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Abstract

Objective To test whether an Internet-delivered cognitive behavioral therapy for insomnia (CBT-I) program for older adults
attenuates symptoms of depression and anxiety.

Methods Adults aged>55 with insomnia were randomized to SHUTi-OASIS (Sleep Healthy Using the Internet for Older
Adult Sufferers of Insomnia and Sleeplessness; N=207) or Patient Education (PE; N =104). Depression and anxiety were
assessed (HADS-D and HADS-A, respectively) at baseline, post-assessment, and 6- and 12-month follow-ups.

Results Multilevel modeling of HADS-D showed a condition by time interaction (F[3,779]=3.23, p=.02): SHUTi-OASIS
participants reported lower symptoms than PE at post-assessment. There was no such interaction effect for HADS-A
(F13,779]=2.12, p=.10). Generalized linear modeling showed no moderation of effects by baseline symptom severity.
Conclusions Participants randomized to Internet-delivered CBT-1 showed stable depression and anxiety across time, while
control participants’ depressive symptoms briefly increased. CBT-I may help prevent development or worsening of psycho-

logical distress among older adults with insomnia.
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initiation and maintenance disorders

Between 20 and 30% of adults aged 55 and older experience
insomnia, a rate higher than any other age group (Ancoli-
Israel, 2000; Foley et al., 1995, 2004; Maggi et al., 1998;
Petit et al., 2003). Older adults with insomnia are also more
likely to experience co-occurring psychiatric symptoms,
with insomnia conferring greater risk for depression (Now-
ell & Buysse, 2001; Perlis et al., 2006; Roberts et al., 2000)
and anxiety (Brenes et al., 2009). Cognitive behavioral ther-
apy for insomnia (CBT-]) is the recommended treatment for
insomnia (Schutte-Rodin et al., 2008) and has also demon-
strated treatment benefits on reduced symptoms of depres-
sion (Christensen et al., 2016; Suh, 2015; Thorndike et al.,
2013) and anxiety (Jansson-Frojmark & Norell-Clarke,
2016; Thorndike et al., 2013). Moreover, while there is some
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mixed evidence on this point (Mirchandaney et al., 2022),
the benefits of CBT-I on the symptoms of depression and
anxiety appear greatest among those entering treatment with
higher initial symptomatology (Blake et al., 2018; Lancee
et al., 2013; Sandlund & Norell-Clarke, 2020). Addressing
insomnia with CBT-I among older adults may therefore help
address comorbid symptoms of depression and anxiety.
Historically, sleep difficulties in adults 55 and older
were considered the result of normal aging biological pro-
cesses, and thus inevitable; however, the field now clearly
recognizes that insomnia is not a normal part of aging and
is a treatable problem for the older adult (Brewster et al.,
2018; Fichten et al., 2000). CBT-I effectively treats insom-
nia among older adults (Irwin et al., 2006; Rybarczyk et
al., 2013) by targeting maladaptive cognitions and behav-
iors that perpetuate insomnia (Chow et al., 2018). Second-
ary benefits of CBT-I to comorbid symptoms of depression
and anxiety may be in part due to addressing shared mal-
adaptive patterns, like catastrophic thinking and irregular
sleep scheduling. Like insomnia, psychiatric symptoms of
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depression and anxiety are also often inappropriately nor-
malized as part of aging, but addressing symptoms remains
important to older adults given these symptoms are associ-
ated with increased morbidity and mortality (Forlani et al.,
2014; Mykletun et al., 2009; Pratt et al., 2016). As stigma
against mental illness remains a significant barrier to older
adults seeking mental health services (Conner et al., 2010;
Stark et al., 2018), CBT-I may represent a more acceptable
and appealing option for addressing comorbid psychiatric
symptoms among older adults with insomnia by focusing on
sleep rather than mood and anxiety directly.

CBT-I has also been effectively delivered by the Internet
(Zachariae et al., 2016). Sleep Healthy Using the Internet
(SHUT!) is one such fully-automated CBT-I program, which
has been demonstrated effective in treating insomnia and
addressing comorbid symptoms across various populations
both with and without medical and psychiatric comorbidi-
ties (Christensen et al., 2016; Luyster et al., 2018; Moloney
et al., 2020; Ritterband et al., 2017; Zachariae et al., 2018).
Delivering CBT-1 by the Internet has several benefits,
including: reducing geographical inequities in access to
this care, addressing the significant gap in demand to avail-
able clinicians, and being more cost-effective than deliver-
ing care by a clinician (Chow et al., 2019; De Bruin et al.,
2016; Thomas et al., 2016). These benefits are of particular
importance for older adults, given that older adults com-
prise a larger share of the population in rural areas relative
to suburban or urban areas (Pew Research Center, 2018),
and behavioral sleep medicine providers are less available
in rural areas (Chow et al., 2019; Thomas et al., 2016). Also,
fully-automated Internet interventions are private, which
helps reduce the barrier of stigma to accessing care.

Despite common assumptions to the contrary, most older
adults are Internet users: 75% of Americans aged 65 and
older, and 96% of Americans aged 50 to 64, say they use
the Internet as of 2021 (Pew Research Center, 2021). As
such, our team tailored the SHUTI intervention to better
address the insomnia treatment needs of older adults, creat-
ing SHUTI for Older Adult Sufferers of Insomnia and Sleep-
lessness (SHUTi OASIS). The objective of this analysis was
to determine the extent to which SHUTi OASIS addressed
comorbid symptoms of depression and anxiety among older
adults with insomnia. We hypothesized that those random-
ized to receive SHUTi OASIS would report decreased
symptoms relative to those receiving an active sleep educa-
tional control condition, and that the effect would be most
pronounced among those with higher symptoms (relative to
less severe symptoms) at baseline.

Materials and methods
Participants and Procedure

This is a secondary analysis of a national (U.S.) randomized
clinical trial (ClinicalTrials.gov registration NCT03213132,
approved by the University of Virginia Institutional Review
Board). The primary purpose of the trial was to evaluate
the efficacy of SHUTi OASIS compared to Internet-deliv-
ered patient education (PE) on sleep outcomes among older
adults with chronic insomnia. Methodological details for
the trial (including full CONSORT diagram) are reported
as part of the primary outcomes paper (in preparation); key
aspects are reviewed here.

Participants were recruited from across the U.S. via a
study website from May 2018 through April 2019. Adults
aged 55 and older with regular Internet access were eligi-
ble to participate if they met DSM-TR-IV criteria for sleep
onset and/or maintenance insomnia for at least the past 6
months, with total sleep time per night averaging 6.5 h or
less. While the definition of ‘older adult” has differed across
the insomnia literature, the cutoff for this trial was set at
age 55. This decision was made to help address the signifi-
cant knowledge gap on those aged 55 to 64 who have typi-
cally been excluded from most prior studies of ‘older adult’
insomnia (Fichten et al., 2000).

Exclusion criteria included: (1) another untreated sleep
disorder; (2) presence of certain (uncontrolled) medical
conditions interfering with study procedures (e.g., report
Alzheimer’s disease diagnosis, unrecovered from a trau-
matic brain injury); (3) current or past behavioral insomnia
treatment; (4) shift work schedule; and (5) mental health
condition deemed to put participant at risk for exacerba-
tion of psychiatric symptoms from participating in treat-
ment and/or to require a higher level of care (i.e., current
severe major depressive episode [by clinical interview and
Quick Inventory of Depressive Symptomatology score of
severe or very severe symptoms (Rush et al., 2003)], current
moderate or severe suicidal ideation, substance use disorder
[alcohol, drug] within past year, or history of psychotic or
bipolar disorder). There were no eligibility criteria related to
anxiety symptoms.

Informed consentwas obtained from all participants
prior to data collection. Participants completed online
assessments at baseline (pre-assessment). A block random-
ization scheme (n=3 per block) stratified by age group (55
to 69; 70 and older) was used to assign participants 1:1:1
between three conditions for a nine-week intervention
period: SHUTi OASIS, SHUTi OASIS with stepped care
to support treatment engagement, or PE. The two SHUTi
OASIS conditions have been collapsed for all analyses, as
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few participants required stepped care and outcomes did not
differ between these conditions ([removed for anonymity]).

Following the intervention period, follow-up assess-
ment data were collected at post-assessment (10 weeks
after baseline), 6-month follow-up, and 12-month follow-
up. Participants received online gift cards as compensation
for completing the post-assessment and 6-month follow-up
($50 each) and the 1-year follow-up ($100).

Intervention

SHUTi — Sleep Healthy Using the Internet — is a fully-
automated and interactive Internet-delivered insomnia
intervention that is tailored based on user-inputted data (Rit-
terband et al., 2017; Thorndike et al., 2008). The interven-
tion is based on CBT-1, covering the primary tenets of sleep
restriction, stimulus control, cognitive restructuring, sleep
hygiene, and relapse prevention (Morin, 1993; Thorndike
et al., 2008). The intervention is delivered in six “Cores,”
or lessons, which each take about 45 min to one hour to
complete. Cores are metered out to users on a time- and
activity-based schedule. Specifically, the next Core is made
available to the user one week following their completion of
the prior Core, which allows participants to practice skills
between Cores. Users track their sleep using daily online
Sleep Diaries, which take about 3 min or less to complete.
The intervention provides tailored content to users based on
these sleep diaries (e.g., tailored ‘sleep prescriptions’ as part
of the sleep restriction technique) and other user-entered
data. Automated emails are incorporated into the program
to encourage engagement. See Ritterband et al. 2018 and
Thorndike et al., 2008 for further description of the SHUTi
program.

The SHUTi OASIS program — SHUTi for Older Adult
Sufferers of Insomnia and Sleeplessness — modified the
original SHUTi program that was designed for the general
population to better address the unique needs of older adults
with insomnia. Modifications included: Modifying informa-
tion to better meet the unique needs of the older adult popu-
lation (e.g., allowing brief naps, norms for older adult sleep,
strategies to safely practice stimulus control if mobility
limited at night); adding strategies to address factors more
common among older adults that precipitate and perpetuate
insomnia (e.g., nocturia); modifying intervention vignettes
of example users to be more pertinent to older adults (e.g.,
using pictures and stories of older adults); and user interface
changes to improve readability and simplify navigation.

Participants randomized to the Patient Education (PE)
condition receive a website of widely available educational
material about insomnia. There is overlapping content
between SHUTi OASIS and PE conditions, namely, basic
educational content about CBT-I principles. In contrast with
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SHUTi OASIS, however, PE content is not tailored to the
user and is not interactive, meaning the content is static and
text-based. PE content is also not metered out over time like
SHUTi OASIS, meaning PE content is delivered altogether
at once. See Ritterband et al. 2018 for further description of
the PE program. For both PE and SHUTi OASIS conditions,
technical support was available, but no clinical direction
was provided. Neither condition provided any direct infor-
mation or interventions targeting symptoms of depression
or anxiety.

Outcome Measure

The Hospital Anxiety and Depression Scale (HADS) was
used to measure both symptoms of depression (HADS-
D) and anxiety (HADS-A(Zigmond & Snaith, 1983). The
HADS is a validated self-report questionnaire with 7 ques-
tions addressing depression symptoms and 7 questions
addressing anxiety symptoms, answered on a Likert scale (0
“none at all” to 3 “severe”). The subscales demonstrated sat-
isfactory internal reliability at each time point (Cronbach’s
alphas=0.81-0.84 for HADS-D, 0.80-0.82 for HADS-A).

Statistical Analysis

All analyses were conducted using SAS v9.4 (SAS Insti-
tute, 2016). Demographic and baseline characteristics of
the sample were summarized with measures of central ten-
dency. There was a significant difference between condi-
tions at baseline on reported depression symptoms: prior to
randomization, participants who were assigned to SHUTi
OASIS (N=207) reported less severe depression symptoms
than those assigned to PE (N=104; HADS-D independent
samples #[309]=2.86, p=.01). Therefore, a conservative
analytic approach of mixed-effects linear modeling (MLM)
was used to allow baseline differences between groups,
instead of competing and more powerful approaches that
assume no baseline differences (e.g., constrained longitudi-
nal data analysis [cLDA]; Coffman et al., 2016). Although
there was no such baseline difference between conditions
for anxiety symptoms (HADS-A independent samples
1[309]1=0.89, p=.37), MLM was also used for the anxiety
symptom analyses for consistency. Separate 2 (condition)
by 4 (time) MLMs represent time point as a categorical
variable; therefore, findings are interpreted as the difference
between baseline HADS score and each of the three follow-
up time points. The interaction effects of condition by time
point evaluated whether change in HADS score differed as a
function of randomized assignment to PE or SHUTi OASIS.

Moderation hypotheses, namely, that older adults report-
ing more severe baseline symptoms would show greater
improvement from SHUTi OASIS, were tested using
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generalized linear regression models using an identity link
function. HADS subscale change scores from baseline to
follow-up time point were regressed on condition, baseline
HADS score, and the interaction between condition and
baseline score. In order to control overall type I error in
moderation analyses, Holm-Bonferroni adjusted p-values
were interpreted.

Results

Demographic characteristics of the overall study sample
and by condition are presented in Table 1. Most study par-
ticipants were female, white, and not Hispanic/Latino/a.
The average age of study participants at enrollment was 66
years old, with 30.5% of the sample (95 of 311) aged 70 or
older. The study sample was relatively well-educated, afflu-
ent, and comfortable using the Internet. Participants’ aver-
age reported symptom scores on the HADS-D and HADS-A
are listed in Table 2.

Depression symptoms

Depression symptom (HADS-D) MLM model results are
shown in Table 1; Fig. 1. There was an interaction between
condition and time. Post-hoc contrasts showed that SHUTi
participants did not report a change in depression symptoms
from baseline to any follow-up time point; however, PE
participants reported increased depression symptoms from
baseline to post-assessment but no differences between
baseline and 6-month or 12-month follow-up assessments.
These change trajectories from baseline to post-assessment
for SHUT (i.e., no change) and PE (i.e., increased symp-
toms) differed; there was no difference between the baseline
to 6-month or 12-month follow-up assessment change tra-
jectories between conditions.

Generalized linear regression model results for mod-
eration by baseline depressive symptoms (HADS-D) on
change in symptoms of depression demonstrated no sig-
nificant moderation effects of baseline depressive symp-
toms on change in depressive symptoms from baseline to
post-assessment (y*[1]=1.12, Holm-Bonferroni adjusted
p=.58), 6-month follow-up (x’[1]=0.54, adjusted p=.58),
or 12-month follow-up (¥*[1]=3.54, adjusted p=.18).

Anxiety Symptoms

Anxiety symptom (HADS-A) MLM model results are
shown in Table 4; Fig. 2. There was no interaction effect
between condition and time. Generalized linear regression
model results for moderation by baseline anxiety symptoms
(HADS-A) on change in symptoms of anxiety demonstrated

no significant moderation effects of baseline anxiety symp-
toms on change in anxiety symptoms from baseline to
post-assessment (x°[1]=0.16, adjusted p= 1), 6-month fol-
low-up (x*[1]=0.10, adjusted p = 1), or 12-month follow-up
(x*[1]1=0.02, adjusted p=1).

Discussion

In this secondary analysis of a trial of an Internet-delivered
CBT-I program for older adults, participants randomized to
CBT-I tended to show stable symptoms of depression and
anxiety up to a year following baseline, while control par-
ticipants showed a brief increase in depressive symptoms
during the intervention period. Average depressive and
anxiety symptom scores were modest across assessment
time points, but comparable to other samples of commu-
nity-dwelling older adults on the same measure (Brett et
al., 2012). Findings provided partial support for our first
hypothesis, namely, that participants randomized to CBT-1
showed lower symptoms of depression following the inter-
vention period relative to control participants. There were
no differences in anxiety symptoms between groups over
the course of the one-year study. Findings did not sup-
port that the effect of treatment on comorbid symptoms of
depression and anxiety was moderated by baseline symp-
tom severity. It is important to note that SHUTi OASIS
participants reported statistically and clinically significant
improvements on their subjective and objective insomnia
symptoms, and these improvements were greater than those
reported by PE participants (primary outcomes manuscript
in preparation). This indicates that the intervention was
effective for treating insomnia among older adults, while
findings from this secondary analysis indicate that the inter-
vention did not impact secondary symptoms of depression
or anxiety as hypothesized.

Findings from the present study deviate from some prior
research, which has demonstrated positive effects of CBT-I
on reducing comorbid psychiatric symptoms in addition to
insomnia symptoms. One trial of SHUTi among adults of all
ages with insomnia and a history of major depressive dis-
order demonstrated substantial reductions in symptoms of
depression and anxiety relative to control participants across
a 6-month follow-up period (Christensen et al., 2016). Simi-
larly, a large-scale trial of another Internet-delivered CBT-1
program (Sleepio) among adults of all ages showed small-
to-moderate, significant differences in favor of Sleepio
relative to a health educational control condition for both
symptoms of depression and anxiety (Espie et al., 2019).
In a real-world clinical service evaluation, clients from a
community-based psychological services provider receiv-
ing Sleepio plus support calls reported large reductions
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Table 1 Characteristics of study population by group (N, % unless specified)

Total Patient Education (N=104) SHUTi OASIS

(N=311) (N=207)
Gender
Female 213 (68.5) 78 (75.0) 135 (65.2)
Male 98 (31.5) 26 (25.0) 72 (34.8)
Race
White 283 (91.0) 94 (90.4) 189 (91.3)
Other than White 28 (9.0) 10 (9.6) 18 (8.7)
Ethnicity
Hispanic or Latino/a 5(1.6) 3(2.9) 2(1.0)
Not Hispanic or Latino/a 306 (98.4) 101 (97.1) 205 (99.0)
Age at Enrollment
Mean+SD 663+7.2 662+59 66.4+7.8
Min-Max 55.1-95.5 55.9-83.8 55.1-95.5
Highest Degree Completed
High School 33 (10.6) 6(5.8) 27 (13.0)
Professional Degree 24(7.7) 7(6.7) 17 (8.2)
Associate Degree 19 (6.1) 9 (8.7) 10 (4.8)
College Degree 111 (35.7) 29 (27.9) 82 (39.6)
Master’s Degree 95 (30.5) 43 (41.3) 52 (25.1)
Doctoral Degree 27 (8.7) 9 (8.7) 18 (8.7)
Not reported 2 (0.6) 1(1.0) 1(0.5)
Marital Status
Divorced 56 (18.0) 20 (19.2) 36 (17.4)
Living as married 21 (6.8) 5(4.8) 16 (7.7)
Married 191 (61.4) 65 (62.5) 126 (60.9)
Single, never married 17 (5.5) 8(7.7) 9(4.3)
Widowed 26 (8.4) 6(5.8) 20 (9.7)
Living Situation
Own home/apartment 290 (93.2) 97 (93.3) 193 (93.2)
With adult children/family members 17 (5.5) 6(5.8) 11 (5.3)
Other 4(1.3) 1(1.0) 3(1.4)
Employed
No 165 (53.1) 55(52.9) 110 (53.1)
Yes 146 (46.9) 49 (47.1) 97 (46.9)
Household income
$0 to less than $15,000 10 (3.2) 4 (3.8) 6(2.9)
$15,000 to less than $35,000 28 (9.0) 13 (12.5) 15(7.2)
$35,000 to less than $50,000 29 (9.3) 9(8.7) 20 (9.7)
$50,000 to less than $75,000 45 (14.5) 12 (11.5) 33 (15.9)
$75,000 to less than $100,000 36 (11.6) 13 (12.5) 23 (11.1)
$100,000 to less than $200,000 84 (27.0) 30 (28.8) 54 (26.1)
$200,000 or more 44 (14.1) 11 (10.6) 33 (15.9)
Did not report 35(11.3) 12 (11.5) 23 (11.1)
Internet Comfort
Very uncomfortable 6(1.9) 3(2.9) 3(1.4)
Somewhat uncomfortable 3(1.0) 1(1.0) 2(1.0)
Neither comfortable nor uncomfortable 8(2.6) 1(1.0) 7(3.4)
Somewhat comfortable 39 (12.5) 16 (15.4) 23 (11.1)
Very comfortable 255 (82.0) 83 (79.8) 172 (83.1)
Prescription Sleep Medication Use at Pre-Assessment
No 224 (72.0) 78 (75.0) 146 (70.5)
Yes 87 (28.0) 26 (25.0) 61 (29.5)
Over-the-Counter Sleep Medication Use at Pre-Assessment
No 240 (77.2) 80 (76.9) 160 (77.3)
Yes 71 (22.8) 24 (23.1) 47 (22.7)

>Note: SHUTi OASIS =Sleep Healthy Using the Internet for Older Adult Sufferers of Insomnia and Sleeplessness (treatment)
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Table 2 Hospital Anxiety and Depression Scale Scores

12-month Follow-up

Post-Assessment 6-month Follow-up

Baseline
PE

t

SHUTi
M=SD

t PE

PE SHUTi t PE SHUTi

t

SHUTi
M+SD

SD

207

M=SD
104

164
536+4.25 3.80+3.07 3.31**

83

166
5.00+3.52 3.67+3.24 2.99**

87

192

97

N

6.93+3.81 5.70+3.67 2.46*

6.55+3.79 526+3.61 2.64%*

5.55+3.98 3.52+3.22 4.67%**
6.42+3.60 526+3.56 2.60%*

5.53+3.38 5.16+3.49 0.89

491+3.55 3.83+2.94 2.86%**

Depressive symptoms

Anxiety symptoms

*p<.05, ¥*p <.01, ¥***p <.001

Patient Education (control); SHUTi=Sleep Healthy Using the Internet for Older Adult Sufferers of Insomnia and Sleeplessness (treatment); ¢ statistic comparing groups at each

time point with independent samples #-test

Note: PE

in their symptoms of depression and anxiety from pre- to
post-treatment (Luik et al., 2017). An important difference
between the present study with these three trials is sample
age, with the mean ages of the above-mentioned trials being
43, 48, and 44 years, respectively.

In terms of studies of CBT-I among older adults, there
are two smaller-scale studies that report effects of face-to-
face CBT-I on mood outcomes. These also demonstrated
significant reductions in depressive symptoms among older
participants receiving CBT-I (Sadler et al., 2018; Tanaka et
al., 2019); however, there was a marked difference in effect
sizes between trials. In the first trial, Sadler and colleagues
(2018) included older adults with comorbid insomnia and
major depression and demonstrated a large effect of CBT-I
on depressive symptoms relative to a patient education con-
trol group (Sadler et al., 2018), and also found significant
reductions in anxiety among those receiving CBT-I but not
patient education. In the second trial, Tanaka and colleagues
(2019) enrolled older adults with insomnia without requir-
ing significant depressive symptoms and demonstrated a
small effect of CBT-I relative to wait-list control on depres-
sive symptoms; they did not report findings related to anxi-
ety (Tanaka et al., 2019). Differences between our study and
these two trials of face-to-face CBT-I may be due in part
to the nature of fully-automating delivery of CBT-I without
clinical contact. Even when following a treatment protocol,
study therapists may teach cognitive coping skills with more
tailored examples pertinent to a participant’s maladaptive
thoughts driving not only insomnia but also other psychiat-
ric symptoms. A third recent and larger-scale trial of face-
to-face CBT-I versus sleep education among older adults
documented lower rates of incident and recurrent depres-
sion among older adults receiving CBT-1, with differences
most pronounced from 18-month through 36-month follow-
ups (Irwin et al., 2022). While our trial followed participants
to one year following baseline, a longer follow-up period
may have been needed to detect effects on the secondary
outcomes of depression and anxiety.

Not all studies have demonstrated CBT-1 superior to
control on reducing depressive symptoms, however (e.g.,
Carney et al., 2017; Manber et al., 2016). A review of key
moderators of the impact of CBT-I on depression and anxiety
highlights two additional possible explanations for our null
findings (Mirchandaney et al., 2022). First, individuals with
evening circadian preferences appear to benefit most from
CBT-I on comorbid psychological symptoms like depres-
sion. As sleep timing shifts earlier with aging (Duffy et al.,
2015), it is possible that the chronotype of older adults plays
a role in their likelihood of receiving secondary benefits of
CBT-I to depressive or anxiety symptoms. Secondly, while
also not universally demonstrated across past studies, indi-
viduals with higher initial depressive and anxiety symptoms
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Fig. 1 Depressive symptom (HADS-D) means and 95% confidence
intervals across study time points by group

Note: PE = Patient education (control); SHUTi= Sleep Healthy Using
the Internet for Older Adult Sufferers of Insomnia and Sleeplessness
(treatment).

have tended to show larger improvements in these symp-
toms in past CBT-I trials. Participants in our trial were not
required to report elevated symptoms of depression or anxi-
ety to qualify for enrollment. The overall modest symptoms
reported by our sample may have restricted our ability to
detect a decrease in symptoms due to a floor effect, although
moderation analyses did not suggest a more powerful effect
of treatment among those with elevated symptoms.

While findings did not suggest that CBT-1 reduced comor-
bid symptoms of depression or anxiety, there was a limited
protective effect against increased depression symptoms
seen among control participants. This potential protective
effect is supported by the prior SHUTi trial among adults
with a history of major depressive disorder, which showed
that those randomized to SHUTi were less likely to endorse
moderate or severe depressive symptoms over time relative
to control participants (Christensen et al., 2016). This effect
for depressive symptoms was, however, small (i.e., one point
difference between group averages) and temporary. A prior
study suggests the minimally clinically important differ-
ence in HADS subscale scores is 1.7, although the estimate
ranged from 0.5 to 5.6 points (Lemay et al., 2019); however,
the impact of this effect is scaled across the significant reach
of fully-automated, Internet-delivered interventions. More-
over, given the comorbidity of insomnia, depression, and
anxiety (Jansson-Frojmark & Lindblom, 2008; Taylor et al.,
2005), further study is warranted to better understand why
the trajectories of these three sets of symptoms differed over
the course of our year-long trial.
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Table 3 Depression symptom (HADS-D) multilinear model results
and post-hoc contrasts

Effect Estimate SE p
Intercept 4.91 0.35 <0.001
Condition (F[1, 309]=12.23, p<.001)

PE (ref)

SHUTi OASIS -1.09 0.40 0.01
Time (F[3, 779]=0.94, p=.42)

Baseline (ref)

Post-assessment 0.55 0.25 0.03
6-month follow-up -0.03 022 091
12-month follow-up 0.38 030 0.20
Condition by Time (F[3, 779]=3.23, p=.02)

SHUTi OASIS x Post-assessment -0.85 0.30 0.01
SHUTi OASIS x 6-month follow-up -0.01 030 0.97
SHUTi OASIS x 12-month follow-up  -0.32 036 0.37

Post-Hoc Contrasts
Change from baseline to post-assessment

Estimate SE p

SHUTi OASIS -0.30 0.17 0.08
PE 0.55 0.25 0.03
Difference between SHUTi OASIS vs.  0.85 0.30 0.01
PE

Change from baseline to 6-month

follow-up

SHUTi OASIS -0.03 0.20 0.86
PE -0.03 0.22 091
Difference between SHUTi OASIS vs.  0.01 0.30 0.97
PE

Change from baseline to 12-month

follow-up

SHUTi OASIS 0.06 0.21 0.76
PE 0.38 0.30 0.20
Difference between SHUTi OASIS vs.  0.32 036 0.37
PE

Note: PE=Patient Education (control, reference); SHUTi

OASIS =Sleep Healthy Using the Internet for Older Adult Sufferers
of Insomnia and Sleeplessness (treatment); HADS-D =Hospital Anx-
iety and Depression Scale-Depression subscale. Statistical results in-
line are Type 3 tests of fixed effects

The restricted range of reported symptoms of depression
and anxiety in the study sample is a limitation of this study.
That the sample reported modest overall symptoms may be
a function of the use of self-reported symptom severity, as
older adults may underreport their mood and anxiety symp-
toms due to stigma (Fiske et al., 2009; Rosenman et al.,
2011). Self-report measures exist that have been developed
to specifically assess symptoms of depression and anxiety
among older adults with less bias, such as the Geriatric
Depression Scale (Yesavage et al., 1982) and the Geriatric
Anxiety Scale (Byrne & Pachana, 2011), which were used
by Sadler et al. and Tanaka et al. These scales were vali-
dated for use among populations aged 65 and older, while
the present study recruited individuals aged 55 and older. As
such, the HADS was selected for the present trial as it has
been validated among adults of all ages and limits bias from
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Table 4 Anxiety symptom (HADS-A) multilinear model results
Effect

Estimate SE p

Intercept 5.53 0.33  <0.001
Condition (£[1, 309]1=5.78, p<.02)

PE (ref)

SHUTi OASIS -0.37 041 0.37

Time (F[3, 779]=7.55, p<.001)
Baseline (ref)

Post-assessment 0.80 0.27 0.003
6-month follow-up 0.91 0.29 0.002
12-month follow-up 1.31 0.33  <0.001
Condition by Time (F[3, 779]=2.12,

p=.10)

SHUTiI OASIS x Post-assessment -0.69 0.34 0.04
SHUTi OASIS x 6-month follow-up -0.71 0.36 0.05
SHUTi OASIS x 12-month follow-up  -0.76 0.41 0.06

Note: PE=Patient Education (control, reference); SHUTi
OASIS =Sleep Healthy Using the Internet for Older Adult Suffer-
ers of Insomnia and Sleeplessness (treatment); HADS-A =Hospital
Anxiety and Depression Scale-Anxiety subscale. Statistical results
in-line are Type 3 tests of fixed effects

@61 / S
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x 2
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01

Pre Post 6-month 12-month
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Fig.2 Anxiety symptom (HADS-A) means and 95% confidence inter-
vals across study time points by group

Note: PE =Patient education (control); SHUTi=Sleep Healthy Using
the Internet for Older Adult Sufferers of Insomnia and Sleeplessness
(treatment)

comorbid physical health impairments common to aging. In
addition to the measurement limitations, the recruited study
sample was primarily highly-educated, of high socioeco-
nomic status, and non-Hispanic white, limiting generaliz-
ability. A strength of our study includes the use of online
recruitment methods (Glazer et al., 2021) to identify a sam-
ple generalizable to older individuals who are likely to be
interested in using an Internet intervention — and our accrual
of 311 participants within 1 year suggests that there is con-
siderable interest.

This secondary analysis of a large-scale RCT comparing
SHUTi OASIS to a patient education control group suggests
that Internet-delivered CBT-I may help prevent development
or worsening of psychological distress commonly comorbid
with insomnia among older adults. Participants randomized
to Internet-delivered CBT-I tended to show stable symp-
toms of depression across time, while control participants’
depressive symptoms briefly increased — although there
were no differences between groups in change in anxiety
across time. Elevated symptoms of depression are associ-
ated with increased morbidity and mortality from comorbid
physical health conditions (Blay et al., 2007; Pratt et al.,
2016), so attenuating the progression of these symptoms
among older adults is critical to supporting their long-term
well-being. Access to mental health care, and particularly
CBT-, is extremely limited with demand outstripping sup-
ply of providers (Thomas et al., 2016). Older adults are
more likely to be living in rural areas (Smith & Trevelyan,
2018) and living in poverty (O’Brien et al., 2010), factors
that further limit accessibility of evidence-based psycho-
logical therapies. Delivering CBT-I1 by the Internet may
increase access to this intervention that may help prevent
development or worsening of psychological distress com-
monly comorbid with insomnia among older adults.
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