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multicomponent treatment with older persons have included 
SCT and SRT17-23 but have not involved a comparison of the 
single interventions.

The use of multicomponent insomnia intervention has 
increased over the past decade in research24 and clinical 
treatment recommendations.25,26 This multifaceted approach 
targets the circadian, homeostatic, and conditioned factors 
that lead to the development and maintenance of a chronic 
insomnia condition. Multicomponent insomnia interventions 
have demonstrated larger effect sizes than single-compo-
nent treatments,6 yet it remains unclear whether the effica-
cious single-treatment components commonly included in 
treatment packages are as effective as the multicomponent 
interventions. The dismantling of a commonly used multi-
component behavioral intervention, consisting of SCT and 
SRT, may determine if both components are essential for 
change in sleep outcomes and which component, if any, can 
be eliminated without loss of efficacy in older persons. The 
identification of the most effective component(s) would pro-
vide future direction for modifications of behavior therapy 
that could achieve and maintain the same level of effective-
ness while enhancing efficiency and feasibility within clinical 
practice. The aim of the study was to compare the effect of 
single-component and multicomponent behavioral treatments 
for chronic primary insomnia in older adults on subjective 
and objective sleep outcomes after intervention and at 3 mo 
and 1 yr posttreatment.

INTRODUCTION
Insomnia is a prevalent and chronic problem among older 

adults that is associated with depressive symptoms, increased 
hypnotic use, falls, increased health care utilization, functional 
impairment, and decreased quality of life.1-4 Insomnia’s preva-
lence and its effect on multiple aspects of older persons’ lives 
underscore the need for effective treatment. The efficacy of 
single and multicomponent treatments for insomnia in older 
adults is supported by results of meta-analyses and a system-
atic review.5-8 Despite the success of behavioral methods in re-
ducing insomnia and the recommendation for use as a first-line 
therapy,9 to our knowledge there are no published compari-
sons of the 2 commonly used single-component interventions, 
stimulus control therapy (SCT) and sleep restriction therapy 
(SRT), in older adults with primary or comorbid insomnia. In 
older persons, SCT was compared with imagery therapy,10,11 re-
laxation therapy,12,13 and a control condition.14 SRT was tested 
against relaxation therapy and sleep hygiene.15,16 Studies using 
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comes were assessed with daily diaries and wrist actigraphy 
simultaneously. Diary data, but not actigraphy data, were 
collected during the intervention period for the treatment 
conditions.

Sleep outcomes
Daily sleep diaries and wrist actigraphy were used to mea-

sure changes in sleep. The diaries provided data for sleep-onset 
latency (SOL), wake after sleep onset (WASO), total sleep time 
(TST), time in bed (TIB), sleep efficiency (SE), and a sleep 
quality (SQ) self-rating question. Participants called responses 
each morning to a voice- mail service to avoid retrospective 
estimates of sleep during the 14-day baseline, post-treatment, 
and follow-up, and 6-wk treatment measurement periods. Daily 
diaries have been efficiently used in most of the treatment stud-
ies on insomnia in older adults.

The Actiwatch (Mini Mitter, Sunriver, OR, Model AW64), 
a lightweight activity monitor about the size of a sports watch, 
was worn on the nondominant wrist during nighttime sleep 
throughout the 14-day baseline, posttreatment, and follow-up 
measurement phases. The Actiwatch uses a piezoelectric accel-
erometer to detect physical movement. The data are stored in its 
memory at user-determined intervals for as long as needed. The 
movement data are translated to numeric digital data for analy-
sis. The data were analyzed with Sleepwatch software (Version 
3.4, Mini Mitter). “Lights out” and “final awakening” were re-
corded using the device’s event marker. Wrist actigraphy is a 
reliable, objective measure of sleep in persons with insomnia.30 
Wrist actigraphy is useful for measuring treatment outcomes31 
and was sensitive to the effects of behavioral treatment for in-
somnia in older adults.32

Clinical outcomes
The participants’ perception of insomnia was measured 

with the brief, self-report Insomnia Severity Index33 (ISI). 
The 7 ISI items measure perceived insomnia and its severity 
and effect on daily functioning using a 5-point Likert-type 
response format (0 to 4). The ISI scores can be placed in 4 
severity categories: absence of insomnia (0-7), subthreshold 
insomnia (8-14), moderate insomnia (15-21), and severe in-
somnia (22-28) to facilitate clinical interpretation. The ISI has 
established psychometric properties,33 is sensitive to change 
as an outcome of behavioral treatment for insomnia in older 
adults,34 and is used as a clinical significance indicator.35 Sig-
nificant others rated the insomnia severity of the participants 
using a parallel version of the ISI, the Significant Other Ques-
tionnaire, to validate treatment outcomes.35 Depression and 
anxiety were measured by the Geriatric Depression Scale36 
and the State-Trait Anxiety Inventory, respectively.37 Treat-
ment session attendance was recorded at each group and 
telephone session. Treatment compliance was self-rated at 
posttreatment using a Likert-type 5-point rating from “not at 
all” to “very much” (0 to 4). In addition, questions to ascer-
tain compliance with specific intervention recommendations 
were included in the treatment diaries. The questions were 
pertinent to the type of treatment received. For example, the 
SCT and MCI groups were asked about getting out of bed 
when awake longer than 15 min, whereas this question was 
not used for the SRT condition.

METHODS

Participants
Community-dwelling older adults with chronic primary in-

somnia were recruited through media advertisements in news-
papers, radio, and television. Participants were considered for 
inclusion if they were 55 yr or older; had sleep onset or main-
tenance insomnia of 45 min or longer per night for at least 3 
nights per wk as ascertained through 14 days of sleep diaries; 
had an insomnia duration of at least 6 mo; and complained of 
impaired daytime functioning as a consequence of insomnia. 
Exclusion criteria included psychopathology evidenced by 
the Brief Symptom Inventory27 (BSI) Global Severity Index T 
score > 60; cognitive impairment as ascertained by the Mini-
Mental State Examination28 score < 27; current psychotherapy 
or medical treatment for major depression or other psycho-
pathology; current and regular use of over-the-counter medi-
cation or prescription medication for sleep (verified through 
urinalysis), or any medication affecting sleep; a major physical 
or mental illness directly related to the onset and course of 
insomnia; substance abuse ascertained per interview; suspi-
cion of sleep apnea as determined by an Epworth Sleepiness 
Scale29 score of 11 or higher, a respiratory disturbance index > 
15 as established through in-home overnight use of the Eden-
Tec Model 3711 Digital Recorder (Nellcor Puritan Bennett, 
Pleasanton, CA), and interview with a bed partner, if available; 
suspicion of restless leg syndrome, periodic limb movement 
disorder, or circadian rhythm sleep disorders as determined 
through the participant and bed partner interviews. Human 
subject protection and research methods were approved by the 
medical center Institutional Review Board. Written informed 
consent was obtained from each participant. There was no 
compensation for participation.

Design
The study was a randomized trial using a wait-list control 

condition (WLC) to compare the efficacy of a multicompo-
nent behavioral intervention and its single components. A 
4 (group) × 4 (measurement occasions) factorial design with 
repeated measures on the second factor was used. Using a 
random numbers table, participants were assigned to 1 of 4 
conditions: MCI (SCT, SRT); SCT; SRT; or WLC. The study 
included a 2-wk baseline assessment, 6 wk of treatment, and 
a 2-wk posttreatment, 3-mo and 1-yr follow-up assessment. 
Treatment was conducted in waves so that the participants 
randomly assigned to the 4 conditions received treatment and 
assessments over an identical time period, i.e., the same start 
and end dates. Participants in the treatment conditions received 
the intervention immediately. Participants in the WLC group 
received delayed treatment; they were told they would receive 
behavioral intervention 10 wk later when the immediate treat-
ment conditions were completed. The WLC group’s delayed 
treatment was conducted apart from this study’s protocol and 
the data are not reported here.

Measures
The treatment and WLC conditions completed measures 

at baseline and post-treatment but only treated participants 
received the 3-mo and 1-yr follow-up measures. Sleep out-
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treatment condition, 2 levels for the pretreatment to posttreat-
ment time factor, an alpha of 0.05, and assuming a large ef-
fect size for time and an intermediate effect size for group, 
power was determined at 0.80 for group, 0.99 for pretreatment 
to post-treatment change, and 0.80 for interaction using 40 
participants per group. Therefore, a total sample size of 160 
participants was needed.

Descriptive statistics were used to characterize the partici-
pants in terms of demographic and clinical variables assessed 
during baseline. The chi-square test and one-way analysis of 
variance were used to examine differences in baseline charac-
teristics among the groups. The sleep outcomes were computed 
from daily sleep diary and actigraph data and averaged over the 
14-day period at each time point. The total scores on clinical out-
comes were calculated using available instrument instructions. 
Analysis of covariance (ANCOVA), using linear mixed mod-
els, was calculated to examine differences among the treatment 
groups and WLC group in posttest sleep and clinical outcomes 
with pretreatment scores used as covariates in the analysis. Sig-
nificant main effects were followed up with preplanned pair-
wise Tukey-Kramer tests. Repeated-measures ANCOVA was 
used to compare the 3 treatment groups over time. To determine 
any treatment differences over time, we tested the interaction 
between treatment and time. Significant interaction effects were 
followed by preplanned contrasts to determine where the differ-
ences occurred. To look at patterns of change over time, con-
trasts between pretreatment and post-treatment, post-treatment 
and 3 mo, post- treatment and 1 yr, and between 3 mo and 1 
yr were constructed. Analyses were performed using all avail-
able data, including participants who subsequently dropped out. 
Statistical analyses were done using SAS PROC Mixed, Version 
9.1.3 (SAS Institute Inc, Cary, NC). The formula for Cohen’s-d 
was used to calculate effect sizes for each treatment group com-
pared with the WLC group at posttreatment.47

A response and remission analysis was conducted. Because 
there are no standards available to determine response and re-
mission rates, we used guidance from the insomnia literature. 
We chose the ISI as the outcome for the analysis because it has 
a consensually recognized normative cutoff score,48 is a com-
monly used indicator of clinical significance,35 and was used in 
response and remission analysis in recent insomnia treatment 
studies.49,50 Furthermore, there is a recommended minimally 
important difference for the ISI, i.e., a 6-point reduction.51 A 
response to treatment was defined as an ISI change score of ≥ 6 
points from baseline to posttreatment. Remission from insom-
nia was a posttreatment ISI score < 8 (absence of insomnia). 
The chi-square test was used to compare proportions for treat-
ment response and remission among the four groups.

RESULTS

Sample
Figure 1 shows the flow of participants through the study. 

The major reason for exclusion (43%) was the use of hypnotic, 
antidepressant, and antianxiety agents.

Table 1 presents the demographic and clinical characteris-
tics of the sample. The 179 participants were primarily Cauca-
sian, female, married, and well educated. The participants had 
long-standing insomnia that was predominantly a sleep main-

Procedures and Treatments
Potential participants were initially screened by telephone to 

determine if they met the basic study criteria. The participants 
then received a sleep and health status interview to further as-
certain eligibility criteria, completed the baseline assessment, 
and took home a wrist actigraph, 2 wk of sleep diaries, and a 
Significant Other Questionnaire, if applicable. The participants 
whose baseline sleep diary data met the inclusion criteria were 
randomly assigned to the 4 treatment conditions.

The single-component treatment conditions were SCT and 
SRT.38 The amount of TIB scheduled for sleep restriction was 
never set below 5 hr. The MCI consisted of the two single-com-
ponent interventions. In the MCI condition, SCT was modified 
to accommodate SRT, i.e., participants were to go to bed only 
when sleepy but not before the scheduled bedtime. All treat-
ment conditions included sleep education and sleep hygiene 
instructions. Although we did not include a structured cogni-
tive therapy component, we incorporated a cognitive approach 
in a manner similar to that described by Sánchez-Ortuño and 
Edinger,39 i.e., within the context of a sleep education module, 
and as seen in studies labeled as “cognitive-behavioral treat-
ment of insomnia”.40,41 The module was tailored to older adults 
and focused on sleep processes and function, sleep architecture, 
sleep regulation, changes in sleep with aging, individual sleep 
needs, sleep expectations, the development and maintenance of 
insomnia, and supportive information about sleep. Sleep hy-
giene consisted of standard recommendations.42

The 3 treatment groups received 6 consecutive and concur-
rent weeks of intervention. Four wk of treatment were imple-
mented in a small group format with 4 to 6 participants. The 
final 2 wk of treatment were conducted by telephone. Each 
group and telephone session followed a standard format us-
ing a treatment manual based on several sources.15,42-45 The 
interventions were delivered in the first session, which lasted 
approximately 2 hr. The following 3 group sessions were ap-
proximately 1 hr in length and focused on reviewing diaries, 
discussing progress to date, troubleshooting, devising strategies 
to enhance treatment adherence, and adjusting TIB schedules 
for conditions with SRT. In each group session, bar graphs of 
the previous week’s sleep diary variables were used to shape 
awareness of change and address adherence. The telephone ses-
sions in wk 5 and 6 followed the same treatment structure as the 
group sessions and lasted approximately 15 min.

Treatment was implemented by a masters’ level psychiatric-
mental health clinical nurse specialist, with some substitution 
for vacations and illness by a PhD level nurse (DRE) with the 
same clinical background. The master’s level nurse was an ex-
perienced mental health therapist. The nurse was trained in the 
insomnia treatments by the first author. The training involved 
didactic presentation of basic sleep science and behavior ther-
apy for insomnia, observation of the first author delivering the 
MCI, and supervision in the delivery of a pilot MCI group. 
Therapy tapes during the study were used for weekly supervi-
sion to ensure treatment fidelity.

Data Analysis
The sample size was determined using a power analysis 

performed for WASO. Effect sizes were drawn from meta-
analyses.6,46 Based on the study design, using 4 levels for 
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(F3,175 = 5.82, P = 0.001). The SCT group had the highest mean 
value (Ps ≤ 0.01).

The results of comparisons among participants who dropped 
out and those who completed treatment on baseline demo-

tenance problem. For the demographic and clinical character-
istics, there were no differences among groups at baseline. For 
daily sleep diary and actigraph-measured sleep, the 4 groups 
were equivalent except on daily sleep diary measured SOL 

Figure 1—Participant flow and treatment assignment. WLC, wait-list control condition; MCI, multicomponent intervention; RDI, respiratory disturbance index; 
SCT, stimulus control therapy; SRT, sleep restriction therapy.

1410 Initial Phone Screen
441 Excluded

Not interested	 375
Did not meet initial telephone screening criteria	 66

790 Excluded
Missed appointment	 80
Hypnotic, anti-depressant, anti-anxiety agents	 421
Other sleep disorders	 122
RDI ≥ 15	 37
Did not meet insomnia criteria	 58
Medical/psychiatric conditions	 51
Substance Use	 5
Unable to complete sleep assessment	 16

969 Interviewed

179 Randomized

WLC
Assigned	 50
Completed	 38

MCI
Assigned	 41
Completed	 39

SRT
Assigned	 44
Completed	 39

SCI
Assigned	 44
Completed	 38

3 mo follow-up
Completed	 31

3 mo follow-up
Completed	 28

3 mo follow-up
Completed	 31

1 yr follow-up
Completed	 30

1 yr follow-up
Completed	 19

1 yr follow-up
Completed	 23

Table 1—Baseline demographic and clinical characteristics of participants

Characteristic, mean ± SD and % SCT (n = 44) SRT (n = 44) MCI (n = 41) WLC (n = 50)
Age 70.95 ± 8.33 68.00 ± 8.25 67.22 ± 6.55 69.50 ± 8.34 
Female 70.5 56.8 65.9 64.0
Married 63.6 65.9 53.7 58.0
Education, yr 15.81 ± 2.96 14.52 ± 2.86 14.46 ± 2.46 14.64 ± 2.35 
Caucasian 100 95.2 92.5 98.0
Insomnia duration, yr 8.23 ± 6.26 9.82 ± 8.06 9.94 ± 7.13 11.70 ± 12.62 
Type of insomnia

Initial 63.6 34.1 34.1 50.0
Middle 84.1 90.9 90.2 90.0
Mixed 47.7 25.0 24.4 40.0

Insomnia severity 16.20 ± 4.50 15.52 ± 3.96 14.95 ± 3.63 16.20 ± 4.35
Depression 11.00 ± 2.00 11.11 ± 2.41 11.20 ± 3.09 12.24 ± 34.18
State anxiety 30.75 ± 9.96 31.57 ± 9.73 30.17 ± 8.97 34.18 ± 10.04
Trait anxiety 32.36 ± 8.18 32.02 ± 7.72 31.95 ± 8.81 35.08 ± 10.09

MCI, multicomponent intervention; SCT, stimulus control therapy; SD, standard deviation; SRT, sleep restriction therapy; WLC, wait-list control condition.
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3-mo and 1-yr follow-up
Figure 2 depicts changes from posttreatment to 3 mo and 1 yr 

in the treatment groups. For diary measured outcomes, TST for 
the SRT condition significantly increased over time (F2,156 = 5.84, 
P = 0.004) from posttreatment to 3 mo (P = 0.04). TIB changed 
significantly over time (F2,156 = 12.26, P < 0.0001) and by con-
dition (F4,156 = 2.92, P = 0.0230). Post hoc tests revealed the 
MCI and SRT groups increased TIB (Ps ≤ 0.03) and in com-
parison to the SCT condition (Ps ≤ 0.022) over the follow-up 
phases. There were no significant changes during the follow-up 
phases for diary-measured SOL, WASO, SE, and SQ. Actigraph 
measured TIB changed significantly over the follow-up phase 
(F2,137 = 3.17, P = 0.05). There was an increase in TIB for the 
SRT group from posttreatment to 1 yr compared with the SCT 
group (P = 0.0288). Actigraph-measured SOL, WASO, TST, and 
SE did not change significantly over the follow-up period.

Clinical Outcomes
Table 2 provides the adjusted means, Cohen’s-d effect sizes, 

and comparisons among groups at posttreatment for insomnia 
severity reported by participants, anxiety, and depression. There 
was a significant between-group difference at posttreatment for 
insomnia severity. The treatment participants rated their insom-
nia as less severe than the WLC group (Ps < 0.0001). There 
were no differences among the 3 treatment groups and no 
change during the follow-up period. At baseline, the significant 
others (n = 99) who completed the ISI were primarily spouses 
(88.88%) and 86.86% shared the bedroom. Significant others’ 
rating of insomnia severity were comparable for all groups at 
baseline but differed at posttreatment (F3,70 = 8.10, P = 0.0001). 
The significant others indicated the participants’ insomnia was 
less severe in the SCT, SRT, and MCI groups than the WLC 

graphic and clinical variables showed that dropouts tended to 
be older males (F1,177 = 6.60, P = 0.011; F1,177 = 4.91, P = 0.028) 
with more severe insomnia (F1,177 = 4.64, P = 0.033).The study 
attrition rate differed by group (F3,175 = 8.45, P < 0.0001). The 
MCI condition had a significantly lower dropout rate than the 
SCT, SRT, and WLC groups (Ps < 0.05). The SCT condition 
had a lower attrition rate than the control group (P = 0.004). The 
study’s overall attrition rate was 38.54%. Participants dropped 
out of the treatment mainly because they disliked the interven-
tion or started a sleep medication.

Sleep Outcomes

Posttreatment
Table 2 presents the adjusted means, Cohen’s-d effect sizes, 

and comparisons among the 3 treatment and the WLC groups 
for sleep diary and actigraphy variables. There were signifi-
cant between-group differences at posttreatment for all diary 
outcomes. The treatment groups differed significantly from the 
WLC condition in the expected directions (Ps ≤ 0.031). There 
were no significant differences among the 3 treatment groups. 
There were significant between-group differences for actigraph 
measured outcomes except TST. The SRT and MCI groups had 
significantly lower SOL (Ps ≤ 0.003) and WASO (Ps ≤ 0.031), 
and higher SE (Ps ≤ 0.007) than the WLC group. The SRT group 
had significantly less TIB than the WLC group (P = 0.023). 
There were no significant differences among the 3 intervention 
groups for actigraphy variables. All treatments showed a large 
effect size for self-reported sleep outcomes, with the exception 
of the moderate effect size for SRT on TST. Effect sizes were 
small to large in magnitude for all treatment groups on actigraph 
measures except TST in the SCT group, which showed no effect.

Table 2—Adjusted results for posttreatment comparisons (adjusted mean, standard error)

Baseline 
mean SCT

Cohen’s-d 
ES SRT

Cohen’s-d 
ES MCI

Cohen’s-d 
ES WLC

F value, P value, Tukey 
significant differences

Diary
SOL, min 37.97 17.04 (2.99) 1.44 23.60 (2.85) 1.11 20.46 (2.88) 1.28 43.24 (2.84) 16.87*,a,b,c

WASO, min 73.48 40.32 (4.17) 1.04 36.27 (4.12) 1.19 32.38 (4.10) 1.35 66.91 (4.10) 14.49*,a,b,c

TST, min 335.48 380.30 (6.33) 1.08 362.81 (6.23) 0.63 374.00 (6.24) 0.92 338.26 (6.24) 8.75*,a,b,c

TIB, min 504.13 463.16 (6.39) 0.84 447.47 (6.29) 1.24 446.65 (6.30) 1.26 496.19 (6.32) 13.44*,a,b,c

SE, % 66.38 81.52 (1.19) 1.80 81.05 (1.18) 1.74 84.14 (1.18) 2.15 68.29 (1.18) 36.34*,a,b,c

SQ+ 2.66 3.00 (0.06) 1.06 2.90 (0.06) 0.80 2.96 (0.06) 1.00 2.58 (0.06) 8.95*,a,b,c

Actigraphy
SOL, min 19.59 15.08 (2.71) 0.59 11.15 (2.79) 0.83 9.57 (2.76) 0.93 24.75 (2.69) 6.25*,b,c

WASO, min 36.33 33.84 (2.72) 0.38 26.28 (2.80) 0.85 29.35 (2.77) 0.65 40.13 (2.70) 4.79*,b,c

TST, min 418.54 400.75 (9.12) 0.00 389.94 (9.39) 0.19 394.97 (9.29) 0.10 400.52 (9.05) 0.31ns

TIB, min 487.36 462.22 (9.37) 0.29 439.48 (9.65) 0.69 445.04 (9.57) 0.58 478.47 (9.34) 3.43**,c

SE, % 86.03 86.73 (1.10) 0.46 88.95 (1.13) 0.80 88.82 (1.12) 0.77 83.69 (1.09) 4.95*,b,c

Clinical outcomes
Insomnia severity 15.75 9.36 (0.71) 1.22 9.54 (0.73) 1.18 9.23 (0.71) 1.24 14.48 (0.68)  14.13*,a,b,c

State anxiety 31.78 31.38 (1.26) 0.24 27.84 (1.31) 0.70 31.37 (1.27) 0.24 33.23 (1.25) 3.04**,c

Trait anxiety 32.94 31.22 (0.86) 0.29 30.23 (0.90) 0.47 30.69 (0.86) 0.38 32.73 (0.85) 1.57ns

Depression 11.42 11.41 (0.27) 0.15 10.15 (0.28) 0.93 10.85 (0.27) 0.50 11.66 (0.26)  6.14*,c,d

*P < 0.01, **P < 0.05, nsnonsignificant, aSCT vs. WLC, bMCI vs. WLC, cSRT vs. WLC, dSCT vs. SRT, +1 = very restless to 5 = very sound. MCI, multicomponent 
intervention; SCT, stimulus control therapy; SE, sleep efficiency, SOL, sleep-onset latency; SQ, sleep quality; SRT, sleep restriction therapy; TIB, time in bed; 
TST, total sleep time; WASO, wake after sleep onset; WLC, wait-list control condition.
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overall mean compliance rates calculated from the daily sleep 
diaries for each treatment condition were 89.3% (± 9.5) for 
SCT, 87.3% (± 10.2) for SRT, and 90.0% (± 8.5) for MCI. There 
were no significant differences among groups.

Treatment Response and Remission
Treatment response was achieved by 42.18% of all partici-

pants and 51.80% of treated participants. The SCT group had 
the largest proportion of responders (56.76%) followed by the 
SRT (50.00%), MCI (48.65%), and WLC (15.38%) conditions 
(χ2 = 16.19, P = 0.001). Remission was attained by 24.02% of all 
participants and 32.06% of treated participants. The MCI con-
dition had the largest proportion of participants who remitted 
(43.90%), followed by the SCT (29.55%), SRT (22.73%), and 
WLC (4.00%) groups (χ2 = 20.64, P = 0.0001). Figure 3 illus-
trates the response and remission rates across the 4 conditions.

DISCUSSION
To our knowledge, this is the first report of a study in older 

adults comparing a behavioral treatment package for insom-
nia with its component interventions. The results of the cur-
rent study provide initial evidence that SCT, SRT, and MCI are 
equivalent in improving diary- and actigraph-measured sleep 
in older adults with chronic primary insomnia. The behavioral 
treatments, in single and multicomponent form, were superior to 
the control condition. This finding supports immediate and long-
term benefits found in other older adults studies using similar 
treatments.10-13,21 In the current study, post-treatment compari-
sons between the intervention conditions and the control group 
produced large effect sizes for diary-measured sleep. Medium to 
large effect sizes for self-reported sleep outcomes (SOL, WASO, 

group (Ps ≤ 0.02). There were no changes in significant others’ 
rating of insomnia severity over the follow-up phases.

There were no significant changes in trait anxiety at post-
treatment or over the follow-up period. There were significant 
between-group differences for state anxiety at posttreatment 
(F 3,141 = 3.04; P = 0.0310). The SRT group had lower state anx-
iety than the WLC group (P = 0.018). There was a significant 
change over time in state anxiety (F2,153 = 188.02, P < 0.0001). 
Post hoc tests revealed that the SCT, MCI, and SRT groups 
decreased anxiety from posttreatment to 1 yr (Ps = 0.0001). 
At posttreatment, there were significant between-group differ-
ences for depression (F3,142 = 6.14, P = 0.0006). The SRT group 
had less depression than the SCT (P = 0.007) and WLC groups 
(P = 0.0007). There was a significant change in depression over 
the follow-up period (F2,153 = 3.92, P < 0.0218). There was a dif-
ference between the MCI and SRT groups from posttreatment 
to 1 yr (P = 0.011) and 3 mo to 1 yr (P = 0.026). Depression 
increased slightly in the MCI group whereas it decreased in the 
SRT condition.

Treatment Attendance and Compliance
Participants attended an average of 5.86 (± 0.35), 5.60 

(± 0.55), and 5.83 (± 0.45) sessions in the SCT, SRT, and MCI 
conditions, respectively. There was a significant difference in 
the number of session attended among groups (F2,104 = 3.48, 
P = 0.034). The SCT and MCI participants attended more ses-
sions than those in the SRT condition (Ps ≤ 0.034). Participants’ 
and significant others’ rating of compliance to treatment recom-
mendations revealed no significant posttreatment differences 
among the conditions. All participants and significant others 
rated compliance equally high (≥ 3.00 on 0 to 4 scale). The 

Figure 2—SCT, SRT, and MCI diary and actigraphy outcomes at posttreatment, 3 mo, and 1 yr. MCI, multicomponent intervention; SCT, stimulus control 
therapy; SE, sleep efficiency; SOL, sleep-onset latency; SRT, sleep restriction therapy; TIB, time in bed; TST, total sleep time; WASO, wake after sleep onset.
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gle-component treatments and twice the rate of the SRT con-
dition. Because remission is the goal of therapy, intervention 
should include strategies with the greatest likelihood of achiev-
ing remission. The lower dropout rate in the MCI group is an 
additional clinically meaningful factor that contributes to sup-
port for MCI versus the single-component interventions.

The study has several limitations. This was a highly se-
lected sample of primarily Caucasian and well-educated older 
adults, which limits the generalizability of the findings. Fur-
thermore, the differences between those who dropped out and 
those who remained in the study suggest the findings may not 
generalize to older men with severe insomnia. The screening 
assessment of psychopathology and other sleep disorders was 
limited; therefore, participants’ presenting insomnia symptoms 
may have been associated with mental health and occult sleep 
disorders. The design would have been strengthened by a con-
trol group with nonspecific treatment factors to determine if the 
positive findings were due to the treatment or elements such as 
therapist contact and treatment attendance. This study used 1 
therapist to deliver the intervention. The study would have been 
better balanced by several therapists with different educational 
background and representing multiple disciplines. Behavioral 
treatment for insomnia is based in psychological theory and has 
been delivered primarily by psychologists or psychology grad-
uate students. The current study and others17,56 provide support 
for supervised masters-level psychiatric-mental health nurses 
to deliver behavioral intervention for primary and comorbid 
insomnia. Nurses without graduate degrees or mental health 
background have been trained to effectively treat patients with 
a psychologist’s supervision.57 The use of nurses as therapists 
could address the need for skilled practitioners and improve ac-
cess to insomnia treatment in routine clinical practice settings.38

The current findings are applicable to older adults with pri-
mary insomnia. Treatment studies indicate that positive out-
comes are achievable for insomnia in the context of medical 
and psychiatric conditions.17,49,56,58 In clinical practice, the use 
of 1 treatment over another may be driven by patient character-
istics such as contraindications for the use of SRT, frail and mo-
bility-impaired patients who cannot get out of bed easily during 

SE, and SQ) were found in a meta-analysis of randomized con-
trolled trials of cognitive-behavioral treatment packages, behav-
ioral treatments, and relaxation-based interventions for primary 
insomnia in middle-aged and older adults.5 The effect sizes ob-
tained for self-reported SOL, TST, and SQ were comparable to 
or larger than those found in a meta-analysis of the efficacy of 
benzodiazepines and zolpidem for chronic insomnia.52

The immediate sleep outcomes for all treatment conditions 
were essentially maintained through 1 yr after treatment com-
pletion. An increase in TST and TIB were found for the SRT and 
MCI groups over the follow-up period and in comparison with 
the SCT condition. These changes most likely reflect an easing 
of SRT recommendations over time by the participants. We set 
the initial sleep prescription at the average TST, rather than an 
alternative method that adds 30 min to accommodate normative 
amounts of nighttime wakefulness.53 This manipulation of the 
homeostatic sleep mechanism may have created daytime sleep-
iness. Therefore, once treatment was completed participants 
continued to increase their TIB and TST. Other studies in older 
adults using sleep restriction as a single treatment and in MCI 
have noted increases in TST at follow-up.15,21,54

Equivalent clinical outcomes were also found in comparisons 
among the SCT, SRT, and MCI groups. The reduction in per-
ceived insomnia severity and its effect was comparable among 
the treatment conditions. Clinically significant improvement 
was reflected in the change from moderately severe insomnia 
at baseline to the subclinical insomnia range at posttreatment 
and in significant others’ validation of the participants’ self-
report and maintenance of treatment effect. Treatment studies 
in older adults have included insomnia severity assessment for 
almost 2 decades with consistent demonstration of improve-
ment,11,13,21,23,34 including significant others’ reports.21,34

Although there was a statistically significant difference 
among treatment groups for depression at posttreatment, over-
all, the change in mood was minimal and not clinically signifi-
cant. At baseline the participants’ depression ratings were at or 
slightly above the established cutoff score of 11 on the Geriatric 
Depression Scale.36 The participants’ anxiety levels at baseline 
were below the average normative score seen in older working 
adults.55 Insomnia treatment studies of older adults with prima-
ry insomnia have found modest and no differences in anxiety 
and depression at posttreatment.11,12,18,21 Persons with significant 
psychopathology are typically excluded from primary insom-
nia studies.35 This study did not use a structured psychiatric 
interview; therefore, symptoms of psychopathology were not 
formally ruled out. A structured psychiatric assessment would 
have placed more confidence in the report of mood.

One explanation for the lack of statistically significant sleep 
outcome differences among treatment conditions is that stimu-
lus control and sleep restriction each address the circadian tim-
ing and sleep homeostasis factors underlying the maintenance 
of chronic insomnia. Conditioned aspects of insomnia may 
have been addressed through SRT and SCT, which build the 
sleep drive and consolidate sleep so the behaviors that contrib-
ute to conditioning did not emerge. Because all treatments were 
efficacious, single-component treatment may be sufficient for 
older adults with primary insomnia; however, the remission 
analysis provides an alternative interpretation. In the current 
study, the MCI group had a higher remission rate than the sin-

Figure 3—Response and remission rates among the four conditions. 
MCI, multicomponent intervention; SCT, stimulus control therapy; SRT, 
sleep restriction therapy; WLC, wait-list control condition.
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the night to follow SCT, or when a behavioral treatment may in-
crease anxiety. Additional studies are needed to test the effect of 
a dismantled MCI approach on sleep and remission outcomes in 
persons with medical and psychiatric co-morbidities.
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