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Abstract

Objective: Insomnia is known to exacerbate pain symptoms. The purpose of the present study 

was to compare the secondary effects of cognitive behavioral therapy for insomnia (CBT-I) against 

a novel treatment for insomnia called acceptance and behavioral changes for insomnia (ABC-I) 

among individuals with comorbid pain. Differences in the potential mechanisms through which 

these treatments impact pain were also examined.

Methods: Data consisted of a secondary analysis from a randomized comparative effectiveness 

trial of CBT-I and ABC-I among women veterans with insomnia and comorbid pain. Pain 
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outcomes, beliefs about sleep, and psychological flexibility were assessed at baseline, post-

treatment, and at three-months follow-up.

Results: At baseline, 93 women veterans reported comorbid insomnia and pain (mean age 

= 46.7; 33.3% Black, 24.7% Hispanic/Latina). Both CBT-I (n=48) and ABC-I (n=45) were 

associated with decreased pain intensity (p <.001, Cohen’s d = .41–.67) and pain interference (p 
<.001, Cohen’s d = .71–.77) at post-treatment and three-months follow-up, with results indicating 

that ABC-I was non-inferior to CBT-I for pain improvement. Both conditions were associated 

with greater psychological flexibility post-treatment, and CBT-I resulted in larger reductions in 

dysfunctional beliefs about sleep (p = .01, Cohen’s d = .59).

Conclusion: CBT-I and ABC-I both had positive secondary effects on pain with ABC-I being 

non-inferior to CBT-I with respect to its impact on pain. The mechanisms of change associated 

with these treatments may differ with CBT-I leading to greater reduction in dysfunctional beliefs. 

Hybrid treatments which incorporate an acceptance and commitment approach to both insomnia 

and pain warrant further examination.

Keywords

insomnia; pain; CBT; ACT; Women; veterans

Insomnia and pain are heavily intertwined, with over 50% of individuals with insomnia 

reporting persistent pain compared to only 19% of individuals without insomnia [1]. Co-

occurring insomnia and pain is not only common, but is associated with a range of adverse 

health consequences [2]. While there is evidence of a bi-directional relationship between 

sleep and pain, sleep has been identified as a stronger and more consistent predictor of pain 

than vice versa [3]. Given these considerations, treatments which confer beneficial effects 

for both conditions warrant further examination.

CBT-I and Pain

Cognitive behavioral therapy for insomnia (CBT-I) is well-established as the first-line 

treatment for insomnia [4,5]. This brief and structured treatment helps patients replace 

behaviors and cognitions that inadvertently perpetuate insomnia with strategies that 

improve sleep. A initial review of six randomized controlled trials (RCTs) examining 

CBT-I in patients with comorbid pain conditions found evidence of clinically meaningful 

improvements in insomnia symptoms, as well as partial support for improvements in pain 

functioning and intensity [6]. A more recent meta-analysis of fourteen RCTs of CBT-I found 

that, on average, 58% of participants with comorbid pain reported improvements in pain 

post-treatment [7].

A core component of CBT-I is cognitive restructuring, a skill that assists individuals 

in identifying and reframing dysfunctional thoughts and beliefs related to insomnia. 

Dysfunctional beliefs about sleep are a known predictor of poor pain outcomes [8] and 

are effectively reduced following CBT-I [9]. While cognitive restructuring in CBT-I is 

primarily focused on sleep-related thoughts, CBT-I has also been shown to decrease pain 

catastrophizing and reduce dysfunctional beliefs pertaining to the sleep-pain interaction 
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[10,11]. Decreases in dysfunctional beliefs therefore appear to have important implications 

for the management of pain.

ACT and Pain

While CBT-I is the first-line treatment for insomnia, both CBT and acceptance and 

commitment therapy (ACT) are evidence-based treatments for chronic pain. ACT uses 

mindfulness, acceptance, and cognitive de-fusion strategies to promote psychological 

flexibility, which refers to the ability to be in contact with the present moment and engage in 

behavior which aligns with one’s personal values [12]. Specifically, ACT teaches individuals 

to notice and accept difficult emotions and experience while encouraging engagement in 

valued activities. Studies suggest that ACT may be particularly relevant for the management 

of pain, with treatment resulting in improved psychological flexibility and pain acceptance 

[13]. Additionally, acceptance has been shown to be superior to cognitive restructuring as a 

pain tolerance strategy [14]. A possible mechanism for this difference might be that, when 

pain itself cannot be reduced, it may be challenging to “think differently” about it while 

developing psychological flexibility around how to live with pain symptoms may lead to 

more improvement in pain tolerance.

While CBT-I is a highly effective insomnia treatment, it does have some limitations, 

especially in populations with comorbid conditions. In particular, adherence to treatment 

recommendations is challenging and can attenuate treatment benefits [15,16]. Acceptance 

and Behavioral Changes for insomnia (ABC-I) is a novel ACT-informed treatment for 

insomnia which attempts to address these shortcomings of CBT-I by combining evidence-

based behavioral strategies to treat insomnia (e.g., stimulus control, sleep restriction, and 

sleep hygiene) with exercises from ACT [17]. Specifically, ACT exercises in ABC-I aim 

to increase adherence by promoting psychological flexibility such as increasing one’s 

willingness to face short-term discomfort during sleep restriction in order to pursue one’s 

values [17].

Empirical evidence for ABC-I is still in its infancy but appears to hold promise. For 

example, a small randomized controlled trial of a similar ACT-based insomnia treatment 

showed significant improvement in insomnia symptoms, sleep quality, and quality of life 

post-treatment; with gains in sleep quality maintained six months following treatment [18]. 

Moreover, follow-up interviews at study completion indicated that ACT-based exercises 

(e.g., acceptance exercises, committed action, and mindfulness) were among the most 

helpful strategies endorsed by participants. Another small single-arm pilot study of an 

ACT-based treatment for insomnia that incorporated behavioral sleep strategies displayed 

reductions in both insomnia and pain disability post-treatment [19]. While it is currently 

unknown whether the secondary effects of ABC-I on pain compare favorably to those 

of CBT-I, evidence supporting the effects of behavioral strategies for insomnia on pain, 

combined with research highlighting the benefit of ACT-based strategies for pain, suggest 

that ABC-I warrants further examination.

Psychological flexibility is believed to be a central mechanism of change for ACT-based 

treatments [20]. Existing research suggests that psychological flexibility is associated with 
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better sleep among individuals with comorbid pain and insomnia, and may act as a buffer 

against pain itself [21,22]. In fact, improvements in psychological flexibility have been 

shown to be a stronger predictor of functional improvements in pain compared to traditional 

pain coping skills such as activity pacing or use of relaxation skills [23]. While ABC-I draws 

upon ACT-based strategies which seeks to promote psychological flexibility, it unknown 

whether psychological flexibility acts as a mechanism through which ABC-I might improve 

pain symptoms.

Present Study

Given the aforementioned considerations, the first aim of the present study was to compare 

the secondary effects of ABC-I and CBT-I on pain outcomes among individuals with 

insomnia disorder who also endorsed chronic pain. In order to examine this aim, we used 

data from a recently completed randomized comparative effectiveness trial which examined 

the relative effects of CBT-I and ABC-I among women veterans with insomnia [24]. In the 

current study, it was hypothesized that ABC-I would be non-inferior to CBT-I with respect 

to its impact on pain outcomes among the participants who also endorsed chronic pain. 

Given the known improvements in sleep associated with both treatment conditions [24], 

the second aim of the study was to assess whether the mechanisms through which CBT-I 

and ABC-I confer positive effects on pain varies by treatment group. Dysfunctional beliefs 

about sleep were hypothesized to mediate the association between treatment group and pain 

for participants in the CBT-I condition while psychological flexibility was hypothesized to 

mediate the association between treatment group and pain for participants in the ABC-I 

condition.

Methods

Participants

Participants included in the present study were drawn from a larger randomized controlled 

trial comparing CBT-I to ABC-I among women veterans with insomnia (NCT02076165). 

Both treatments were associated with improved sleep immediately post-treatment and at 

3-month post-treatment follow-up with ABC-I demonstrating similar levels of effectiveness 

compared to CBT-I [24]. A detailed CONSORT flow diagram was previously published 

[24].

Participants from the parent study were recruited using a multiple-step process. First, women 

veterans who received outpatient care from a large urban healthcare system within the 

past six months were invited to participate in a postal screening survey about insomnia. 

Veterans who endorsed symptoms of insomnia, operationalized as symptoms of poor sleep 

with daytime consequences at least three days per week over the past three months, were 

subsequently assessed for further eligibility. Details of this postal survey are published 

elsewhere [25]. Veterans with unstable housing, lack of transportation, severe mental health 

conditions, untreated severe sleep apnea were excluded from the study. Detailed descriptions 

of the recruitment process are available elsewhere [26,27]. To be included in the secondary 

data analysis, participants needed to meet the aforementioned study criteria and endorse 
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comorbid pain operationalized as a score of one or greater on the Brief Pain Inventory at 

baseline. Ultimately, 93 women veterans met criteria and are included here.

Procedure

The parent study was approved by the Institutional Review Board at the VA Greater 

Los Angeles Healthcare System. Participants who met initial eligibility criteria completed 

baseline assessments of their sleep, physical health, and mental health. Stratified random 

assignment, based on participants’ average reported sleep duration (≥6 hours vs. <6 

hours) was used to balance the severity of sleep problems in each treatment group. 

Participants completed comprehensive assessments of their sleep, physical, and mental 

health immediately following the five-week intervention (post-treatment), as well as three 

months after completing the intervention (three-month follow-up).

Measures

Pain.—Participants’ pain symptoms were measured using the Brief Pain Inventory (BPI) 

[28]. Pain intensity on the BPI was measured using the mean of four questions rated on an 

11-point Likert scale from 0 (no pain) to 10 (pain as bad as you can imagine). The pain 

interference subscale of the BPI measures how much pain impairs seven daily activities over 

the past week. Each item is rated on an 11-point Likert scale from 0 (does not interfere) to 

10 (completely interferes). Total pain interference is calculated using the average of these 

seven items.

Selected items from the Comorbidity Index were used to identify participants with pre-

existing chronic pain conditions [29]. Specifically, the index inquires about the presence 

or absence of 30 common physical conditions and 6 common mental health conditions. 

The index also queries about the presence of three pain conditions including chronic back 

pain, arthritis, and chronic headaches. These three conditions are among the most prevalent 

chronic pain conditions reported by women [30,31].

Sleep.—Participants’ sleep quality was assessed using the Pittsburgh Sleep Quality Index 

(PSQI) [32]. The PSQI consists of 19 items that captures seven sleep domains and produces 

total score ranging from 0 to 21 with higher scores representing poorer sleep quality. In 

addition to the PSQI, the Insomnia Severity Index (ISI) was used to measure symptoms of 

insomnia [33]. The ISI consists of seven items and produces a total score ranging from 0 to 

28. Higher scores on the ISI indicate greater symptoms of insomnia.

Mental Health.—Anxiety, depression, and PTSD symptoms were assessed via the 

Generalized Anxiety Disorder-7 (GAD-7), Patient Health Questionnaire-9 (PHQ-9), and the 

PTSD Checklist for DSM-5 (PCL-5), respectively [34–36]. The GAD-7 consists of seven 

items rated on 4-point Likert scale ranging from 0 (not at all) to 3 (nearly every day). Total 

scores range from 0 to 21 with higher scores corresponding with greater anxiety. The PHQ-9 

consists of 9 items rated on the same Likert scale and produces a total score ranging from 

0 to 27. Finally, veterans who endorsed exposure to trauma completed the PCL-5, a 20-item 

questionnaire that assesses for DSM-5 symptoms of PTSD. Items are rated on a five-point 
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Likert scale ranging from 0 (not at all) to 4 (extremely). Scores greater than 31 are indicative 

of probable PTSD.

Dysfunctional Beliefs about Sleep.—Negative or unrealistic beliefs about sleep were 

assessed using the Dysfunctional Beliefs About Sleep–10 item scale (DBAS-10) [37] Items 

are rated on a visual analog scale from 0 (strongly disagree) to 10 (strongly agree). The sum 

score across all items was used to calculate a respondent’s total score on the DBAS, with 

higher scores representing greater dysfunctional beliefs about sleep.

Psychological Flexibility.—Psychological flexibility was assessed using the Acceptance 

and Action Questionnaire-II (AAQ-II) [38]. The measure consists of 7-items related to 

psychological flexibility as conceptualized by ACT. Each item is rated on a 7-point Likert 

scale from 1 (never true) to 7 (always true). Total scores range from 7 to 49, with lower 

scores indicating greater psychological flexibility.

Intervention Overview

Both arms of the intervention consisted of five, 60-minute, weekly individual sessions led 

by a trained study interventionist. Each treatment condition included behavioral strategies 

for insomnia (i.e., sleep restriction, stimulus control, and sleep hygiene) and required 

participants to complete a daily sleep diary.

CBT-I.—Session 1 of CBT-I focused on providing psychoeducation about sleep (3P model), 

introducing stimulus control, and reviewing proper sleep hygiene habits. Session 2 provided 

a rationale for sleep restriction, reviewed participants’ sleep diaries, and developed a sleep 

restriction action plan. During session 3, participants’ sleep diaries were reviewed and 

time in bed was adjusted. The usefulness of sleep-related cognitions was discussed and 

participants were asked to create positive coping cards. Session 4 focused on addressing 

obstacles to progress and using cognitive strategies, such as cognitive restructuring, to 

address issues related to treatment adherence. Finally, session 5 focused on relapse 

prevention strategies and consolidating treatment gains.

ABC-I.—ABC-I treatment sessions covered the same general topics but infused sessions 

with ACT-based strategies. The first session provided psychoeducation about sleep (3P 

model), introduced stimulus control, reviewed sleep hygiene practices, and used ACT-based 

metaphors to enhance participants’ motivation for behavioral prescriptions. Session 2 

provided a rationale for sleep restriction, emphasizing the benefit of short-term discomfort 

versus long-term benefit using ACT metaphors. Participants were asked to implement 

the sleep restriction schedule while continuing to complete a daily sleep diary. Session 

3 focused on introducing additional ACT-based concepts to assist patients in managing 

insomnia symptoms (e.g., cognitive defusion, dirty vs. clean discomfort). During session 

4, time in bed was adjusted according to participants’ sleep diaries and participants were 

encouraged to view and manage obstacles through an ACT-based lens. Finally, session 5 was 

dedicated to reviewing relapse prevention strategies.
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Data Analyses

Participants who endorsed pain as measured by the BPI at baseline were included in the 

current analyses. All analyses were completed using SPSS version 27 [39]. Pain intensity 

and pain interference were analyzed using a two by three factorial mixed-effects model with 

a fixed intercept in which treatment group was a two-level between-subjects factor (CBT-I 

vs. ABC-I) and time was a three-level repeated-measures factor (baseline, post-treatment, 

and three-month follow-up). Mixed effects models conducted did not include specification 

of random effects. Using these mixed-effects models, average pain intensity and pain 

interference for each time point was calculated. In addition, differences in the average 

change of pain intensity and pain interference from baseline to each follow-up time point 

were calculated for the two treatment groups. Thus, the mixed-effects models allowed 

for the examination of both group differences, as well as the rate of change over time. 

Bonferroni-corrected post-hoc tests were conducted to examine differences in pain intensity 

and inference across different timepoints.

In order to determine whether changes in pain intensity and pain interference were the same 

between the two treatment groups, two non-inferiority tests, using the two one-sided tests 

(TOST) procedure [40], specifying an upper and lower equivalence bound based on the 

smallest effect size of interest for pain intensity and interference were estimated. Among 

11-point numerical pain rating scales, such as those contained within the BPI, a 2-point 

difference in pain has been identified as the minimally clinically important difference [41]. 

Thus, for the purposes of this study, the non-inferiority margin was defined as a mean 

difference in pain intensity or interference ±2. Specifically, non-inferiority was established 

if the 95% confidence interval of the difference between mean pain of the CBT-I group and 

mean pain of the ABC-I group was completely contained between the lower bound of the 

non-inferiority margin (i.e., −2) and zero.

In order to examine mechanisms which mediated the relationship between group assignment 

and pain outcomes, two mediational analyses using Model 4 in PROCESS macro v3.0 

were conducted in SPSS [42]. Group assignment (CBT-I vs. ABC-I) was entered as 

the independent variable, while dysfunctional beliefs about sleep and psychological 

flexibility at post-treatment only, as reported by the DBAS-10 and AAQ-II, were entered 

as parallel mediators. Pain intensity and pain interference at the three-month follow-up 

were included as the respective dependent variable for each model. Finally, two repeated-

measures ANOVAs were also conducted to examine changes in dysfunctional beliefs and 

psychological flexibility by treatment group. Once again, treatment group was included 

as a two-level between-subjects factor (CBT-I vs. ABC-I) while time was entered as a 

three-level repeated-measures factor (baseline, post-treatment, and three-month follow-up). 

Bonferroni-corrected post-hoc tests were conducted to examine differences in dysfunctional 

beliefs and psychological flexibility across different timepoints.

Little’s MCAR test was used to determine whether data were missing completely at 

random with respect to key variables including age, insomnia symptoms, pain intensity, 

pain interference, and mental health symptoms.
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Results

Descriptive Statistics

Ninety-three women endorsed pain at baseline and were randomized to receive CBT-I 

(n=48) or ABC-I (n=45). These participants were primarily middle-aged (M=46.7, SD=12.7) 

and college-educated (M education=16.5 years, SD=2.8). Participants were predominately 

White (40.9%) or African American (33.3%). Over half were working at least part-time 

(51.2%) and a third were married (34.10%). Of the 93 individuals included in this analysis, 5 

did not complete the post-treatment assessment (1 CBT-I; 4 ABC-I) and 7 did not complete 

the 3-month follow-up assessment (3 CBT-I; 4 ABC-I) because they could not be reached by 

telephone or mail (i.e., passive refusal to complete the study assessments).

Insomnia symptoms based on the ISI fell within the moderate range (M=15.2, SD=4.9). Pain 

scores were moderate with an average BPI intensity score of 4.9 (SD=1.8) and an average 

BPI interference score of 5.1 (SD=2.5). The majority of participants endorsed a history of 

chronic back pain (64.5%), arthritis (59.1%) or chronic headaches (51.2%). On average, 

participants endorsed having nearly six medical or psychological comorbidities. The average 

score on the PHQ-9 was consistent with moderate depressive symptoms while anxiety 

symptoms on the GAD-7 fell within the mild range. Approximately 43.5% of individuals 

endorsed PTSD symptoms that fell within the clinical range.

Of the 93 participants with pain who were randomized to receive either CBT-I or ABC-I, 

88 completed the post-intervention assessment and 86 completed the three-month follow-

up assessment. The number of participants within each group at each of the assessment 

periods is presented in Figure 1. Little’s MCAR test was non-significant, χ2=19.14, df 
=27, p=.87, suggesting that data were missing completely at random with respect to 

age, insomnia symptoms, pain intensity, pain interference, and mental health symptoms. 

Complete demographic and clinical data are presented in Table 1.

Pain Intensity by Treatment Group.—Results revealed a statistically significant main 

effect for time, F(2,78)=12.99 p<.001, η2=.14, but no main effect for treatment condition, 

F(1,79)=.02, p=.89, η2 <.001, nor for a treatment condition*time interaction, F(2,75)=.48, 

p=.62, η2=.01. Bonferroni-corrected post-hoc comparisons revealed significant differences 

in pain intensity between time 1 (baseline) and time 2 (follow-up) (p < .001, Cohen’s d 
= .67), as well as between time 1 and time 3 (three-month follow-up) (p=.001, Cohen’s 

d = .41), but no statistically significant differences between time 2 and 3 (p=.45). Thus, 

while pain intensity improved in the overall sample, there was no evidence to support 

treatment group differences with regards to pain intensity, nor was there evidence to support 

differences in the rate of pain intensity change by treatment group. As depicted in Figure 

2, mean differences in participants’ average level of pain intensity between treatment 

conditions at post-treatment and three-month follow-up are completely contained within 

the pre-established equivalence interval indicating that ABC-I is non-inferior to CBT-I with 

regards to its impact on pain intensity.

Pain Interference by Treatment Group.—Results from the repeated measures ANOVA 

once again revealed a statistically significant main effect for time, F(2,78)=24.70, p<.001, 
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η2=.24, but no effect for treatment condition, F(1,79)= .05, p=.82, η2=.001, nor for a 

treatment condition*time interaction, F(2,78)=.21, p=.81 η2=.003. Bonferroni-corrected 

post-hoc comparisons revealed significant reductions in pain interference between time 1 

and time 2 (p<.001, Cohen’s d = .77), as well as significant reductions between time 1 and 

time 3 (p<.001, Cohen’s d = .71) but no differences between time 2 and 3 (p=.98). Figure 

3 displays the average level of pain intensity and pain interference by treatment group over 

time. Differences in pain interference among the two treatment groups at post-treatment 

and three-month follow-up are completely contained within the pre-established equivalence 

interval indicating that ABC-I is non-inferior to CBT-I with respect to reductions in pain 

interference.

Psychological mechanisms linking insomnia treatments to pain outcomes.

A mediation analysis found no direct effect for treatment group on pain severity (c’: 

β=.09, p=.68). However, psychological factors indirectly mediated the relationship between 

treatment group and pain interference [a × b: β=−.24, CI: −.51, −.02). Treatment group 

indirectly impacted pain severity via dysfunctional beliefs about sleep [a1 × b1: β=−.24, 

CI: (−.52, −.03)] but not psychological flexibility [a2 × b2: β=−.001, CI: (−.08, .06)]. That 

is, relative to the ABC-I condition, the CBT-I condition was negatively associated with 

dysfunctional beliefs about sleep post-treatment (β=−.53, p<.05) and these beliefs were 

positively associated with pain severity at the three-month follow-up (β=.44, p≤.001).

Treatment group also did not predict pain interference at the three-month follow-up (c’: 

β=.23, p=.28). In contrast to pain intensity, there was no overall indirect relationship 

between treatment group and pain interference via overall psychological factors (a × 

b: β=−.22, CI: −.48, .01). However, the relationship between treatment group and pain 

interference was indirectly mediated by dysfunctional beliefs about sleep (a1 × b1: β=−.21 

CI: −.43, −.03) but not psychological flexibility (a2 × b2: β=−.01, CI:−.14, .08). Thus, once 

again, being assigned to the CBT-I condition was associated with decreased dysfunctional 

beliefs about sleep post-treatment (β=−.53, p<.05) and these beliefs were positively 

associated with pain interference at the three-month follow-up assessment (β=.38, p≤.001). 

Results of the aforementioned mediation analyses for pain intensity and interference are 

presented in Figure 4.

Two additional 2 × 2 repeated-measures ANOVAs were conducted to further elucidate 

changes in dysfunctional beliefs and psychological flexibility by treatment group. While 

the repeated-measures ANOVA examining changes in dysfunctional beliefs did not 

reveal a significant main effect for treatment group, F(1, 81)=1.20, p=.27, η2=.02, there 

was a significant main effect for time, F(1,81)=145.14, p< .001, η2=.64, as well as 

a time*treatment group interaction effect, F(1,81)=7.53, p=.01, η2=.09. Thus, although 

dysfunctional beliefs about sleep decreased over time as a whole, this change was stronger 

for participants receiving CBT-I. At post-treatment, participants in the CBT-I group reported 

statistically lower levels of dysfunctional beliefs about sleep compared to the ABC-I group, 

F(1, 82)=7.14, p=.01, Cohen’s d = .59.

The repeated-measures ANOVA examining changes in psychological flexibility by treatment 

group produced a significant main effect for time, F(1,81)=54.99, p<.001, η2=.40, but 
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no time*treatment group interaction effect, F(1,81)=.05, p=.83, η2=.001, nor any main 

effect for treatment group, F(1,81)=.34, p=.56, η2=.004. Pairwise comparisons revealed 

a significant increase in psychological flexibility from baseline to post-treatment for all 

participants (p<.001, Cohen’s d = .67) but there was no difference between the two groups 

at post-treatment (p=. 61). Changes in dysfunctional beliefs about sleep and psychological 

flexibility are presented as a figure in the supplemental materials.

Discussion

Consistent with our hypotheses, results from the present study suggest that both CBT-I and 

ABC-I were associated with small, but significant, decreases in pain over time with ABC-I 

being non-inferior to CBT-I with regards to its effect on pain intensity and interference 

among women veterans with comorbid insomnia and pain. Additionally, while CBT-I and 

ABC-I were both associated with greater psychological flexibility following treatment, 

participants assigned to the CBT-I condition reported greater decreases in dysfunctional 

beliefs about sleep than ABC-I.

Pain Outcomes and Treatment Non-Inferiority

The present findings contribute to existing knowledge in several important ways. Early 

research suggested that CBT-I was mostly associated with decreases in pain interference or 

improved functioning post-intervention [6]. However, coinciding with more recent studies 

[7], the current findings suggest that behavioral sleep interventions may also lead to small, 

but clinically meaningful, improvements in pain intensity post-intervention. Additionally, 

the current findings build on preliminary findings supporting the secondary effect of ABC-I 

on pain by suggesting that ABC-I may lead to similar pain outcomes as CBT-I, the gold-

standard behavioral intervention for insomnia. This finding is particularly noteworthy given 

that examinations of other non-pharmacological interventions for comorbid insomnia and 

pain, such as hydro-therapy, massage myofascial therapy, or manual therapy, have been 

limited and produced inconsistent effects [43–45]. By leveraging the proven behavioral 

components of CBT-I with ACT-based strategies and techniques, ABC-I may serve as a 

useful non-pharmacological treatment for individuals with comorbid pain and insomnia. 

Finally, the current findings extend our understanding of treatments that may be beneficial 

for women veterans – a growing and under-studied segment of the veteran population prone 

to high levels of morbidity [46].

Treatment Mechanisms

Decreases in dysfunctional beliefs about sleep following treatment is consistent with 

previous research which found that this construct mediates the impact of CBT-I on 

sleep outcomes [47,48]. The present study extends these findings by indicating that 

decreased dysfunctional beliefs about sleep might be one mechanism through which CBT-

I also improves pain. Though the cognitive techniques in CBT-I focus on challenging 

dysfunctional thoughts that interfere with sleep, it is possible that these techniques 

generalize to pain-related dysfunctional cognitions. Previous research lends support to this 

hypothesis, with evidence that CBT-I is associated with decreased pain catastrophizing – a 

common cognitive distortion associated with adverse pain outcomes [10]. Notably, cognitive 
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techniques contained within CBT-I are also a central part of other cognitive behavioral 

treatment frameworks, such as CBT for chronic pain.

While it may be tempting to believe that dysfunctional beliefs about sleep decreased in 

the CBT-I purely as a result of the cognitive restructuring skills introduced to patients, 

research suggests that these beliefs decrease even when patients only receive the behavioral 

component of CBT-I [49]. It is possible that the implementation of the various behavioral 

strategies indirectly challenged previously held beliefs about sleep, some of which were 

linked to pain symptoms. This process may also account for the small, but significant, 

decreases in dysfunctional beliefs observed among participants in the ABC-I condition.

Our finding that both treatment groups reported similar improvements in psychological 

flexibility post-treatment coincides with research indicating that, despite having different 

theoretical underpinnings, CBT and ACT may influence the same shared mechanisms [50]. 

For example, among patients receiving either CBT or ACT for anxiety or depression, 

decreases in dysfunctional thinking, cognitive defusion, and patients’ willingness to engage 

in activities despite the presence of unpleasant emotions were equivalent among both 

forms of treatment [51]. Given the strong association between psychological flexibility 

and mental health symptoms [52], improvements in mood commonly observed following 

treatment may also account for why the treatment groups did not differ with respect 

to their impact on psychological flexibility. Unfortunately, the lack of research directly 

comparing the effectiveness of ACT and CBT-based approaches to insomnia obscures 

our understanding of the unique and shared ways in which these treatments may impact 

hypothesized mechanisms.

This study also adds to the available evidence regarding providing comprehensive care for 

women veterans to address chronic pain. Studies show that women veterans with chronic 

pain use more healthcare services than men veterans with chronic pain [53], and that women 

may benefit from different types of treatment including yoga [54]. It may be possible to 

implement CBT-I or ABC-I into existing programs that assist women veterans with chronic 

pain conditions.

Limitations & Future Directions

The present study is not without limitations. First, the parent study was designed to recruit 

women veterans seeking treatment for insomnia. Additional research is needed to know 

whether the current results would generalize to women veterans with comorbid insomnia 

and pain who were actively recruited based on pain criteria. Relatedly, as the parent 

study was focused on sleep, we have limited information about pain-related factors such 

as whether participants viewed pain as a primary concern. Future studies are needed to 

explore the relative effects of CBT-I vs. ABC-I among individuals with specific chronic 

pain conditions. Other factors which are known to predict pain outcomes, including 

pain catastrophizing and pain acceptance, should also be examined as potential treatment 

mechanisms. Additionally, the current findings were limited to women veterans. Although 

this population is prone to comorbidity and has been historically overlooked by past 

research, further work is needed to examine whether the current findings extend to other 

populations. Despite these limitations, ABC-I appears to hold important secondary effects 
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on chronic pain and future research may benefit from exploring the effect of a hybrid ACT 

treatment targeting both insomnia and chronic pain.

Conclusions

Given the high prevalence of comorbidities among veterans, it is essential to prioritize 

interventions that provide symptom relief across different conditions. The present study 

provides valuable insights into treatments that may benefit individuals experiencing 

insomnia and comorbid pain. ABC-I was found to be non-inferior to CBT-I with respect to 

its impact on pain symptoms with psychological flexibility improving after both treatments 

while CBT-I was associated with greater reductions in dysfunctional beliefs about sleep. 

Future research should build on the present results by examining whether ACT interventions 

targeting both insomnia and pain lead to greater reduction in symptoms.
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Highlights

Women veterans are prone to both insomnia and pain.

Cognitive behavioral therapy for insomnia (CBT-I) can improve pain.

CBT-I was compared to Acceptance and Behavioral Changes for Insomnia (ABC-

I).

ABC-I combines behavioral sleep strategies with Acceptance and Commitment 

Therapy.

ABC-I was non-inferior to CBT-I with respect to its effect on pain outcomes.
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Figure 1. 
Flow diagram of the number of participants at each study assessment
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Figure 2. 
Non-inferiority tests for pain intensity and interference at post-treatment and three-month 

follow-up. Note. ABC-I is considered non-inferior to CBT-I with respect to pain interference 

if the 95% confidence interval is completely contained between zero and the lower bound of 

the clinical threshold (depicted as bold horizontal lines).
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Figure 3. 
BPI Pain Intensity and Interference by Treatment Group Across Time.
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Figure 4. 
Mediational analyses of treatment mechanisms. Notes. * p < .05, **p ≤ .01, ***p <.001. 

Treatment group was dummy coded as follows: CBT-I = 1, ABC-I = 0. Standardized 

coefficients for dichotomous variables are in partially standardized form. Total and specific 

indirect effects are not represented in the figure.
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Table 1.

Descriptive Statistics for Randomized Participants Endorsing Pain at Baseline

Total
(N = 93)

CBT-I
(N = 48)

ABC-I
(N = 45) Sig. Difference

Age 46.7 (12.7) 45.0 (12.5) 48.6 (12.7) NS

Race/Ethnicity

 African American 31 (33.3%) 21 (67.7%) 10 (32.3%) p = .03

 American Indian /Alaska Native 6 (6.4%) 0 (0%) 6 (100%) p = .01

 Asian 4 (4.3%) 2 (50.0%) 2 (50.0%) NS

 Hispanic 23 (24.7%) 11 (47.8%) 12 (52.2%) NS

 Native Hawaiian/Pacific Islander 2 (2.2%) 0 (0%) 2 (100%) NS

 Other 5 (5.4%) 1 (20.0%) 4 (80.0%) NS

 White 38 (40.9%) 15 (39.5%) 23 (60.5%) NS

Employment Status

 Employed for wages 43 (46.2%) 22 (51.2%) 21 (48.8%) NS

 Unable to work 11 (11.8%) 5 (45.4%) 6 (54.5%) NS

 Unemployed 3 (9.7%) 1 (33.3%) 2 (66.6%) NS

 Retired 15 (16.1%) 7 (46.7%) 8 (53.3%) NS

 Student 8 (8.6%) 6 (75.0%) 2 (25.0%) NS

 Homemaker 4 (4.3%) 2 (50.0%) 2 (50.0%) NS

Sleep

 PSQI Total Score 11.2 (3.7) 11.9 (3.7) 10.5 (3.6) NS

 ISI Total Score 15.2 (4.9) 16.0 (5.0) 14.4 (4.8) NS

Pain

 BPI-Pain Intensity 4.9 (1.8) 4.8 (1.8) 5.0 (1.8) NS

 BPI-Pain Interference 5.1 (2.5) 5.2 (2.5) 5.0 (2.6) NS

 Chronic Back Pain 60 (64.5%) 33 (55.0%) 27 (45.0%) NS

 Arthritis 55 (59.1%) 30 (54.5%) 25 (45.5%) NS

 Chronic Headaches 48 (51.2%) 23 (47.9%) 25 (52.1%) NS

Mental Health

 PHQ-9 10.7 (5.3) 10.81 (5.0) 10.6 (5.7) N S

 GAD-7 10.1 (5.7) 11.7 (5.1) 8.5 (5.9) p = .01

 PCL-5 27.7 (22.1) 28.7 (21.1) 26.7 (23.3) NS

General Health

 BMI 29.8 (11.2) 31.7 (14.3) 27.8 (6.1) N S

 Comorbidity Index Total 5.8 (2.9) 5.4 (2.8) 6.2 (3.0) NS

Treatment Mechanisms

 DBAS-10 63.2 (17.2) 64.2 (16.2) 62.3 (16.2) NS

 AAQ-II 25.8 (11.1) 25.0 (9.8) 26.6 (12.5) NS

Note. Age measured in years. Significance difference is between the CBT-I and ABC-I groups. NS = not significant. AAQ-II = Acceptance and 
Action Questionnaire-II, AHI = Apnea-Hypopnea Index, BPI = Brief Pain Inventory, BMI = Body Mass Index, DBAS-10 = Dysfunctional Beliefs 
about Sleep-10, ESS = Epworth Sleepiness Scale, GAD-7 = Generalized Anxiety Disorder-7, ISI = Insomnia Severity Index, PCL-5 = PTSD 
Checklist for the DSM-5, PHQ-9= Patient Health Questionnaire-9, PSQI = Pittsburgh Sleep Quality Index.
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