treatment Group. MLM
includes all participants who complete at least one assessment (all 226 participants in

the current study), regardless of other missing data. The MLMs had three levels: the

two repeated measurements of sleep quality were nested within participants, who were
nested within their treatment cohort. We followed with exploratory analyses to investigate
whether specific aspects of sleep disturbance were impacted differently by the treatments
by examining the seven PSQI subscales separately (correcting for multiple tests using the
Benjamini-Hochberg correction).

For Aims 2-3, we conducted a longitudinal moderated mediation analysis using MLM.
Since we had two separate, strongly correlated measures of sleep quality, we performed

a single multivariate mediation analysis (i.e., PSQI and ISI comprised the multivariate
outcome) using multivariate MLM (MMLM; Hox et al., 2018), rather than perform

a separate mediation analysis for each outcome. Instead of calculating the regression
coefficients to maximize the fit of the predictors to a single outcome (as in MLM), MMLM
maximizes the fit to both outcomes simultaneously, calculating the regression coefficients
to maximize the overall probability across both outcomes. So, the regression coefficients in
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MMLM will be similar to (but not exactly equal) the average of the regression coefficients if
the outcomes had been analyzed separately.

For the mediation analysis, we examined whether PSWQ, FFMQ, and/or PSS mediated the
effect of Time on the outcomes (See Figure 1). Measures were assessed at baseline and
week 12. We examined the within-person, longitudinal relations between the variables in
our model because between-person relations can be confounded by between-subjects 3™
variable confounds (L. Wang & Maxwell, 2015). The effect of Time on the mediators and
on the outcome inherently calculate the within-subjects changes in those variables from
baseline to post-treatment. Specifically, we followed L. Wang and Maxwell (2015) and
disaggregated each mediator into its between-subjects component (the average level of the
mediator over baseline and post), and its within-subjects component (the within-person
deviation for each mediator at each time point from its own mean; L. Wang & Maxwell,
2015). Both the within-person deviations of each mediator at each timepoint, and the
between-subjects mean on the mediator, were included in the model (see Figure 1). All

3 mediators were included in a single mediation model (see Supplement for more details).

The sleep quality outcomes were PSQI and ISI (as the multivariate outcome). The deviations
in each mediator at each timepoint was a time-varying predictor of outcome at each
timepoint and reflected the within-person relation between each mediator and the sleep
outcomes over time. Since the change over time in the different mediators may vary between
treatment groups (e.g., FFMQ may change more in KY than in SE), we allowed the

effect of Time on the mediators to be moderated by Treatment Group (dummy coded as
described in Aim 1). See Figure 1. The “a” paths in the mediation analysis were the effect

of Time (i.e., the change over time) on each mediator using MLM. The “b” paths estimated
the within-person relationships between the repeated measurements of the mediators (as
time-varying predictors) with the repeated measurements of the outcomes (L. Wang &
Maxwell, 2015) using MMLM (since we had a multivariate outcome). Mediated pathways
were tested for significance using the program RMediation (Tofighi & MacKinnon, 2011).
As an effect size measure of the mediated pathways, we report Py, which is the proportion
of the effect of Time on sleep quality that was mediated by each particular mediator
(Pm=a*b/c). In additional exploratory analyses (See Supplement) we also examined two
specific subscales of the FFMQ (acting with awareness and non-judging of inner experience)
as mediators because a previous meta-analysis demonstrated that these two FFMQ subscales
had the strongest relationships with affective symptoms (J. K. Carpenter et al., 2019).
Finally, to determine if our findings applied to the subset of participants reporting substantial
insomnia, we recalculated our analyses using the subgroup with an 1SI score > 10 at baseline
(See Supplement). Additional details for the statistical analytic plan can be found in the
Supplement.

Power Analyses.—Power analyses using the power analysis program RMASS? indicted
that, given the number of participants in each treatment at each time point, we have >.90
power to detect a medium effect size (Cohen’s = .50) difference between treatments on
sleep quality outcomes for this secondary analysis. For the mediation analysis, Fritz and
Mackinnon (2007) showed that sample sizes > 75 are sufficient to have power > .80 to detect
mediation when the mediated pathways were of “half-medium” effect size (p = .26).
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Preliminary analyses

Descriptive statistics for outcome and mediator measures by intervention group and
time point can be found in Table 1. Posttreatment assessments were completed by 155
participants (68.6%). As reported in the primary outcomes paper (Simon et al., 2021),
dropouts did not differ from completers on baseline characteristics.

Baseline Characteristics.—In the full sample, 47.6% (= 100) were above the clinical
cutoff of the PSQI at baseline (J. S. Carpenter & Andrykowski, 1998) and 63.7% (= 142)
were above the clinical cutoff on the ISI for insomnia (Morin et al., 2011). There were no
site differences in baseline PSQI levels ({212) = -0.97, p= .33, d= 0.13); one site had
worse baseline insomnia as measured by the I1SI (M= 13.60, SD=7.08 vs. M=11.84, SD
=5.93), {208) = -2.00, p=.046, d= 0.28). Additional baseline characteristics and baseline
correlations between mediators and outcomes can be found in the Supplement.

Aim 1: Impact of Treatment for GAD on Sleep Quality.

At post-treatment, 32.0% (7 = 48) were above the clinical cutoff of the PSQI and 41.3%
(n=64) were above the cutoff on the ISI for insomnia. PSQI scores decreased (improved)
across all three treatment groups from pre-treatment (estimated mean [SE]: 8.38 [0.12]) to
post-treatment (6.66 [0.15]) with a large effect size (6=—.14; 95% Cl=-.17 to -.11; £-9.03,
af=350, p<.001, ¢=0.97; Figure 2). The Time by Treatment Group interactions, testing
change over time in CBT vs. SE (p=.73) and change over time in KY vs. SE (p=.16), were
not significant, suggesting that the three treatment groups did not differentially improve
overall sleep quality as measured by the PSQI.

MLMs examining changes in the seven PSQI subscales showed that 4 subscales improved
significantly over time after correction for multiple tests using the Benjamini-Hochberg
adjustment: (a) subjective sleep quality, {184)=5.03, p<.001, ¢=0.74, (b) sleep latency,
#(168)=5.05, p<.001, ¢=0.78, (c) sleep duration, {167)=2.29, p=.02, ¢=0.35, and (d) daytime
dysfunction, {182)=4.84, p<.001, ¢=0.72. The other three subscales demonstrated false
discovery rates greater than .05: habitual sleep efficiency (p=.04, ¢=0.31), sleep disturbances
(0=.05, =0.30), and use of sleep medications (p=.10, ¢=0.26). There were no significant
Treatment Group x Time interactions (ps>0.05, ¢6<0.28).

ISI scores also decreased (i.e., improved) across the three treatment groups from pre
(12.71 [0.19]) to post (9.26 [0.23]) with a large effect size (6=—.29; 95% Cl=-.34 to
-.24; t=-11.40, df=376, p<.001, ¢=1.18; Figure 3). The Time by Group interactions
testing change in CBT vs. SE (p=.34) and change in KY vs. SE (p=.09) were not
significant, suggesting that the three treatment groups did not differentially improve
insomnia symptoms.

Aim 2: Mediation of Treatment Effects

MMLM analyses showed that, on average across treatment groups, the “a” paths from
Time to deviations in PSWQ, FFMQ, and PSS were all significant, indicating that all
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three mediators improved significantly over time (Figure 1). The “b” paths from deviations
in PSWQ and PSS to sleep quality outcomes were also significant, indicating that lower
PSWQ and PSS deviations (lower within-person worry and perceived stress) were related

to lower (better) scores on sleep quality outcomes within-subjects over time (Figure 1).
Higher FFMQ deviations (greater mindfulness) were marginally related to lower (better)
sleep quality (Figure 1). As a result, PSWQ, FFMQ, and PSS deviations were all significant
mediators of the effect of Time on sleep quality outcomes (PSWQ: a*6=.012, 95% ClI:
.0002-.023, p<.05, percent mediated [P;/]=32.4%; FFMQ: a*6=.007, 95% Cl: .001-.013,
p<.05, Py,=18.9%; PSS: a*b=.010, 95% CI: .002-.019, p<.05, Py,=27.0%). Thus, together
the 3 mediators accounted for over 78% of the total effect of time on sleep quality.

Aim 3: Moderated Mediation.

The changes in PSWQ and PSS (but not FFMQ) were moderated by Treatment Group.
PSWQ decreased significantly from pre- to post-treatment for all three treatments (Figure
1), but the decrease was: (a) greater in CBT than SE (difference=-.06; 95% CIl=-.09

to -.03, £=-3.76, d=310, p<.001, a=0.43), (b) greater in KY than SE (difference=—.04;
95% CI=-.07 to -.003, £-2.11, df=310, p=.035, ¢=0.24), and (c) greater in CBT than
KY (difference=-.03; 95% Cl=-.05 to —.0003, £-1.99, d/=310, p=.047, ¢=0.23). Hence,
PSWQ was a significant mediator of change in sleep quality in all three treatment groups,
but the change attributable to PSWQ was strongest in CBT (a*b=.015, 95% CIl=-.029 to
-.001, p<.05, Py;=40.5%), followed by KY (a*b=.012, 95% Cl=-.024 to -.01, p<.05, Py,
=32.3%), and then SE (a*b=.008, 95% Cl=-.017 to —.0001, p<.05, Py,;=21.6%).

PSS also decreased significantly from pre to post for all three treatments (Figure 1), but the
decrease was: (a) greater in CBT than SE (difference=-.06; 95% CI=-.10 to -.02, £=-3.00,
af=308, p<.001, ¢=0.34), and (b) greater in KY than SE (difference=-.05; 95% Cl=-.09

to -.01, £=-2.65, df=308, p=.009, ¢=0.30), but (c) not different in CBT vs. KY. Hence,
PSS was a significant mediator of change in sleep quality in all three treatment groups, but
the change attributable to PSS was strongest in CBT (a*b=.011, 95% CI=-.016 to -.007,
p<.05, Pry=29.7%) and KY (a*b=.011, 95% CI=-.015 to —-.008, p<.05, Py,;=29.6%) than
in SE (a*b=.006, 95% Cl=-.013 to —.001, p<.05, Py,= 16.2%). See the Supplement for
exploratory mediation analyses of two FFMQ subscales (non-judging and the acting with
awareness) as alternatives to the FFMQ total score as mediators of sleep quality outcomes.

Sensitivity Analyses

Sensitivity analyses using the subgroup of participants with an 1Sl score = 10 at baseline (7
=142, 62.8% of the full sample; Morin et al., 2011) were very similar to the results for the
full sample (See Supplement).

Discussion

The current secondary data analysis investigation directly compared the efficacy of two
group interventions for GAD (CBT and KY) versus an attention control group (SE) in
improving sleep quality. The sample reported high rates of insomnia (64%, as measured by
the 1SI), consistent with existing literature (Bélanger et al., 2004). In line with hypotheses,
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all three interventions, including the SE control, led to significant improvements in sleep
quality with large effect sizes. These findings are consistent with existing literature
demonstrating the efficacy of CBT (Belleville et al., 2010; Bush et al., 2012; Ramsawh

et al., 2016), mind-body interventions (e.g., Hoge et al., 2013; Vgllestad et al., 2011), and
SE (Hoge et al., 2013), for addressing sleep disturbance in GAD, and suggest that each
effectively improves co-occurring sleep difficulties in GAD. Nonetheless, there remained a
substantial percentage of patients (32-41%) who remained above the clinical cutoffs of our
sleep quality measures, indicating that more work is needed.

The SE control condition may have showed efficacy in improving sleep quality because
psychoeducation about sleep and sleep hygiene was taught in the curriculum. Sleep hygiene
includes behavioral and environmental recommendations intended to promote sleep and has
been associated with improvements in sleep quality (S. B. S. Khalsa & Goldstein, 2021;
O’Donnell & Driller, 2017). This information was provided in an educational format and
was not personalized to participants, nor were participants instructed to change their sleep
habits. And yet, while CBT and KY outperformed SE in decreasing symptoms of GAD
(Simon et al., 2021), the inclusion of sleep hygiene and other non-specific factors in the SE
curriculum may have contributed to similar improvements in sleep quality across the three
interventions.

When examining specific components of sleep quality (as measured by the PSQI),
subjective sleep quality, sleep latency, sleep duration, and daytime dysfunction due to sleep
disturbances were the components that specifically improved during treatment. Two past
trials examining CBT for GAD also showed improvements in subjective sleep quality

and sleep latency (Bush et al., 2012; Ramsawh et al., 2016), but these studies failed

to show improvements in sleep duration or daytime dysfunction. Sleep efficiency, sleep
disturbances (e.g., due to things like pain or trouble breathing), and frequency of use of sleep
medications did not improve significantly in the current study. However, at baseline, use

of sleep medications (24.8%) and certain sleep disturbances (e.g., being unable to breathe
comfortably, 25.1%) were not frequently reported, perhaps limiting the ability of these
aspects to improve.

In line with our mediation hypotheses, reductions in all three constructs, worry (P\=32.4%),
mindfulness (P\p=18.9%), and perceived stress (Pp=27.0%), mediated the effects of change
over time in sleep quality outcomes (Total Py;,=78.3%). In line with hypotheses, the amount
of change in sleep quality outcomes attributable to worry was greater in CBT than KY,
which was greater than SE. This is in line with findings suggesting that: (a) worry is a

key mechanism in the formation of sleep problems and pathological worries about sleep
maintain insomnia (Akerstedt et al., 2007; Cousineau et al., 2016; Harvey et al., 2009),

and (b) mindfulness meditation reduces emotional reactivity and ruminative thoughts which
contribute to poor sleep quality (Rusch et al., 2019). Contrary to hypotheses, changes in
FFMQ were not moderated by treatment group. We also found that the amount of change
attributable to perceived stress was greater in CBT and KY than in SE. Of note, the
mechanisms tested are all constructs related to negative affect, and the interventions have
overlapping components (e.g., relaxation in CBT, breathing and meditation in yoga) which
complicate the interpretation of our moderated mediation analyses.
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For patients whose sleep quality did not improve, an important next step would be to
continue to test integrative interventions such as Mindfulness Based Therapy for Insomnia
(Perini et al., 2021) that includes psychoeducation about sleep physiology and sleep
hygiene, targets worry beliefs about sleep via cognitive/mindfulness exercises, and addresses
perceived stress through meditation and yoga-based practices. Similarly, research has also
suggested that treatment of GAD with CBT enhanced with KY may improve sleep (M.

K. Khalsa et al., 2015). Thus, combined approaches are promising future directions for
addressing GAD and sleep comorbidities. Alternatively, meta-analytic findings show that
CBT for insomnia demonstrates a moderate effect on comorbid anxiety symptoms (ES=0.41;
Belleville et al., 2011); however, none of the studies included enrolled individuals with

GAD specifically which is a direction for future research. Finally, personalized medicine
approaches could determine which treatment approaches (e.g., CBT vs. KY) are best for
certain patients.

Although a strength of the current study is the longitudinal design, our mediational analyses
are correlational (e.g., we cannot infer that reductions in worry cause improvements in
sleep quality because we were not able to perform a meaningful time lagged analysis with
measures that were only assessed at baseline and post-treatment). Moreover, while we were
powered to detect medium effects in this secondary data analysis, smaller effect sizes may
have been missed. Another limitation was that sleep quality measures were not administered
mid-treatment, which limited our ability to look at more complex mediation models. The
relationship between anxiety and sleep disturbance is likely bidirectional (Glidewell et al.,
2015; Harvey et al., 2009), such that anxiety/worry may interfere with sleep but also lack
of sleep may lead to impaired mood regulation (Babson et al., 2009; Jansson-Fréjmark &
Lindblom, 2008). Thus, future studies should include multiple mid-treatment measures of
sleep quality in addition to the mediators in order to explore these relationships.

Additionally, the primary outcome measures used (ISI and PSQI) are both retrospective
self-report measures. Although these measures are common, daily diary or sleep logs are the
gold-standard self-report method for sleep quality outcome data (e.g., Halpern et al., 2014),
and a combination of these methods provides an excellent assessment of one’s sleep quality
(Harvey et al., 2009). Thus, future studies might utilize a daily diary method to obtain
information on sleep onset, number of awakenings, total time spent asleep, and subjective
sleep quality as it is likely that results from the current trial would have differed across
measurement types. Moreover, ecological momentary assessment (EMA) could assess how
the relationships between anxiety and sleep quality change pre/post treatment. Furthermore,
future studies should include objective measures of sleep disturbance such as actigraphy

or polysomnography to objectively capture sleep disturbance improvements via behavioral
interventions for GAD.

In conclusion, the present study sought to examine the differential efficacy of group CBT
and KY compared with a SE control for improving sleep quality in GAD and whether worry,
mindfulness, and/or perceived stress mediated the effects of treatment on sleep difficulties.
Findings suggest that each of these interventions are efficacious for improving sleep quality
in individuals with GAD, and that worry, mindfulness, and stress each significantly mediate
these effects. The amount of change in sleep outcomes attributable to worry (CBT>KY>SE)
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and perceived stress (CBT, KY>SE) was moderated by treatment group. Future treatment
studies should include intensive time series methods (e.g., daily sleep diaries, EMA) and
objective measures (e.g., actigraphy, polysomnography).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

PSWQ, FFMQ, and PSS as Mediators of the Change Over Time in the Multivariate Sleep

Outcome.
Note. CBT = Cognitive Behavioral Therapy; KY = Kundalini Yoga; SE = Stress

Education; FFMQ = Five-Facet Mindfulness Questionnaire; PSWQ-PW = Penn State Worry
Questionnaire-Past Week; PSS = Perceived Stress Scale; PSQI = Pittsburgh Sleep Quality
Index; ISI = Insomnia Severity Index. The mediator boxes in the model represent the two
separate components of each mediator: the mean level of the mediator across assessments,

and the deviations at each timepoint between the value of the mediator at that timepoint
and the mean level of the mediator for that participant. The path coefficients reported in

the figure are for the deviation component of that mediator, since the mean component of

the mediator may simply represent third variable confounds between participants. Paths i
bold are significant. The non-bolded path from Time to outcome was not significant. ***
p<.001, ** p< .01, * p<.05, * p<.1. The subscript “t” indicates that the variable was

n

measured repeatedly over time. Treatment Group was tested as a moderator of the change

in PSWQ, FFMQ, and PSS over time. Path coefficients that appear above the path line

represent the average change over time (per week) in the mediator across the three treatment
groups (indicated by the “AVG” superscript). Treatment Group was a significant moderator

of the effect of time on PSWQ and PSS, so the path coefficient for each treatment group
is presented below the path line, with superscripts for each group. Treatment group was

not a significant moderator of the change over time in FFMQ, so separate path coefficients

for each treatment group are not presented. Paths from the mean of each mediator to the
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outcome are not shown because they cannot mediate change over time given that they don’t
change over time.
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Figure 2.

Changes in PSQI Scores over Time by Treatment Group
Note. Figure depicts estimated marginal means (EMM) and standard errors (SEs). PSQI
= Pittsburgh Sleep Quality Index; CBT = Cognitive Behavioral Therapy; KY = Kundalini

Yoga; SE = Stress Education. We scaled the graph to clearly show the interaction (full PSQI

range 0-21; cut-off score >8 indicates poor sleep quality).
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Figure 3.

Changes in ISI Scores over Time by Treatment Group
Note. Figure depicts estimated marginal means (EMM) and standard errors (SEs). I1SI =

Insomnia Severity Index; CBT = Cognitive Behavioral Therapy; KY = Kundalini Yoga; SE
= Stress Education. We scaled the graph to clearly show the interaction (full I1SI range 0-28;

cut-off score = 15 indicates moderate insomnia).
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