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Abstract

Introduction.—Depression increases during menopause, and subclinical depressive symptoms 

increase risk for major depression. Insomnia is common among postmenopausal women and 

increases depression-risk in this already-vulnerable population. Recent evidence supports the 

efficacy of cognitive-behavioral therapy for insomnia (CBTI) to treat menopausal insomnia, but it 

remains unclear whether treating insomnia also alleviates co-occurring depressive symptoms and 

depressogenic features. This trial tested whether CBTI improves depressive symptoms, 

maladaptive thinking, and somatic hyperarousal in postmenopausal women with insomnia, and 

whether sleep restriction therapy (SRT)—a single component of CBTI—is equally efficacious. 

Materials and methods. Single-site, randomized controlled trial. 117 postmenopausal women 

(56.34±5.41 years) with peri-or-postmenopausal onset of chronic insomnia were randomized to 3 

treatment conditions: sleep hygiene education control (SHE), SRT; and CBTI. Blinded 

assessments were performed at baseline, posttreatment, and 6-month follow-up.

Results.—CBTI produced moderate-to-large reductions in depressive symptoms, whereas SRT 

produced moderate reductions but not until 6 months posttreatment. Treatment effects on 

maladaptive thinking were mixed. CBTI and SRT both produced large improvements in 

dysfunctional beliefs about sleep, but weaker influences on presleep cognitive arousal, rumination, 

and worry. Presleep somatic arousal greatly improved in the CBTI group and moderately improved 
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in the SRT group. Improvements in depression, maladaptive thinking, and hyperarousal were 

linked to improved sleep. SHE produced no durable treatment effects.

Conclusions.—CBTI and SRT reduce depressive symptoms, dysfunctional beliefs about sleep, 

and presleep somatic hyperarousal in postmenopausal women, with CBTI producing superior 

results. Despite its cognitive emphasis, cognitive arousal did not respond strongly or durably to 

CBTI.
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Introduction

Risk for depression onset increases during menopause,1,2 and women experiencing 

menopausal symptoms report elevated levels of depressive symptoms.3 Insomnia symptoms 

are among the most common complaints during and after the menopause transition4–6 such 

that nearly half of postmenopausal women (43–48%) suffer from insomnia symptoms.4 

Critically, insomnia (both the disorder and subclinical symptoms) often triggers 

depression7–9 such that insomnia precedes >40% of incident depression cases in the general 

adult population.10 By extension, not only is menopause transition a window of vulnerability 

for depression onset,2 but women with menopausal insomnia are likely at even greater risk 

for depression owing to the added burden of poor sleep. It is therefore imperative to identify 

safe and efficacious treatments for menopause-related insomnia disorder that also alleviate 

co-occurring depressive symptoms and associated features, such as maladaptive thinking and 

somatic hyperarousal.

Menopause itself—via hormonal changes and related symptoms—disrupts sleep and 

increases risk for insomnia disorder.5,11 Recent evidence from randomized clinical trials 

(RCTs)—including the MSFlash trials and our own—show that nonpharmacological 

insomnia treatments substantially reduce insomnia symptoms in peri and postmenopausal 

women.12–14 Importantly, cognitive-behavioral therapy for insomnia (CBTI) and sleep 

restriction therapy (SRT; a brief nonpharmacological insomnia treatment comprised of a 

single component of CBTI15) delivered via face-to-face13 or telemedicine12 boast much 

larger reductions in menopause-related insomnia symptoms than hormone replacement 

therapy, antidepressant medication, yoga, and exercise.16 These data support CBTI and SRT 

as first-line treatments for menopausal insomnia.

Yet given the high comorbidity10,17 and even shared etiology18,19 between insomnia and 

depression, gold standard treatments for insomnia disorder related to menopause should also 

ideally alleviate co-occurring depressive symptoms and depressogenic behaviors in peri- and 

postmenopausal women at risk for depression. Indeed, antidepressant effects are touted as a 
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unique strength of nonpharmacological insomnia treatments as CBTI reduces concurrent 

depressive symptoms in insomnia patients.20–22 However, it remains unclear whether CBTI 

and SRT reduce depressive symptoms associated with menopause and menopause-related 

insomnia. Furthermore, to maximally target co-occurring depression and reduce risk for 

future depression, insomnia interventions would ideally also target depressogenic behaviors 

and features, like maladaptive thinking and somatic hyperarousal.

Individuals with insomnia are more burdened by faulty cognitive processing than good 

sleepers, as evidenced by greater cognitive arousal.23–27 Notably, multiple forms of 

cognitive arousal exist (e.g., rumination, worry), which growing data show to be similarly 

associated with depression.28–30 Importantly, we have shown that insomniacs who ruminate 

on stress (i.e., they are cognitively aroused) are at especially high risk for developing 

depression, even compared to individuals with insomnia or elevated cognitive arousal alone.
25 Further compounding disease-risk, insomniacs harbor dysfunctional beliefs about sleep 

(e.g., catastrophizing negative fallout of a poor night’s sleep).31 These dysfunctional beliefs 

are not only tied to insomnia,32,33 but also to depression and suicidal ideation.34,35 These 

unrealistic and harmful beliefs reflect negative cognitive content. Cognitive catalyst models 

of depression etiology show that faulty cognitive processing (cognitive arousal, often in the 

forms of worry and rumination) intensifies the impact of already-existing negative cognitive 

content (e.g., dysfunctional beliefs) to fuel depression.36–38 To illustrate: an insomniac who 

harbors negative cognitive schema about sleep and other areas and is prone to ruminating on 

these negative thoughts (e.g., ruminating on one’s inability to sleep or on trouble at work) is 

at high risk for developing depression. Thus, to maximally treat co-occurring depression and 

prevent future depression in peri- and postmenopausal women with insomnia disorder, 

cognitive-behavioral insomnia treatments should defuse depressogenic cognitive arousal and 

alter negative cognitive content. And, critically, as both cognitive arousal and dysfunctional 

sleep beliefs also fuel insomnia,23,32,33 targeting these cognitive phenomena may reduce risk 

for insomnia disorder relapse among remitters.

Other areas of hyperarousal also interfere with sleep. Nocturnal somatic hyperarousal (e.g., 

muscle tension) in bed presages poor sleep and is tied to reduced sleep efficiency and 

quality.39 Thus, insomniacs endorse more somatic hyperarousal than good sleepers, 

particularly in bed while trying to fall asleep.40 Indeed, hyperarousal is at the center of most 

prevailing etiological models of insomnia.41–44 Much like cognitive arousal, somatic 

arousal, even when considering only the presleep period, is also linked to depression thereby 

representing an independent but common factor linking insomnia and depression.45,46 By 

extension, insomnia treatments that decrease presleep somatic hyperarousal in alleviating 

insomnia may also produce improved immediate and long-term depression outcomes.

The primary goal of this RCT was to compare CBTI, SRT, and sleep hygiene education 

(SHE) minimal intervention control for the treatment of menopause-related sleep and 

daytime impairment outcomes.47 The insomnia findings of this RCT have been reported 

previously.13 The present study sought to determine whether CBTI and SRT reduce 

depressive symptoms, maladaptive thinking, and somatic hyperarousal in postmenopausal 

women with chronic insomnia as compared to SHE control. In clinical practice, 

postmenopausal women who present with major depression would likely receive a referral 
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for mental health treatment directly targeting depression. Thus, we investigated 

postmenopausal insomniacs with subclinical depressive symptoms in this RCT. This is 

crucial because patients with insomnia disorder and subclinical depressive symptoms may 

be less likely to receive depression-focused treatment, even though subclinical depressive 

symptoms substantially increase risk for developing future major depression.48 As 

insomniacs present with elevated depression symptoms, it is crucial for insomnia 

interventions to further reduce these depressive symptoms in addition to altering 

depressogenic cognitive processing and content and somatic hyperarousal to minimize future 

disease-risk. In this RCT, we specifically look at treatment effects on depressive symptoms, 

negative cognitive content (dysfunctional beliefs about sleep), cognitive arousal (presleep 

cognitive arousal, stress-related rumination, and worry), and presleep somatic hyperarousal. 

We hypothesized that patients receiving CBTI or SRT would report reductions in all 

outcomes as compared to patients receiving SHE after completing treatment and at 6-month 

follow-up. In addition, we anticipated that the additional components of CBTI (i.e., 

cognitive therapy, progressive muscle relaxation, stimulus control, and sleep hygiene) would 

add substantial value to treatment and produce larger and more durable effects than SRT for 

depressive symptoms and features.

Methods

Participants and Procedure

This study was conducted in a 6-hospital health system in the state of Michigan. Women 

were recruited from primary care and a sleep clinic, the community via newspaper 

advertisements, and from a database of prior sleep center studies. To be eligible, women 

must have been postmenopausal (12 consecutive months without menses), reported wake 

after sleep onset (wakefulness in the middle of the night after falling asleep) of an hour or 

more on ≥ 3 nights per week, and met criteria for DSM-5 insomnia disorder with onset or 

exacerbation during the peri- or postmenopausal period per clinical interview with a 

registered nurse with specialty training in behavioral sleep medicine. And as the sleep 

maintenance phenotype has been most closely tied to the menopause transition and 

symptoms,49,50 objective sleep disturbance had to be evident per mean wake after sleep 

onset of 45 minutes or more on 2 overnight polysomnography (PSG) studies (adaptation 

night + baseline night, neither of which could have wake after sleep onset < 30 minutes). 

Exclusionary criteria included DSM-5 major depression per diagnostic interview, severe 

psychiatric illness (e.g., schizophrenia, bipolar) per patient report, untreated or uncontrolled 

major medical illness (e.g., hypertension, diabetes) per patient report, sleep-wake disorders 

other than insomnia (examined on PSG adaptation night and per patient report [obstructive 

sleep apnea defined as apnea-hypopnea index ≥ 15, periodic limb movements defined as 

arousal frequency ≥ 15]). We also excluded women taking medications influencing sleep 

(prescription and non-prescription sleep aids, herbal supplements, and any antidepressants 

taken at night), although women receiving hormone therapy were permitted to participate. 

Women having hot flashes were eligible to participate in this RCT.

Refer to Figure 1 flow chart of study enrollment and participation. A total of 317 

postmenopausal women were screened for eligibility. Of these individuals, 107 women were 
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ineligible and another 56 declined to participate or had scheduling conflicts. Thus, 154 

postmenopausal women were randomized to 1 of 3 treatment conditions: Sleep hygiene 

education treatment as usual (SHE: N=50), (2) Sleep restriction therapy (SRT: N=52), or 

Cognitive-behavioral therapy for insomnia (CBTI: N=52). Two subjects in both the SRT and 

CBTI conditions were disqualified during treatment for changes in medication or new onset 

comorbid sleep disorder. These two allocations were replaced in random order by a research 

staff member not involved with this study, and recruitment included two more individuals to 

replace those who were disqualified. This resulted in 50 subjects completing treatment in 

each of the 3 conditions. While double-blind could not be achieved given the nature of the 

behavioral interventions, subjects were not informed which treatments were considered 

control versus active, or of the specific hypotheses. Assessments of sleep, depression, 

maladaptive thinking, and hyperarousal were collected prior to treatment, at posttreatment 

(within 2 weeks of completing treatment), and 6 months after treatment completion. Of the 

150 treatment completers, 122 women provided data for depressive symptoms at both 

posttreatment and 6-month follow-up (Figure 1).

Sleep hygiene education (SHE), i.e., minimal intervention control condition.—
Women randomized to the online sleep hygiene education condition received 6 weekly 

emails including general, non-personalized information on the following topics: the basics of 

endogenous sleep regulation; the impact of sleep on health problems such as obesity, 

diabetes, and hypertension; the effects of stimulants and other sleep-disruptive substances; 

the relationship between sleep, diet, and exercise; and tips on creating a sleep-conducive 

bedroom environment. Sleep hygiene is neither the primary cause nor a sufficient 

therapeutic target in insomnia disorder and therefore served as an ideal minimal intervention 

control condition and real-world comparator.47,51

Cognitive-behavioral therapy for insomnia (CBTI).—Women randomized to CBTI 

completed 6 face-to-face sleep therapy sessions with a registered nurse who specializes in 

behavioral sleep medicine. CBTI is a structured, multi-modal treatment that targets sleep-

disruptive behaviors and beliefs (see Perlis et al. 200652). Data from clinical trials 

consistently show that CBTI is as efficacious as pharmacological treatment in the short-term, 

but produces superior treatment response in the long-term.53,54 CBTI patients received 6 

weekly sessions, which covered behavioral (sleep restriction and stimulus control) and 

cognitive (e.g., cognitive restructuring) components, as well as relaxation strategies (e.g., 

progressive muscle relaxation and autogenic training) and sleep hygiene education. Fidelity 

monitoring for the nurse therapist included weekly supervision meetings with one of two 

licensed PhD clinical psychologists, both of whom are certified in behavioral sleep 

medicine. Supervision meetings included discussions of cases, problem-solving, and 

listening to and providing feedback based on recorded therapy session.

Sleep restriction therapy (SRT) is an effective standalone behavioral treatment for insomnia 

disorder.55 Although SRT actually predates CBTI, SRT is now commonly packaged as part 

of CBTI and is typically considered one of CBTI’s main active components. As CBTI 

consists of SRT plus multiple other components, SRT is the briefer of the two interventions. 

Here, SRT was delivered as a 2-week intervention. Specifically, the initial face-to-face 
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session consisted of reviewing patient sleep history, education and rationale for sleep 

restriction practices, and behavioral homework. Four follow-up sessions (3 phone contacts, 

each 3–4 days apart, followed by a 2nd face-to-face session) were then delivered across the 

following 2 weeks and were used to titrate sleep schedules based on sleep diary data. 

Fidelity monitoring for the SRT condition was the same as described in the CBTI section 

above.

All study procedures were approved by the institutional review board.

Measures

Depressive symptoms were measured using the Beck Depression Inventory, 2nd edition 
(BDI-II),56 a 21-item self-report measure of depressive symptoms. BDI-II scores range from 

0 to 63, with higher scores indicating greater severity. BDI-II scores > 20 indicate 

moderately severe depression. Maladaptive thinking was measured across four surveys. The 

Dysfunctional Beliefs and Attitudes about Sleep scale, 16-item version (DBAS)31 is a self-

report measure of dysfunctional beliefs about sleep (e.g., ‘I have little ability to manage the 

negative consequences of disturbed sleep’). Scores represent average item scores across the 

measure with scores above 4 representing irrational or dysfunctional beliefs about sleep. The 

Presleep Arousal Scale Cognitive factor (PSAS Cognitive)40 was used to measure cognitive 

arousal during the presleep period, i.e., when individuals are in bed attempting to fall asleep. 

The PSAS Cognitive scale consists of 8 items (e.g., ‘review or ponder events of the day’ and 

‘can’t shut off your thoughts’) and possible scores range from 8 to 40 with higher scores 

indicating greater presleep cognitive arousal. The 20-item Event Related Rumination 
Inventory (ERRI)57 measures intrusive and deliberate rumination in response to life stress. 

Each item is on a 0 to 3 scale with higher ratings reflecting higher levels of rumination. The 

inventory score is represented by the mean item level rating. The 16-item Penn State Worry 
Questionnaire (PSWQ)58 measures trait tendency to engage in worry. Higher scores 

represent higher levels of trait worry with PSWQ scores ≥ 40 representing moderate worry 

or worse. Somatic hyperarousal was measured using the Presleep Arousal Scale Somatic 
factor (PSAS Somatic).40 The PSAS Somatic scale consists of 8 items (e.g., ‘heart racing, 

pounding, or beating irregularly’ and ‘a tight, tense feeling in your muscles’) and possible 

scores range from 8 to 40 with higher scores indicating greater presleep cognitive arousal. 

Lastly, insomnia symptoms were assessed using the Insomnia Severity Index (ISI).59 ISI 

scores ≥ 15 represent clinical insomnia, and ISI scores ≤ 7 indicate no significant insomnia 

symptoms. In the present study, insomnia remission is operationalized as ISI ≤ 7 after 

treatment.

Analysis Plan

Analyses were conducted using SPSS version 25. A total of 122 women provided outcome 

data at both posttreatment assessments. We excluded from analysis 5 statistical outliers on 

the BDI-II (scores > 3 SDs above the mean), resulting in a total sample of 117 for our 

analyses. In addition, we also ran analyses in patients who provided only partial 

posttreatment data (presented in supplementary materials). Overall demographics and 

pretreatment characteristics were first presented and compared across the 3 treatment 

conditions using oneway ANOVA to identify group differences before treatment. To test 
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treatment effects, we first ran 3×2 repeated measures ANOVAs to examine Treatment x 

Time interactions for changes in depressive symptoms, maladaptive thinking, and 

hyperarousal from pretreatment to immediate posttreatment. After testing for Treatment x 

Time interaction effects, paired samples t-tests were conducted within each condition to test 

for potential simple effects; significant results and statistical trends were then followed-up 

with Cohen’s d estimation of effect size specifically designed for paired samples t-tests, 

which accounts for the correlation between the pre- and posttreatment values.60 In addition, 

cross-sectional one-way ANOVAs with LSD posthoc comparisons were used to compare 

mean levels for each treatment outcome to determine differences in symptom levels across 

groups. These analyses were then repeated for 6-month follow-up data. We then ran 

exploratory bivariate correlations between changes in insomnia symptoms (pre- to 

posttreatment, and then pre- to 6-month follow-up) and changes in each of our primary 

outcome variables. These results showed whether changes in depressed mood, maladaptive 

thinking, and hyperarousal were associated with improvements in insomnia symptoms, 

irrespective of treatment condition. Lastly, we compared insomnia remitters (ISI ≤ 7) vs non-

remitters at posttreatment and 6-month follow-up to compare levels of depressive symptoms, 

maladaptive thinking, and somatic hyperarousal.

Results

Sample characteristics

Refer to Table 1 for full sample characteristics. Our sample was largely comprised of non-

Hispanic White (54.7%) and non-Hispanic Black (38.5%) women. Prior to treatment, mean 

ISI scores were in the clinical range (ISI: 15.03±3.97) and 4.3% of the sample endorsed 

moderately severe depression. Across the four cognition surveys, high levels of maladaptive 

thinking were observed. DBAS mean scores were in the elevated range, reflecting high 

levels of dysfunctional beliefs about sleep before treatment. Unexpectedly, presleep 

cognitive arousal levels were lower than what has been reported in other studies of poor 

sleepers, insomniacs, and individuals with psychiatric illness and chronic pain.39,61,62 

Tendency to worry was in the moderate range and consistent with levels reported by other 

insomniacs,63 whereas pretreatment ERRI scores were slightly lower than what is reported 

by individuals after experiencing major life stress.57 Self-reported somatic hyperarousal was 

high and consistent with or higher than other clinical samples.39,61,62 Importantly, no factors 

differed across groups prior to treatment.

Treatment effects on depressive symptoms

See Table 2 for full results and Figure 2 as a visual aid for these findings. Please refer to 

Supplementary Table 1 for replication of these findings in all patients who provided 

complete or partial posttreatment outcomes.

We first evaluated changes in depressive symptoms. A 3×2 repeated measures ANOVA 

testing changes in depressive symptoms from pretreatment to posttreatment showed a non-

significant Treatment x Time interaction (p=.12). Follow-up paired samples t-tests revealed a 

small decrease in depressive symptoms in the SRT group (d=.31) and a medium decrease in 

the CBTI group (d=.55), but no change in the SHE group (p=.15).
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We then ran a repeated measures ANOVA evaluating changes in depression scores from 

pretreatment to 6-month follow-up (Table 2). A significant Treatment x Time interaction was 

observed (p<.05), and patients receiving SRT or CBTI both reported lower depressive 

symptoms 6 months after completing treatment. Indeed, SRT patients reported a medium 

decrease in depressive symptoms (d=.50), whereas CBTI patients reported a large decrease 

in symptoms (d=.79). Notably, no changes were reported by patients receiving SHE, who 

reported higher levels of depression at 6-month follow-up than both CBTI and SRT patients. 

Depressive symptoms at 6-month follow-up did not differ between SRT and CBTI 

conditions.

Treatment effects on maladaptive thinking

We next tested effects on maladaptive thinking (Table 2). A repeated measures ANOVA 

evaluating changes in dysfunction sleep beliefs revealed a significant Treatment x Time 

interaction such that CBTI patients reported very large decreases in dysfunctional beliefs 

about sleep (d=1.05), SRT patients reported medium-large decreases (d=.70), and SHE 

patients had no change (p=.54). Posttreatment, CBTI patients reported the healthiest sleep 

beliefs, whereas SHE patients reported the most dysfunctional beliefs. SRT patients reported 

healthier beliefs than SHE patients, but more dysfunctional than CBTI patients. These 

patterns were maintained 6 months later (Table 2).

Presleep cognitive arousal moderately decreased during treatment in the CBTI and SRT 

groups (CBTI d=.51, SRT d=.50; Table 2). Even so, we observed no group differences in 

presleep cognitive arousal levels at posttreatment (p=.69). By 6-month follow-up, presleep 

cognitive arousal levels were no longer significantly different from pretreatment levels in 

any group (p=.88), indicating that presleep cognitive arousal returns to pretreatment levels in 

the months after completing insomnia treatment.

Stress-related rumination moderately decreased during treatment in the CBTI and SHE 

groups (CBTI d=.55, SHE d=.67; Table 2). No Treatment x Time interaction was observed 

(p=.62), and groups did not differ on rumination levels at posttreatment (p=.93). By 6-month 

follow-up, only CBTI patients reported lower levels of stress-related rumination compared to 

their pretreatment levels (d=.65), whereas patients in the SHE condition no longer exhibited 

any improvement from pretreatment baseline (p=.35).

Repeated measures ANOVA models revealed Treatment x Time interactions that approached 

significance for worry at posttreatment (p=.05) and was non-significant at 6-month follow-

up (p=.50). Worry levels were slightly lower at posttreatment for SRT (d=.30) and CBTI 

patients (d=.30) compared to pretreatment levels, whereas these reductions became 

moderately sized 6 months later (SRT d=.40, CBTI d=.53; Table 2). Even so, CBTI and SRT 

patients did not differ from SHE or SRT patients on worry at either time-point.

Treatment effects on somatic hyperarousal

CBTI patients reported large decreases in somatic hyperarousal by the end of treatment (d=.

89) and SRT patients reported a medium decrease (d=.61), whereas no change was observed 

in SHE patients (p=.12; Table 2). Despite differential rates of change, groups did not differ 

significantly on somatic arousal immediately after treatment. Six months later, a Treatment x 
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Time interaction was observed (p=.02), and only CBTI patients reported a decrease in 

somatic hyperarousal from pretreatment baseline, which was large (d=1.06). Neither the 

SHE or SRT group reported long-term decreases in hyperarousal, indicating that somatic 

arousal did not improve in the SHE group, and that arousal returned to baseline in the 

months after treatment in the SRT group. Accordingly, hyperarousal was lowest in the CBTI 

group at 6-month follow-up. Improved sleep is linked to decreases in depression, 
maladaptive thinking, and hyperarousal.

Finally, we explored associations between reductions in insomnia symptoms (i.e., change 

scores in ISI; see Drake et al for full insomnia outcomes for this RCT13) and changes in our 

primary outcomes; see Table 3 for full results. Improvements in insomnia were strongly 

correlated with both improvements in depression and dysfunctional beliefs about sleep at 

both posttreatment and 6-month follow-up. Indeed, insomnia remitters reported substantially 

lower depression scores than non-remitters at posttreatment (t[115]=−3.66, p<.001, d=.74) 

and 6-month follow-up (t[110]=−3.16, p<.01, d=.60), see Table 4. Similarly, insomnia 

remitters reported more adaptive beliefs about sleep compared to non-remitters at both 

posttreatment (t[115]=−5.18, p<.001, d=1.02) and 6-month follow-up (t[110]=−4.72, p<.

001, d=.90).

Insomnia symptom improvement was not associated with any changes in presleep cognitive 

arousal (Table 3). Yet, insomnia remitters reported substantially lower presleep cognitive 

arousal than non-remitters at posttreatment (t[73]=−2.90, p<.01, d=.70) and at 6-month 

follow-up (t[57]=−3.22, p<.01, d=.82; see Table 4). To identify the cause of this, we used 

logistic regression to test whether presleep cognitive arousal prior to treatment predicted 

odds of remitting from insomnia at posttreatment and 6-month follow-up. Pretreatment 

presleep cognitive arousal did not predict insomnia remission at posttreatment (OR=.93, 

95% CI=.83–1.04, p=.19), but did predict insomnia remission at 6-month follow-up (OR=.

87, 95% CI=.78-.98, p=.02) such that each 1-point increases on the PSAS Cognitive scale 

corresponded with 15% decrease in odds of insomnia remission (OR−1=1.15). Thus, while 

reductions in insomnia symptoms may not correlate with changes in presleep cognitive 

arousal, it is possible that insomnia remitters have lower presleep cognitive arousal after 

treatment than nonremitters because those with less presleep cognitive arousal to begin with 

are more likely to remit.

Reductions in stress-related rumination and worry were both associated with improved 

insomnia symptoms at posttreatment, but by the time patients reached 6-month follow-up, 

changes in stress-related rumination or worry were no longer related to improvements in 

insomnia symptoms (Table 3). Interestingly, insomnia remitters did not differ on rumination 

at either posttreatment (t[73]=−0.37, p=.72) or follow-up (t[71]=−0.39, p=.70), whereas 

remitters reported less worry at both time-points (posttreatment: t[115]t=−2.79, p<.01; 6-

month follow-up: t[110]=−3.56, p<.01).

Lastly, a pattern was observed for somatic hyperarousal such that improvements in insomnia 

were associated with reduced presleep somatic arousal after completing treatment, but were 

no longer correlated 6 months later. Insomnia remitters reported lower levels of presleep 
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somatic hyperarousal compared to non-remitters at both posttreatment (t[73]=−3.92, p<.001) 

and 6-month follow-up (t[71]=−3.28, p<.01).

Discussion

In a sample of 117 postmenopausal women with chronic insomnia disorder, we evaluated the 

efficacy of CBTI and SRT in comparison to sleep hygiene education to alleviate subclinical 

depressive symptoms and to reduce maladaptive thinking and somatic hyperarousal. Both 

CBTI and SRT outperformed sleep hygiene education and resulted in moderate reductions in 

depressive symptoms, which were maintained 6 months later. Treatment effects on 

maladaptive thinking were mixed, with the most robust effects observed for CBTI and SRT 

reducing dysfunctional beliefs about sleep. CBTI produced the largest and most durable 

improvements in presleep somatic hyperarousal. Overall, the findings indicated that 

nonpharmacological insomnia interventions reduce depressive symptoms, maladaptive 

thinking, and somatic hyperarousal in women with menopause-related chronic insomnia 

disorder.

Prior reports, including from this trial, have confirmed the efficacy of CBTI and SRT for 

menopause-related insomnia.12,13 Findings from the present study add to the literature by 

showing that CBTI and SRT reduce subclinical depressive symptoms in women with 

menopause-related insomnia, and that these reductions in depressive symptoms are directly 

related to improvements in sleep. Indeed, CBTI and SRT patients reported lower depressive 

symptoms 6 months after treatment than patients who received SHE control, suggesting that 

successful treatment of insomnia may reduce risk for future depression in postmenopausal 

women. These findings are consistent with recent evidence showing that treating insomnia 

with CBTI prevents future depression.64 Further, our findings suggest that postmenopausal 

women with insomnia disorder and comorbid major depression may experience reductions 

in both sleep and mood symptoms via cognitive-behavioral insomnia interventions. These 

results are consistent with prior findings showing that CBTI improves symptoms of 

insomnia anddepression in patients with both disorders.20,21,65,66

Beyond targeting disease symptomatology, we examined whether CBTI and SRT alter some 

of the very same insomniogenic and depressogenic factors implicated in insomnia and 

depression development in the first place including negative cognitive content, faulty 

cognitive processing, and somatic hyperarousal. Consistent with extant evidence showing 

that nonpharmacological insomnia treatments improve attitudes toward sleep,67–69 both 

CBTI and SRT substantially reduced dysfunctional beliefs about sleep. However, these 

findings also add to the literature by showing that CBTI patients develop more adaptive 

attitudes toward sleep than patients treated with SRT, thereby showing that CBTI is superior 

to SRT and sleep education in altering negative cognitive content endemic to insomniacs. 

Improving sleep-focused beliefs is critical, not only because they are common among 

insomniacs and depressed individuals,32 but also because these beliefs fuel future insomnia,
33 depression,34 and even depressive behavior like suicidal ideation.35 By extension, CBTI 

patients may be at lower risk for insomnia relapse or depression incidence than patients 

receiving SRT, SHE, or no treatment.
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CBTI and SRT were less successful at producing robust and durable improvements to 

cognitive arousal (in other words, faulty cognitive processing). We specifically looked at 

three forms of cognitive arousal: presleep cognitive arousal, stress-related rumination, and 

worry. Improvements in presleep cognitive arousal were short-lived such that presleep 

cognitive arousal improved upon completing treatment but then returned to baseline by 6-

month follow-up. Counter-intuitively, treatment-related improvements in insomnia 

symptoms did not correspond to changes in cognitive arousal, yet patients who remitted 

from insomnia after treatment reported less presleep cognitive arousal. Taken together, it is 

clear that individuals who no longer have insomnia engage in less nocturnal rumination, but 

there are no clear durable treatment effects in this sample, which suggests that CBTI and 

SRT may not be adequate to address presleep cognitive arousal. Notably, CBTI treatment 

effects on PSG-defined objective insomnia ratings are at times more modest than effects on 

self-reported insomnia ratings,67 therefore it is possible that reductions in nocturnal 

rumination may be attenuated by lesser treatment gains in objective nighttime wakefulness.

Similarly, treatment effects on stress-related rumination and worry were mixed and 

ultimately unconvincing. Acute reductions in rumination and worry were linked to 

treatment-related improvements in insomnia symptoms. And only CBTI produced 

significant long-term reductions in stress-related rumination and worry, but at no point after 

treatment did CBTI patients report lower levels of rumination than SRT or SHE patients. 

These findings indicate that these reductions may not be clinically meaningful. By 

extension, these results suggest that standard 6-session CBTI, despite its ostensible cognitive 

emphasis (via one session of cognitive therapy), does not adequately address cognitive 

arousal. However, emerging evidence supports mindfulness-based strategies to effectively 

reduce cognitive arousal such as rumination, worry, and presleep cognitive arousal.70–73 To 

produce clinically meaningful reductions in insomnia-related faulty cognitive processing 

(i.e., cognitive arousal, rumination, worry), insomnia patients with high cognitive arousal 

may benefit from an augmentation strategy that enhances CBTI with mindfulness.70,74

Presleep somatic hyperarousal was highly elevated in this clinical sample. CBTI produced 

the strongest and most durable effects on somatic hyperarousal with large reductions 

observed at both posttreatment and 6-month follow-up. SRT produced only acute reductions, 

whereas hyperarousal returned to pretreatment baseline 6 months after completing treatment. 

Accordingly, reductions in hyperarousal were related to improvements in insomnia 

symptoms, and remitters reported substantially lower levels of somatic arousal in the 

presleep period after treatment.

These findings taken together show that CBTI and—to a lesser extent—SRT reduce 

depressive symptoms, negative cognitive content, and presleep somatic hyperarousal in 

women with menopause-related chronic insomnia. Despite these benefits, our data also show 

there is considerable room for improvement for CBTI and SRT pertaining to cognitive-

emotional arousal in particular. Indeed, reductions in cognitive-emotional arousal are not 

considered among primary targets in cognitive-focused insomnia interventions as evidenced 

by most insomnia RCTs not reporting changes (or lack thereof) in cognitive arousal related 

to CBTI or other deliveries. Considering that worry and rumination are central to cognitive 

models of insomnia23,44,75 and of course depression76 (i.e., the most common comorbidity 
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in insomnia), future studies should monitor changes in these cognitive factors as primary 

outcomes in insomnia treatment. The present study showed that current protocols produce 

some—albeit non-robust—movement in these over-practiced cognitive processes; it may 

take just a few more sessions of cognitive therapy or mindfulness to produce larger and more 

robust outcomes. How much better can patients be served if CBTI and other insomnia 

interventions not only improved sleep efficiency, but also meaningfully improved emotion 

regulation through the reduction of worry and rumination, particularly during the presleep 

period?

CBTI in particular is well-equipped to improve sleep-related cognitive content in 

postmenopausal insomniacs as evidenced by more rationale attitudes and beliefs about sleep 

after treatment. Despite its cognitive emphasis, CBTI’s effects on cognitive processing 
marked by high arousal (i.e., an unrelenting tendency to worry and ruminate particularly 

when trying to sleep when in the context of insomnia) can be improved. Indeed, cognitive 

content vs processing is an important distinction with both serving important etiological 

roles in depression development after stress exposure.37 And given that insomniacs and 

individuals at risk for insomnia disorder show cognitive arousal profiles similar to 

individuals with anxiety and depression,18,23,77–79 it is perhaps unsurprising that a single 

session of cognitive therapy (as part of a standard six-session CBTI regimen) may be 

insufficient to substantially alter the manner in which affected individuals process stress and 

other negative information. And while some CBTI patients may indicate significant 

improvement in insomniogenic and depressogenic thinking, other patients—perhaps with 

more complex etiology, greater psychiatric comorbidity, or under severe stress—may benefit 

from CBTI treatment regimens augmented with techniques specifically targeting 

metacognitive processes. Given that mindfulness-based treatments reduce depression and 

cognitive arousal,73 these non-insomnia focused treatments may serve as critical add-ons or 

adjunctive therapies for patients requiring higher levels of care. Indeed, growing evidence 

shows that mindfulness meditation can be combined with CBTI components to improve 

insomnia and presleep arousal,70,80 yet more research is needed to more fully characterize 

the added value of mindfulness to CBTI for improved cognitive arousal outcomes.

Limitations and future directions

The present study should be interpreted in light of certain limitations. Our primary limitation 

centers on our inability to test treatment effects on clinical depression comorbid with 

insomnia disorder. As women with DSM-5 major depression were excluded from this trial, 

we focused on examining whether these treatments alter subclinical levels of depressive 

symptoms. Future trials should include postmenopausal women with comorbid insomnia and 

depression to examine how well these interventions treat these highly comorbid disorders. 

By extension, as the present study only examined women with subclinical depression levels, 

we likely experienced statistical restriction of range, which may have produced type II errors 

and/or underestimated treatment effect sizes on outcomes. In addition, the 3 conditions had 

different treatment delivery modalities and dosing (SHE = 6 weekly emails; SRT = 2 in-

person sessions and 3 phone calls over 2 weeks; CBTI = 6 weekly face-to-face sessions), 

which may have contributed to differences in treatment effects. Relatedly, adherence in the 

control condition was not monitored, thus we cannot verify the extent to which subjects in 
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this condition engaged in their sleep hygiene materials. We also did not assess for treatment 

expectations, which may have influenced outcomes. Another limitation concerns a lack of 

follow-up assessments beyond 6 months after treatment. Longer-term prospective data 

would improve our understanding of the durability of these antidepressant effects in 

postmenopausal women and whether CBTI and SRT prevent future depression onset.

Conclusions

Women with menopausal insomnia disorder report lower levels of depression symptoms, 

maladaptive thinking, and somatic hyperarousal after successful insomnia remission. 

Although CBTI and SRT both produce improvements in these areas, CBTI was the superior 

treatment option based on more immediate, durable, and larger reductions in depression, 

dysfunctional beliefs about sleep, and presleep somatic hyperarousal. Even so, treatment 

effects on overall cognitive arousal—including worry, rumination, and presleep 

perseverative cognitions—were less robust. This suggests that postmenopausal women with 

insomnia would likely benefit from better equipping CBTI and SRT to target cognitive 

arousal and stress dysregulation, which may improve treatment effects for both insomnia and 

depression, as well as reduce risk for future relapse of these disorders. Future research 

should explore whether CBTI can be tailored to meet the clinical needs for patients 

presenting with high levels of stress and emotion dysregulation.
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ERRI event-related rumination inventory

HRT hormone replacement therapy

ISI insomnia severity index

PSAS presleep arousal scale
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PSWQ Penn State worry questionnaire

RCT randomized controlled trial
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Highlights for Treating Chronic Insomnia Improves Depressive Symptoms, 
Maladaptive Thinking, and Hyperarousal in Postmenopausal Women: A 
Randomized Clinical Trial of Cognitive-Behavioral Therapy for Insomnia, 

Sleep Restriction Therapy, and Sleep Hygiene Education

-CBTI and SRT reduce depressive symptoms in postmenopausal women with insomnia

-CBTI and SRT reduce dysfunctional sleep beliefs and presleep somatic arousal

-Treatment effects on presleep cognitive arousal, rumination, and worry are mixed

-Sleep hygiene does not reduce depression, maladaptive thinking, or somatic arousal

-Treatment outcomes may be enhanced by better targeting cognitive arousal
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Figure 1. 
Flow chart of study enrollment, participation, and analysis inclusion.
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Figure 2. 
Changes in depressive symptoms, maladaptive thinking, and somatic hyperarousal by 

treatment condition.
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