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Background: Chronic insomnia is a common health
problem with substantial consequences in older adults.
Cognitive behavioral treatments are efficacious but not
widely available. The aim of this study was to test the efficacy of brief behavioral treatment for insomnia (BBTI)
vs an information control (IC) condition.
Methods: A total of 79 older adults (mean age, 71.7 years;
54 women [70%]) with chronic insomnia and common
comorbidities were recruited from the community and
1 primary care clinic. Participants were randomly assigned to either BBTI, consisting of individualized behavioral instructions delivered in 2 intervention sessions and 2 telephone calls, or IC, consisting of printed
educational material. Both interventions were delivered
by a nurse clinician. The primary outcome was categorically defined treatment response at 4 weeks, based on sleep
questionnaires and diaries. Secondary outcomes included self-report symptom and health measures, sleep
diaries, actigraphy, and polysomnography.
Results: Categorically defined response (67% [n=26]

vs 25% [n=10]; 2 = 13.8) (P ⬍.001) and the proportion

of participants without insomnia (55% [n=21] vs 13%
[n=5]; 2 =15.5) (P⬍.001) were significantly higher for
BBTI than for IC. The number needed to treat was 2.4
for each outcome. No differential effects were found for
subgroups according to hypnotic or antidepressant use,
sleep apnea, or recruitment source. The BBTI produced
significantly better outcomes in self-reported sleep and
health (group⫻ time interaction, F5,73 =5.99, P⬍.001),
sleep diary (F 8,70 = 4.32, P ⬍ .001), and actigraphy
(F4,74 =17.72, P ⬍.001), but not polysomnography. Improvements were maintained at 6 months.
Conclusion: We found that BBTI is a simple, efficacious, and durable intervention for chronic insomnia in
older adults that has potential for dissemination across
medical settings.
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NSOMNIA IS DEFINED BY DIFFI culty falling asleep, difficulty staying asleep, nonrestorative sleep,
and waking symptoms such as fatigue, impaired concentration,
and mood disturbance.1,2 The prevalence
of insomnia is approximately 5% to 20%
in the general adult population3 and 20%
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to 30% in primary care medical settings.4,5 Insomnia is commonly comorbid with physical and mental disorders6
and chronic, persisting for a year or longer
in 74% of individuals.7 The health and
functional consequences of insomnia include reduced quality of life, increased
health care utilization and costs, disability, and risk for psychiatric disorders and
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cardiovascular disease.8,9 Insomnia is especially relevant for older adults, given its
high prevalence (estimated at 15%-35%),
persistence, and association with falls and
hip fractures.3,10 Older adults are prescribed hypnotic agents disproportionately frequently and for disproportionately long-term use and are more likely
than other populations to experience adverse drug effects.3,11-14
Pharmacologic and behavioral treatments for chronic insomnia have approximately equivalent efficacy.15,16 Each has specific merits and drawbacks. Hypnotic agents
approved by the US Food and Drug Administration, including benzodiazepine receptor agonist (BZRA) drugs, are widely
available, easy to use, and have rapid and
sustained efficacy.15,17,18 However, BZRA
safety concerns include dependence and
abuse, cognitive impairment, and increased risk of falls and hip fractures, par-
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372 Assessed for eligibility
222 Excluded
22 Untreated psychiatric disorder
44 Did not meet insomnia criteria
47 Other untreated sleep disorder
77 Unable or unwilling to participate
22 Other reasons
150 Consented
68 Excluded
12 Untreated psychiatric disorder
6 Did not meet insomnia criteria
17 Untreated sleep apnea
18 Other untreated sleep disorder
15 Other reasons

use. For a behavioral treatment to be relevant in general
medical settings, it must be brief, acceptable to patients,
deliverable by nurses or other allied health professionals,
and efficacious over a short time interval in patients with
typical comorbidities. We studied older adults because of
the prevalence and consequences of insomnia and the potential safety benefits of a nondrug treatment in this group.
The specific aim of this study was to test the short-term
efficacy and 6-month durability of brief behavioral treatment for insomnia (BBTI) vs an information control (IC)
intervention among older adults with insomnia.
METHODS

OVERVIEW

82 Randomized

Brief behavioral
treatment for insomnia
(BBTI)

Information
control

42 Assigned to receive intervention
39 Received assigned intervention
3 Did not receive assigned
intervention
1 Withdrawn prior to BBTI due to
emergency surgery
1 Withdrawn prior to BBTI due to
medical problem in family
member
1 Withdrawn because of incorrect
diagnosis

0 Lost to follow-up
1 Discontinued intervention

39 Included in analysis
0 Excluded from analysis

40 Assigned to receive intervention
40 Received assigned intervention
0 Did not receive assigned
intervention

After recruitment, screening, and baseline assessments, participants were randomly assigned to BBTI or IC, and primary
outcomes were assessed after 4 weeks. Outcomes included questionnaires, sleep diary, actigraphy, and polysomnography (PSG).
The University of Pittsburgh Biomedical institutional review
board approved the study. All participants provided written informed consent and were financially compensated. An earlier
publication reported on a subset of self-reported outcomes in
35 participants.25

PARTICIPANTS

0 Lost to follow-up
0 Discontinued intervention

40 Included in analysis
0 Excluded from analysis

13 Did not enter follow-up
26 Entered follow-up
25 Complete six-month follow-up

Figure 1. Study flowchart.

ticularly in older adults.14,19,20 Behavioral and psychological techniques include sleep education, restriction of time
in bed, stimulus control (strengthening associations between bed and sleep), and addressing anxiety-provoking
beliefs about sleep.21 These treatments, particularly multicomponent cognitive behavioral therapy for insomnia
(CBTI), are often preferred by patients22 and have consistent short-term and long-term efficacy23,24 with few apparent adverse effects. However, widespread use of CBTI
is limited by the number of specialty-trained clinicians and
by the duration, intensity, and initial cost of 6 to 8 individual treatment sessions. Moreover, most efficacy trials
of pharmacologic and behavioral treatments have studied patients with primary insomnia and excluded the larger
group of patients with substantial medical and psychiatric comorbidities, which includes many older adults.
The present study was conducted to test a behavioral
treatment of insomnia that offers potential for widespread

A convenience sample of 82 older adults with chronic insomnia
was recruited from a single primary care practice (n=21) or from
the community via advertisements (n=61). Participants met criteria for primary insomnia in the Diagnostic and Statistical Manual
of Mental Disorders (Fourth Edition, Text Revision) (DSM-IV-TR)2
and for general insomnia disorder in the International Classification of Sleep Disorders (Second Edition) (ICSD-2),1 verified by
self-report questionnaires and structured clinician interviews.
These criteria specify a sleep complaint lasting for at least 1 month;
adequate opportunity and circumstances for sleep; and significant distress or daytime impairment. To enhance generalizability and clinical relevance, we did not apply quantitative selfreport or objective sleep criteria for sleep latency, wakefulness,
or total sleep time, or the DSM-IV-TR exclusion criteria for medical or psychiatric disorders. Therefore, our participants would
be considered to have “comorbid insomnia.”26 Exclusion criteria were dementia; untreated psychiatric, substance use, or other
sleep disorder; recent hospitalization; ongoing chemotherapy or
other cancer treatment; and life expectancy less than 6 months.
Individuals with treated depressive, anxiety, or sleep disorders
were not excluded. Previously diagnosed and treated sleep apnea was not an exclusion, but the final sample did not include
any such participants.
Potential subjects were evaluated with a telephone screening interview followed by in-person assessments. Sleep diaries; structured interviews; locally developed sleep, medical history, and medication surveys; and sleep and psychiatric symptom
questionnaires were used for assessment and diagnosis. Figure 1
illustrates participant flow, and Table 1 summarizes pretreatment clinical characteristics.

INTERVENTIONS
Eligible participants were randomly assigned to BBTI or IC by
permuted block design (block size, 4), stratified by age (ⱕ75
vs ⬎75 years) and sex. The BBTI consists of a 45- to 60-minute
individual intervention session followed by a 30-minute fol-
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Table 1. Baseline Demographic and Clinical Characteristics a
BBTI
(n = 39)

Characteristic
Age, y
Female
White
Subjective socioeconomic status score (1, highest; 9, lowest)
Education
ⱕHigh school
Trade or technical school
College
Postgraduate
Medical and psychiatric status
Chronic health conditions
Current medications b
Currently taking sleep medication
Major depression (PHQ)
Other anxiety disorder (PHQ)
Alcohol abuse (PHQ)
Currently taking antidepressant
Screening polysomnography
Apnea-hypopnea index c
Apnea-hypopnea index ⬎5
Desaturation index d
Periodic limb movement arousal index b

IC
(n = 40)

Statistical Findings

72.5 (6.6)
26 (67)
36 (92)
4.0 (1.6)

70.8 (7.8)
28 (70)
38 (95)
3.4 (1.4)

t77 = 1.04, P =.30
12= 0.10, P =.75
Fisher exact, P=.68
t77 = 1.83, P =.07

7 (18)
4 (10)
15 (38)
13 (33)

7 (18)
3 (8)
18 (45)
12 (30)

Fisher exact, P=.96

5.5 (2.6)
5.3 (3.0)
12 (31)
0
1 (3)
0
7 (18)

5.5 (3.0)
5.1 (3.1)
17 (43)
0
0
0
2 (5)

t77 = −0.06, P=.95
t77 = 0.30, P =.76
12= 1.17, P =.28
NA
NA
NA
Fisher exact, P=.09

9.0 (5.4) (n = 38)
28 of 39 (72)
3.0 (3.3) (n = 38)
6.0 (4.5) (n = 38)

7.9 (5.5) (n = 39)
25 of 29 (64)
3.0 (3.3) (n = 39)
5.6 (5.1) (n = 39)

t76 = 0.88, P =.38
12= 0.53, P =.47
t75 = 0.72, P =.47
t75 = 0.51, P =.61

Abbreviations: BBTI, brief behavioral treatment for insomnia; IC, information control; NA, not applicable; PHQ, Patient Health Questionnaire.27
a Unless otherwise indicated, data are reported as number (percentage) or mean (SD).
b Square root (x ⫹0.1) transformation used for statistical analysis.
c Square root transformation used for statistical analysis.
d Natural log (x⫹ 0.1) transformation used for statistical analysis.

low-up session 2 weeks later and 20-minute telephone calls after 1 and 3 weeks (eAppendix; http://www.archinternmed
.com). The BBTI emphasizes behavioral elements of insomnia
treatment rather than the cognitive components present in CBTI.
The BBTI includes sleep education and discussion of homeostatic and circadian mechanisms of human sleep regulation.28
This education provides the rationale for the 4 main interventions of BBTI: (1) reduce time in bed; (2) get up at the same
time every day, regardless of sleep duration; (3) do not go to
bed unless sleepy; and (4) do not stay in bed unless asleep. Napping is discouraged. These interventions derive from sleep restriction and stimulus control techniques, the efficacy of which
has been well documented.16,29 Time in bed was limited to average self-reported sleep time plus 30 minutes, with a minimum of 6 hours.
The IC condition was intended to emulate the behavioral
treatment information generally to available patients and practitioners and included instructions to read and review 3 publications from the American Academy of Sleep Medicine: Insomnia,30 Sleep as We Grow Older,31 and Sleep Hygiene.32 The
content of these publications overlaps substantially with BBTI
but without individualized behavioral instructions. Two weeks
later, IC participants received a 10-minute follow-up telephone call to encourage continued participation. Participants
were referred back to the brochures for specific sleep-related
questions.
Both interventions were delivered by a single master’s level
mental health nurse practitioner (L.K.B.) with no prior experience in sleep medicine or behavioral interventions for insomnia. This choice was consistent with the balance between efficacy and effectiveness research we sought to achieve in this study.
Further information regarding the interventions, training, participants’ treatment expectations, acceptance, integrity of treatment delivery, and outcomes is presented in the eAppendix.

MEASURES
Participants provided demographic information; completed retrospective self-report questionnaires, interviewer-administered
questionnaires, and 2-week sleep diaries; and underwent actigraphy and in-home PSG studies both prior to treatment and 4
weeks after the start of the intervention. Participants who showed
a favorable short-term response to the BBTI were recontacted after 6 months to complete questionnaires and sleep diaries. We
did not systematically follow up with the BBTI nonresponders
and IC participants because of our conceptual model: we assumed that in clinical practice, nonresponders would be offered other treatment such as medication. All IC participants were
offered BBTI following the initial 4-week treatment period.
Demographic information included age, sex, race, highest
educational level, and subjective socioeconomic status (SES)
using the SES Ladder.33,34 Medical status was evaluated with a
comorbidity questionnaire adapted from the Charlson Comorbidity Index,35,36 with an expanded range of health conditions.
Current medications were grouped into 15 categories. Healthrelated quality of life was characterized with a single item on
self-reported health from the Medical Outcomes Study 36Item Short Form Health Survey.37,38 Neuropsychiatric status was
characterized using the Patient Health Questionnaire,27 the 17item Hamilton Rating Scale for Depression,39 the Hamilton Anxiety Rating Scale,40 and the Mini–Mental State Examination.41
Subjective sleep quality was characterized with the Pittsburgh
Sleep Quality Index (PSQI)42 and sleepiness with the Epworth
Sleepiness Scale.43
The Pittsburgh Sleep Diary44 is a daily self-report measure
of bed time and rise time, sleep onset latency (SOL), wakefulness after sleep onset (WASO), and sleep quality (visual analog scale). Reported sleep parameters are used to calculate time
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Table 2. General Clinical and Sleep Measures
BBTI

Measurement Scale

Pretreatment/
Posttreatment
Score, Mean (SD)

Hamilton Rating Scale 7.46 (0.39)/4.98 (0.48)
for Depression39
5.39 (0.36)/3.61 (0.43)
Hamilton Anxiety
Rating Scale40
10.44 (0.48)/6.89 (0.48)
Pittsburgh Sleep
Quality Index42
6.21 (0.60)/5.90 (0.56)
Epworth Sleepiness
Scale43
72.51 (2.84)/76.36 (2.77)
SF-3637,38

IC
Difference (SE)
[95% CI]

Pretreatment/
Posttreatment
Score, Mean (SD)

Difference (SE)
[95% CI]

BBTI−IC Difference,
(SE) [95% CI],
Cohen d Effect Size

−2.48 (0.49) [−3.45 to −1.51]

7.93 (0.39)/7.35 (0.47)

−0.58 (0.47) [−1.52 to 0.37]

−1.91 (0.68) [−3.26 to −0.56], 0.64

−1.78 (0.38) [−2.54 to −1.02]

5.88 (0.35)/5.10 (0.42)

−0.78 (0.36) [−1.50 to −0.05] −1.00 (0.53) [−2.05 to 0.05], 0.43

−3.55 (0.45) [−4.44 to −2.66] 10.38 (0.47)/9.83 (0.47)

−0.55 (0.44) [−1.42 to 0.32]

−3.00 (0.62) [−4.24 to −1.76], 1.10

−0.31 (0.42) [−1.14 to 0.52]

−0.78 (0.41) [−1.60 to 0.05]

0.47 (0.59) [−0.71 to 1.64], 0.18

67.53 (2.81)/65.20 (2.73) −2.33 (1.73) [−5.78 to 1.12]

6.18 (2.47) [1.27 to 11.09], 0.57

3.85 (1.76) [0.35 to 7.34]

7.29 (0.60)/6.51 (0.55)

Abbreviations: BBTI, brief behavioral treatment for insomnia; CI, confidence interval; IC, information control; SF-36, Medical Outcomes Study 36-Item Short Form
Health Survey.

in bed, total sleep time (TST), and sleep efficiency (SE, calculated as TST/time in bed⫻100). The Pittsburgh Sleep Diary is
sensitive to differences between patients with sleep disorder and
controls44 and to behavioral treatment effects.25 Mean values
for the final 2 weeks of the intervention period were used in
outcome analyses.
Wrist actigraphy data (Minimitter Actiwatch-64; Minimitter, Bend, Oregon) were collected for 2 weeks with concurrent data from sleep diaries to determine objective sleep-wake
patterns. One-minute epochs were analyzed with Actiware software, version 5.04 using sleep diary data to identify bed time
and wake time. In cases where visual inspection showed an obvious discrepancy between diary sleep times and observed activity patterns, actigraphy bed and/or rise times were edited
(fewer than 4% of daily records). Outcome variables included
SOL, WASO, TST, and SE.
Polysomnography was conducted in participants’ homes at
their usual sleep times using Compumedics Siesta (Compumedics Limited, Abbotsford, Victoria, Australia) monitors. One
screening PSG was obtained to quantify apnea and periodic limb
movements, and 2 additional consecutive nights were collected at both pretreatment baseline and after treatment. The
eAppendix provides details of PSG recording and scoring; PSG
outcome measures included SOL, WASO, TST, and SE averaged over 2 nights.

mately −6 in the Insomnia Severity Index (ISI),47 which has been
validated as a clinically significant change. As an additional measure of clinical significance, we ascertained whether each participant met DSM-IV-TR and/or ICSD-2 criteria for insomnia
disorder after treatment using a structured interview and checklist. We calculated the number needed to treat and the absolute risk reduction associated with BBTI compared with IC using
these categorical outcomes. We also conducted a series of subgroup analyses to confirm the general pattern of findings, using
Fisher exact statistics (eTable 1 and eTable 2).
Secondaryoutcomesfor4domainsofcontinuousvariables(general clinical and sleep measures, sleep diary, actigraphy, and PSG)
were evaluated by repeated-measures multivariate analyses of variance (MANOVA). Factors were group (BBTI vs IC), time (pretreatment or posttreatment), and group⫻time interaction. Prior
to the MANOVA, missing data were imputed from least squares
mean values for each group using univariate mixed models (eAppendix). The MANOVA interaction effects were further explored with mixed models for individual outcomes (Tables 2,
3, 4, and 5). Although many sleep measures have skewed distributions, sensitivity analyses showed that significant interaction effects were unchanged with either raw or transformed data.
We report individual outcomes in their original units to facilitate clinical interpretation. Statistical analyses were conducted
using SAS software, version 9.2 (SAS Institute Inc, Cary, North
Carolina).

STATISTICAL ANALYSIS
All analyses were based on intention to treat. Three BBTI participants were excluded: 1 required back surgery before starting intervention; 1 withdrew prior to intervention owing to her
spouse’s medical illness; and 1 was found not to meet inclusion criteria. Participant characteristics for the intervention
groups were compared using t tests, 2 tests, and Fisher Exact
statistics. For the primary outcome analyses, 4 categorical outcomes were compared using 2 tests: response (change in PSQI
score of ⱖ3 points or increase in sleep diary SE of ⱖ10%); remission (response criterion plus final PSQI score of ⬍5 and sleep
diary SE of ⬎85%, corresponding to “good sleep” values42,45);
partial response (improvement in PSQI or SE but worsening
in the other measure); and nonresponse (change in PSQI of ⬍3
points and increase in sleep diary SE of ⬍10%).
There are no generally accepted criteria for response or remission in insomnia treatment studies.46 Our response criteria
are supported by 3 types of data (eAppendix): (1) they correspond to approximately 1 standard deviation of the pretreatment values (Cohen d effect size of approximately 1.0); (2) they
are consistent with mean change values in published clinical
trials; and (3) they correspond to a change score of approxi-

RESULTS

GENERAL RESULTS
The most frequent reason for exclusion was clinical or
PSG evidence of untreated apnea, other sleep disorder,
or psychiatric disorder (Figure 1). Excluded subjects differed from included subjects in the percentage of men
(53% [n=36] vs 32% [n=25]), but not in age, sex, race,
medical comorbidities, or PSQI score (eTable 1). Treatment groups did not differ significantly in sociodemographic or clinical characteristics (Table 1). Participants tolerated the interventions well: 1 BBTI participant
dropped out owing to an unrelated medical problem; 92%
of BBTI participants (n = 36) and 100% of IC participants (n=40) completed all scheduled in-person and telephone sessions, and no significant adverse effects were
reported.
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Table 3. Sleep Diary Measures
BBTI
Pretreatment/
Posttreatment,
Mean (SD)

Characteristic
Bed time, min
from midnight
Morning rise time,
min from 7:00 AM
Time spent
in bed, min
Sleep latency,
min
Wake after sleep
onset, min
Total sleep
time, min
Sleep
efficiency, %
Sleep quality,
0-100

−35.19 (8.33)/
−19.87 (7.90)
−24.12 (11.59)/
−57.18 (10.21)
448.42 (11.27)/
396.05 (9.90)
42.54 (4.49)/
19.71 (3.17)
52.06 (5.51)/
28.02 (5.16)
342.57 (10.89)/
339.47 (10.64)
78.58 (1.57)/
87.33 (1.53)
51.03 (2.24)/
64.39 (2.46)

IC
Difference (SE)
[95% CI]

15.32 (5.49) [4.40 to 26.25]
−33.06 (7.41) [−47.82 to −18.30]
−52.36 (7.64) [−67.58 to −37.14]
−22.83 (3.71) [−30.21 to −15.44]
−24.04 (5.76) [−35.51 to −12.58]
−3.11 (8.07) [−19.18 to 12.97]
8.75 (1.55) [5.66 to 11.84]
13.35 (2.63) [8.11 to 18.59]

Pretreatment/
Posttreatment,
Mean (SD)
−26.60 (8.18)/
−32.41 (7.80)
−5.43 (11.39)/
−19.10 (10.08)
456.65 (11.06)/
447.60 (9.77)
31.17 (4.40)/
30.17 (3.10)
51.08 (5.31)/
47.67 (5.03)
355.04 (10.61)/
358.39 (10.30)
81.05 (1.53)/
82.25 (1.47)
51.79 (2.18)/
55.15 (2.43)

BBTI−IC Difference
(SE) [95% CI],
Cohen d Effect Size

Difference (SE)
[95% CI]
−5.81 (5.35) [−16.47 to 4.84]

21.14 (7.66) [5.88 to 36.40], 0.63

−13.67 (7.22) [−28.05 to 0.71]

−19.39 (10.35) [−39.99 to 1.22], 0.43

−9.05 (7.45) [−23.89 to 5.78]

−43.31 (10.67) [−64.56 to −22.05], 0.93

−1.00 (3.59) [−8.15 to 6.15]

−21.83 (5.16) [−32.11 to −11.55], 0.96

−3.41 (5.55) [−14.47 to 7.64]

−20.63 (8.00) [−36.56 to −4.71], 0.59

3.36 (7.77) [−12.11 to 18.82]

−6.46 (11.20) [−28.77 to 15.84], 0.13

1.21 (1.50) [−1.77 to 4.19]

7.54 (2.16) [3.25 to 11.83], 0.80

3.36 (2.58) [−1.77 to 8.50]

9.99 (3.68) [2.65 to 17.32], 0.62

Abbreviations: BBTI, brief behavioral treatment for insomnia; CI, confidence interval; IC, information control.

Table 4. Actigraphy Measures
IC

BBTI
Pretreatment/
Posttreatment,
Mean (SD)

Characteristic
Sleep latency, min
Wake after sleep
onset, min
Total sleep time,
min
Sleep efficiency, %

18.08 (2.04)/
12.62 (4.48)
57.28 (4.43)/
46.62 (3.99)
379.65 (8.21)/
338.16 (8.14)
80.37 (1.20)/
82.82 (1.16)

Difference (SE)
[95% CI]
−5.47 (2.78) [−11.01 to 0.08]
−10.65 (2.09) [−14.82 to −6.48]
−41.50 (6.49) [−54.42 to −28.57]
2.45 (0.97) [0.52 to 4.37]

Pretreatment/
Posttreatment,
Mean (SD)
15.19 (2.15)/
19.87 (2.41)
56.92 (4.48)/
55.38 (3.97)
381.64 (8.45)/
370.44 (8.02)
81.42 (1.24)/
79.99 (1.15)

BBTI−IC Difference
(SE) [95% CI],
Cohen d Effect Size

Difference (SE)
[95% CI]
4.70 (2.81) [−0.91 to 10.30]

−10.16 (3.96) [−18.05 to −2.28], 0.59

−1.54 (2.17) [−5.87 to 2.80]

−9.12 (3.02) [−15.13 to −3.11], 0.69

−11.21 (6.68) [−24.52 to 2.10]

−30.29 (9.32) [−48.84 to −11.73], 0.74

−1.43 (1.00) [−3.41 to 0.56]

3.88 (1.39) [1.11 to 6.64], 0.64

Abbreviations: BBTI, brief behavioral treatment for insomnia; CI, confidence interval; IC, information control.

CATEGORICAL OUTCOMES
Using the 4 outcome categories, we found that the BBTI
group had significantly better outcomes than the IC group
(32 = 16.9, P ⬍ .001) (Figure 2A). The BBTI participants also had significantly better outcomes as evaluated by 2 categories of remission or response vs partial
response or nonresponse (2 =13.8, P⬍.001). Using these
2 categories, we found that the number needed to treat
was 2.4 (95% confidence interval [CI], 1.6-4.6), and the
absolute risk reduction was 41.7% (95% CI, 21.7%61.6%). The percentage of participants who no longer
met criteria for insomnia disorder at the end of intervention was higher in the BBTI group (55% [n=21]) than in
the IC group (13% [n=5]) (2 =15.5, P⬍.001) (Figure 2B).
The number needed to treat for this outcome was 2.4
(95% CI, 1.6-4.3) for BBTI vs IC, and the absolute risk
reduction was 42.4% (95% CI, 23.5%-61.4%).
OUTCOMES BY DOMAIN
The MANOVA for general clinical and sleep measures
showed a significant treatment group⫻time interaction
(F 5,73 = 5.99, P ⬍ .001), as well as significant group
(F5,73 =2.34, P=.05), and time (F5,73 =2.34, P⬍.001) main

effects (Table 2). Mixed models indicated significant effects of BBTI and significant differences between BBTI
and IC in change scores for depression, sleep quality, and
general health. Effect sizes were moderate. No group difference was found for change in anxiety or sleepiness.
The MANOVA for the sleep diary domain also indicated
significant interaction (F8,70 =4.32, P⬍.001) and time effects (F8,70 =6.65, P⬍ .001) but no significant effect for
group (F8,70 =1.67, P=.12) (Table 3). The BBTI group had
later bedtimes, improved sleep quality, and improved SOL,
WASO, and SE compared with the IC group, with moderate to large effect sizes. The TST and morning rise time
did not show differential effects of the 2 interventions.
Significant differential treatment effects were found for
actigraphy (MANOVA interaction, F4,74 =17.72, P⬍.001;
time, F4,74 =15.37, P⬍.001; and group, F4,74 =2.13, P=.09)
(Table 4). We found that the BBTI group had a significantly greater reduction in actigraphy-based WASO and
SOL and a significantly greater increase in SE compared
with the IC group using mixed models. The BBTI group
also had a significantly greater reduction in actigraphically measured TST from pretreatment to posttreatment. However, the significant MANOVA interaction was
still seen after excluding TST (interaction, F3,75 = 5.85,
P=.001). No differential treatment effects were noted for
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Table 5. Polysomnography Measures
IC

BBTI

Characteristic
Sleep latency, min
Wake after sleep
onset, min
Total sleep time,
min
Sleep efficiency, %

Pretreatment/
Posttreatment,
Mean (SD)
22.49 (4.81)/
29.21 (4.81)
102.12 (8.77)/
85.26 (8.49)
350.12 (8.83)/
324.82 (9.43)
74.38 (1.82)/
74.86 (1.67)

Difference (SE)
[95% CI]
6.72 (5.70) [−4.64 to 18.07]
−16.86 (8.30) [−33.40 to −0.32]
−25.30 (10.17) [−45.55 to −5.05]
0.48 (1.57) [−2.65 to 3.61]

Pretreatment/
Posttreatment,
Mean (SD)
25.84 (4.69)/
25.59 (4.74)
90.22 (8.58)/
92.46 (8.38)
351.12 (8.63)/
333.31 (9.31)
75.67 (1.78)/
74.16 (1.64)

Difference (SE)
[95% CI]

BBTI−IC Difference
(SE) [95% CI],
Cohen d Effect Size

−0.25 (5.58) [−11.36 to 10.87]

6.96 (7.98) [−8.93 to 22.85], 0.20

2.23 (8.11) [−13.91 to 18.38]

−19.09 (11.61) [−42.20 to 4.02], 0.38

−17.81 (9.95) [−37.63 to 2.00]
−1.51 (1.53) [−4.57 to 1.54]

−7.49 (14.23) [−35.82 to 20.85], 0.12
2.00 (2.20) [−2.38 to 6.37], 0.21

Abbreviations: BBTI, brief behavioral treatment for insomnia; CI, confidence interval; IC, information control.
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follow-up. Twenty percent of participants improved (n=5),
56% were unchanged (n=14), and 24% worsened (n=6).
Sleep diary mean (SD) TST significantly increased from the
endofshort-termtreatmentto6-monthfollow-up(340[52.6]
vs 386 [80.5] minutes, t22 =−3.90, P⬍.001).
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Figure 2. Categorical treatment outcomes. A, Outcomes for participants
assigned to the brief behavioral treatment for insomnia (BBTI) and IC groups
(2 =13.8, P⬍.001). See the “Methods” section for definitions. B, Percentages
of participants in each group who no longer met the Diagnostic and Statistical
Manual of Mental Disorders (Fourth Edition, Text Revision)2 and/or International
Classification of Sleep Disorders (Second Edition)1 criteria for insomnia after
treatment (2 =15.5, P⬍.001). See the “Methods” section for details.

PSG (MANOVA interaction, F4,74 = 1.20, P = .32; time,
F4,74 =3.95, P=.006; group F4,74 = 0.47, P = .76) (Table 5).
Sensitivity analyses using natural log and square root
transformations in univariate mixed model analyses revealed an identical pattern of significant results.
6-MONTH FOLLOW-UP
Follow-up data were available for 25 BBTI participants (9
remitters, 12 responders, 3 partial remitters, and 1 nonresponder who did not desire other treatment). Of these, 40%
(n=10) met criteria for remission, 44% (n=11) met criteria for response, 12% (n=3) met criteria for partial response,
and 1 met criteria for nonresponse. Sixty-four percent no
longer met DSM-IV-TR or ICSD-2 criteria for insomnia disorder (16 of 25). We also examined changes of at least 1 cat-

Older adults with chronic insomnia treated with BBTI
showed clinically and statistically significant improvement in sleep outcomes at 4 weeks compared with participants treated with IC. The superiority of BBTI was seen
for outcomes based on categorically defined criteria, presence of insomnia disorder, number needed to treat, retrospective clinical ratings, sleep diary, and actigraphy but
not PSG. Various clinical subgroups did not show differential effects, and treatment gains were maintained at
6 months. The BBTI delivered by a nurse clinician may
be an efficacious and practical treatment for chronic insomnia in older adults.
Differences in specific inclusion and exclusion criteria and study instruments make it difficult to compare
the magnitude of treatment effects across behavioral treatment studies of insomnia. The improvements seen with
BBTI appear similar to those observed with traditional
CBTI in middle-aged populations, although somewhat
smaller in magnitude,16,23 and comparable in magnitude
to those reported for CBTI and other behavioral treatments in older adults. 24,45,48 For instance, a metaanalysis of CBTI and behavioral interventions for insomnia in older adults reported mean effects sizes of 0.60,
0.51, 0.19, 0.38, and 0.73 for diary outcomes of sleep quality, SOL, TST, SE, and WASO, respectively.21 Corresponding values in the current study were 0.62, 0.96, 0.13,
0.80, and 0.59, respectively. Like most CBTI studies, we
found an initial reduction in TST concurrent with improvements in SE and other sleep ratings. The TST increased at 6-month follow-up, when initial sleep restriction was relaxed. The magnitude of BBTI effects is also
similar to that found for BZRA medications.49 We did not
observe the significant treatment effects on PSG observed in some behavioral treatment studies.45,50,51 This
could result from the shorter duration of BBTI compared
with CBTI or from differences in participant age, inclu-
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sion criteria, sampling strategies and biases, acute treatment duration, and the use of laboratory vs in-home
PSG.52,53 Actigraphy and in-home PSG relied in part on selfreported data to identify bed time, which could lead to some
inaccuracy in these “objective” measures. In our study as
in most others, both sleep disturbances and treatment improvement were larger for self-reports than for PSG measures in patients with insomnia23,54; this discrepancy may
be a fundamental characteristic of insomnia.55
Currently, there are no universally accepted criteria
for categorical treatment outcomes in insomnia studies.46 Our criteria included a general measure of sleep quality (PSQI) and a widely used summary sleep diary metric in behavioral treatment studies of insomnia (SE). The
magnitude of change used to define response corresponded to a large effect size, was consistent with changes
reported in published studies, and corresponded to the
minimally important difference in the ISI (eAppendix).
Other categorical treatment outcomes, such as 50% reduction in sleep diary values50 or changes in the ISI score
to “normal” values, have been used in other studies.51 Our
acute response and remission rates (41% [n=16] and 26%
[n=10]) were lower than those found in studies using
the ISI as an outcome measure in a 6-week CBTI study
(59.5 and 39%)51 but similar to those reported in a study
of older adults using 85% diary SE as a criterion.45 Our
study may have underestimated treatment effects because we did not alter the 1-month reporting frame of
the PSQI for posttreatment outcomes. However, confidence in our outcomes is increased by convergent findings when we used the presence or absence of insomnia
diagnosis as a criterion.
Our findings can also be placed in the context of other
studies aimed at the dissemination of behavioral insomnia treatments. The magnitude of observed sleep diary
changes was comparable to magnitudes reported for an
abbreviated form of CBTI in a primary care,56 group CBTI
delivered in primary care practices,57,58 and CBTI provided to patients with medical comorbidities.59 Brief,
nurse-administered behavioral and cognitive behavioral treatments appear to be feasible and efficacious for
older adults with comorbid insomnia. Other novel forms
of behavioral treatment delivery such as Internet programs may also be efficacious.60 Thus, a range of options is now available to administer behavioral treatments for insomnia across a range of clinical settings.
Although BBTI shares many features with other behavioral insomnia treatments, some particular features
make it an especially attractive option. First, it has a strong
behavioral focus, which may avoid some of the perceived stigma associated with “psychological” treatments in medical settings. Second, it is overtly linked to
a physiologic model of sleep regulation,28 which provides a sound empirical rationale for both patients and
physicians. Third, it provides patients with a workbook
and specific written prescriptions for sleep behaviors.
Fourth, it is simple enough to be taught in a short amount
of time to nurses, who are often responsible for behavioral health management in primary care offices. Finally, it appears to have comparable efficacy to established treatments. Thus, BBTI possesses efficacy, efficiency,
and acceptability—3 characteristics of a successful “en-

try level” treatment in a stepped care approach to behavioral management of insomnia.61
Strengths of this study included convergent selfreport, observer-rated, and physiologic outcomes and a
sample that is generalizable to practice settings. Limitations included a control condition that was not matched
for therapist time, the use of a single therapist for both
conditions, or a limited follow-up interval. The control
condition was selected to represent an ecologically valid
comparison for primary care settings, where sleep and
insomnia are infrequently addressed and behavioral treatment is rarely available. The use of a single therapist was
likely to be less problematic for a control condition that,
by design, consisted of self-education. Finally, longer follow-up in both intervention groups might have been informative. Our follow-up strategy was based on our conceptual model of insomnia treatment in primary care: if
behavioral treatment cannot be delivered in a brief format with rapid results, patients are likely to proceed to
pharmacologic treatment. Finally, 68% of our insomnia
patients had an apnea-hypoxia index higher than 5, raising the possibility that treatment for apnea could further enhance outcomes.
In summary, BBTI produced statistically and clinically meaningful improvements that were sustained for
6 months. Future studies should examine the feasibility
of educating nurses and other health professionals in BBTI
and the effectiveness of BBTI delivered in actual practice settings on symptom-based, functional, and health
care economic outcomes.
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INVITED COMMENTARY

ONLINE FIRST

Time to Disseminate Cognitive
Behavioral Treatment of Insomnia

T

he efficacy of cognitive behavioral treatment for
insomnia (CBTI) is supported by over 3 decades of research.1,2 Evidence is accumulating that
it is effective not only for primary insomnia but also for
patients with insomnia and complex comorbidities including psychiatric disorders, chronic pain, and cancer.3-5 Despite a wealth of data showing efficacy, CBTI
has not been available in most practice settings, including many specialized sleep centers whose focus is on the
assessment and treatment of sleep apnea. CBTI may be
misperceived as being analogous to weight-loss treatment for obesity-related sleep apnea; that is, it is theoretically superior to all alternatives, but the obstacles to
implementation seem overwhelming. CBTI involves initial demands for substantial behavioral changes that seem
difficult to address in the context of most primary care
settings. How does one help patients make changes in
their sleep-wake activities that often are entrenched by
years of habit? How does one refer patients for effective
behavioral treatment? Unfortunately, CBTI remains limited to specialized sleep centers with trained behavioral
sleep medicine specialists. Most primary care settings lack
access to these resources, and there are concerns about
stigma related to referrals to mental health treatment.
Behavioral sleep medicine rightfully claims great success in creating a treatment that in a few weeks achieves
efficacy comparable with that of sedative hypnotics6 and
over the long term achieves greater satisfaction as reported by patients.7 In an ideal health care system, one

would expect behavioral treatment for insomnia to be
widely disseminated because of the data showing efficacy, the cost savings that would accrue from reduced
pharmacy costs, and reduced morbidity from sedative hypnotic-related falls and injuries. The message repeatedly
finds its way into the scientific literature but not into practice settings.
CBTI has slowly evolved in the past decade in response to concerns about the need to move from efficacy
to effectiveness oriented clinical trials. There have been
successful demonstrations that the number of sessions can
be reduced,8 that it can be delivered in group format in
primary care settings,9 and that it can be adapted for internet based treatment.10 In this issue of the Archives, Buysse
et al present encouraging results from a brief intervention for insomnia that was delivered in a primary care setting by a masters-level mental health nurse practitioner
with no prior experience in sleep medicine. The treatment involves an initial 45- to 60-minute visit, a second
30-minute visit, and two 20-minute telephone calls over
a treatment period of 4 weeks. The patient is given a workbook and individualized behavioral instructions and is
taught to monitor their sleep with a sleep diary. The 4-week
time period for assessing outcomes is shorter than most
CBTI trials, based on the idea that participants might request medication therapy if shorter-term gains were not
obtained. Buysse et al also reasoned that shorter-term treatment, if proven effective, would have a greater likelihood
of being acceptable for wider dissemination. The results
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