
SLEEP, Vol. 39, No. 1, 2016 237 Sleep Specialty Consultation—Edinger et al.

SLEEP DISORDERS IN PRIMARY CARE

A Collaborative Paradigm for Improving Management of Sleep Disorders in 
Primary Care: A Randomized Clinical Trial
Jack D. Edinger, PhD1,3; Janet Grubber, MSPH2,; Christi Ulmer, PhD2,3; Jennifer Zervakis, PhD2; Maren Olsen, PhD2,3

1National Jewish Health, Denver, CO; 2VA and 3Duke University Medical Centers, Durham, NC

Objectives: To test a collaborative care model for interfacing sleep specialists with primary care providers to enhance patients’ sleep disorders management.
Methods: This study used a randomized, parallel group, clinical intervention trial design. A total of 137 adult (29 women) VA outpatients with sleep complaints 
were enrolled and randomly assigned to (1) an intervention (INT) consisting of a one-time consultation with a sleep specialist who provided diagnostic 
feedback and treatment recommendations to the patient and the patient’s primary care provider; or (2) a control condition consisting of their usual primary 
care (UPC). Provider-focused outcomes included rates of adherence to recommended diagnostic procedures and sleep-focused interventions. Patient-
focused outcomes included measures taken from sleep diaries and actigraphy; Pittsburgh Sleep Quality Index (PSQI) scores; and self-report measures of 
sleepiness, fatigue, mood, quality of life, and satisfaction with health care.
Results: The proportions of provider-initiated sleep-focused interventions were significantly higher in the INT group than in the UPC group for 
polysomnography referrals (49% versus 6%; P < 0.001) and mental health clinic referrals (19% versus 6%; P = 0.02). At the 10-mo follow up, INT recipients 
showed greater estimated mean reductions in diary total wake time (−17.0 min; 95% confidence interval [CI]: −30.9, −3.1; P = 0.02) and greater increases in 
sleep efficiency (+3.7%; 95% CI: 0.8, 6.5; P = 0.01) than did UPC participants. A greater proportion of the INT group showed ≥ 1 standard deviation decline 
on the PSQI from baseline to the 10-mo follow-up (41% versus 21%; P = 0.02). Moreover, 69% of the INT group had normal (≤ 10) Epworth Sleepiness Scale 
scores at the 10-mo follow-up, whereas only 50% of the UPC group fell below this clinical cutoff (P = 0.03).
Conclusions: A one-time sleep consultation significantly increased healthcare providers’ attention to sleep problems and resulted in benefits to patients’ 
sleep/wake symptoms.
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INTRODUCTION
Sleep disorders are widespread health problems that reduce 
quality of life, increase risks for psychiatric and medical dis-
ease, and raise health care utilization and costs among affected 
individuals worldwide.1–19 A subset of patients with sleep 
problems seek care from sleep specialists, but most such pa-
tients are seen in primary care settings where they are likely 
to receive suboptimal sleep-problem management. As noted 
by Gottschalk and Flocke20 during a typical primary care visit, 
the provider has only 10 to 15 min per patient to manage an 
average of two to three major medical problems that carry sig-
nificant risk of morbidity and mortality; this leaves very little 
time to address whatever nonspecific sleep/wake complaints 
patients might present. Moreover, primary care providers 
often have limited knowledge of sleep disorders medicine. As 
such, sleep disorders may either go unrecognized or improp-
erly treated. Thus, many sleep disordered patients seen in pri-
mary care settings fail to be properly diagnosed and receive 
effective, evidence-based therapies.13,21–23

In view of the prevalence, morbidity, and economic sig-
nificance of sleep disorders, the accurate diagnosis of affected 
patients should be a priority for our health care system. Most 
patients with sleep disturbances would likely show improved 
clinical outcomes if diagnosis and treatment were shifted to 
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Significance
Determining the optimal interface between primary and specialty care remains a challenge. Specifically it is often difficult to determine what level of 
specialty care involvement is needed to assist primary care providers in their management of the various disorders their patients present. The current 
trial entailed a novel, initial attempt to examine this question in regard to the management of sleep disorders. Specifically this study tested the usefulness 
of a single sleep specialist consultation that resulted in the specialist’s guidance and advice conveyed to both the patient and the patient’s provider. The 
highly promising results confirmed the usefulness and efficacy of this sort of intervention for guiding providers’ practice patterns so as to more effectively 
address their patients’ sleep complaints.

sleep specialty care. However, such a proposal is hardly cost-ef-
fective, and the limited number of specialty sleep centers would 
be overwhelmed by the burden of patient care. What is needed 
is a mechanism whereby sleep specialists serve as consultants 
to the primary care setting, guiding diagnostic procedures, 
recommending further specialty care when indicated, and pro-
viding feedback to patients and/or providers to improve man-
agement of these conditions within the primary care setting.

Outside the sleep literature, there have been a number of 
efforts to enhance the interface between primary and spe-
cialty care. Provider-targeted interventions including focused 
training, specialist outreach, and financial incentives all im-
prove primary care treatment outcomes and/or referral rates to 
specialty care.24 The incorporation of problem-focused struc-
tured interviews into patients’ electronic medical records along 
with computer-generated clinical reminders for their periodic 
completion has shown efficacy for the detection and manage-
ment of disorders such as clinical depression in primary care.25 
One additional promising approach is the collaborative care 
model26 developed for evaluation and management of depressed 
patients. Collaborative care has mental health specialists pro-
viding patient education as well as a structured treatment plan 
to patients’ primary care providers. This approach has proven 
superior to standard consult-liaison care by providing more 
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rapid improvement in depressive symptoms and greater sus-
tained gains in patients’ overall mental health status.26

Recently, Strollo et al.27 proposed a collaborative role for sleep 
specialists within the context of the patient-centered medical 
home (PCMH) healthcare delivery model. With this approach, 
patient care is directed by the primary care physician (PCP), 
while the sleep specialist acts as a collaborating partner. In some 
instances, the sleep specialist’s role is merely that of advisor to 
the PCP, whereas in other circumstances the sleep specialist par-
ticipates in comanagement of the patient. Whereas this approach 
seems promising for optimizing the primary care-specialty care 
interface, it has yet to be tested in the management of sleep dis-
orders. Thus, this study was initiated to test a collaborative care 
intervention (INT) for optimizing PCP’s management of their pa-
tients’ sleep complaints. The INT consisted of: (1) a comprehen-
sive interview-based sleep disorder assessment conducted in the 
context of a single visit with a sleep specialist; (2) sharing resul-
tant diagnostic impressions and relevant treatment recommenda-
tions with the patient; and (3) conveying diagnostic impressions, 
suggestions for additional diagnostic testing, and treatment rec-
ommendations to the patient’s PCP. The primary study aims 
were to compare the INT to usual care for enhancing: (1) provider 
attention to sleep-focused diagnostic tests and management; and 
(2) patients’ improvements in sleep, functional status, quality of 
life, and satisfaction with their health care overall.

METHOD

Design
The study employed a prospective, randomized, clinical inter-
vention trial design to compare the INT and a control condition 

comprised of usual primary care 
(UPC) at three time points: a pre-
treatment baseline and 5 and 10 
mo after assignment to treatment 
conditions. The study was ap-
proved by the Institutional Review 
Board of the Durham VA Medical 
Center and all enrollees provided 
written informed consent. Partici-
pants received reimbursement for 
travel expenses as well as a max-
imum of $175.00 for completing 
study measures.

Participants
The study was conducted at a ter-
tiary care, university-affiliated VA 
Medical Center (VAMC). Recruit-
ment occurred from July 2007 to 
August 2009 through: (1) posted 
announcements; (2) solicitation let-
ters sent to registered outpatients, 
and (3) periodic information tables 
within the outpatient clinic area 
wherein study staff discussed the 
study with interested patients and 
distributed printed study informa-

tion. Eligible participants were enrolled in outpatient clinics 
at the VAMC, had active sleep complaints, and scored > 5 on 
a screening Pittsburgh Sleep Quality Index (PSQI). Exclusion 
criteria were: (1) an established sleep disorder diagnosis and/
or previous evaluation and treatment by a sleep disorders spe-
cialist (VA or Non-VA); (2) unstable physical health/terminal 
illness; (3) acute or highly unstable Axis I psychiatric condi-
tion; (4) mental incompetence (i.e. score < 24 on the Mini-
Mental State Examination2; (5) unstable living environment/
homelessness; (6) judged inappropriate by the PCP.

Of the 360 candidates screened, 158 were not eligible due to: 
prior specialty sleep treatment (n = 44); exclusionary Axis I di-
agnosis (n = 26); lacking a primary care provider at the medical 
center (n = 22); unstable health status (n = 21); unstable living sit-
uation/homelessness (n = 18); ongoing substance abuse treatment 
(n = 11); having no clear sleep problem (n = 10); or nonveteran 
status (n = 6). Additionally, 26 individuals refused enrollment 
and 20 individuals failed to schedule/attend their initial study 
visit. A total of 156 subjects were consented, but 15 were ex-
cluded before randomization for not meeting entry criteria and 
4 withdrew because they found study procedures too demanding. 
The remaining 137 continued in the study and were randomly 
assigned to either the INT arm (n = 68) or the UPC arm (n = 69). 
Figure 1 shows the participant flow through the project, whereas 
Table 1 provides enrollees’ demographic information.

Measures

Provider Outcomes
Measures were collected to assess provider adherence to INT 
recommendations and to compare the rates of new sleep-focused 

Table 1—Demographic characteristics of the sample.

Characteristic
Total Sample

n (%)
Control
n (%)

Intervention
n (%)

Sample size 137 (100.0) 69 (100.0) 68 (100.0)
Sex

Female 29 (21.2) 15 (21.7) 14 (20.6)
Male 108 (78.8) 54 (78.3) 54 (79.4)

Marital status
Divorced/separated 40 (29.2) 19 (27.5) 21 (30.9)
Living together, committed relationship 14 (10.2) 6 (8.7) 8 (11.8)
Married 58 (42.3) 37 (53.6) 21 (30.9)
Single, never married 13 (9.5) 3 (4.3) 10 (14.7)
Widowed 12 (8.8) 4 (5.8) 8 (11.8)

Ethnicity
Black/African American 66 (48.2) 35 (50.7) 31 (45.6)
Other 9 (6.6) 6 (8.7) 3 (4.4)
White 62 (45.3) 28 (40.6) 34 (50.0)

Latino or Hispanic
No 135 (98.5) 68 (98.6) 67 (98.5)
Yes 2 (1.5) 1 (1.4) 1 (1.5)

Education
< High school graduate 8 (5.8) 5 (7.2) 3 (4.4)
≥ High school graduate 129 (94.2) 64 (92.8) 65 (95.6)
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diagnoses, diagnostic procedures, and interventions initiated 
by providers of patients in both treatment arms. These provider-
specific outcomes were collected during the 10-mo period fol-
lowing the patient’s randomization to treatment condition. 
Provider outcomes included the provider’s number of sleep lab-
oratory referrals, referrals to other specialty clinics for evalu-
ation/treatment of participant sleep problems, and presence of 
newly initiated sleep-focused therapies for study participants. 
Information about these outcomes was obtained via review of 
provider orders and information included in notes entered into 
the VA’s computerized medical record system (CPRS).

Patients’ Outcomes
The patient outcomes described in the next paragraphs were 
collected during three 2-w evaluation periods; at baseline and 
5 and 10 mo postrandomization.

Personal Data Assistant Electronic Sleep Diary. Sleep diary 
measures were obtained nightly for 2 w at each assessment 

period using a Palm Pilot-style personal data assistant (PDA) 
containing an interactive program that automated the collec-
tion of subjective sleep data. The program, developed by our 
laboratory using Satellite Forms (Thacker Network Technolo-
gies, Inc, Lacombe, Alberta, Canada) software, presented 
common questions contained in a conventional paper sleep 
diary. Each question appeared on the PDA screen individually 
and solicited numerical entries designating the respondent’s 
estimate of various sleep parameters. At the end of the entries 
for 1 d, the program automatically recorded a time stamp to 
verify the time and date that data were entered. The PDA was 
programmed such that respondents had only 24 h to input data 
for each night of sleep. The specific nightly measures derived 
from the PDA included total sleep time (TST), sleep onset la-
tency (SOL), wake time after sleep onset (WASO), total wake 
time (TWT: SOL + WASO), and sleep efficiency (SE). Mean 
and standard deviation values of TST, TWT, and SE for each 
participant obtained at the prerandomization and postrandom-
ization time points served as dependent measures.

Figure 1—Sleep consultation study CONSORT flow chart. †Reasons for exclusions: prior specialty sleep treatment (n = 44); exclusionary Axis I diagnosis 
(n = 26); no primary care provider at the medical center (n = 22); unstable health status (n = 21); unstable living situation/homelessness (n = 18); ongoing 
substance abuse treatment (n = 11); no clear sleep problem (n = 10); non-veteran status (n = 6). ††Had survey, sleep log, and/or actiwatch data available.

Not Eligible † (n = 158), Refused (n = 26), 
Could not schedule/attend screening (n = 20)

Potentially eligible participants screened (n = 360)

Patients consented to participate (n = 156)

Excluded (n = 15), Withdrew (n = 4)

Randomized (n = 137)

Participants randomized to intervention (n = 68) Participants randomized to wait list control group (n = 69)

Lost to follow-up (n = 8) Lost to follow-up (n = 5), Withdrew (n = 1)

Included in analysis †† (n = 68)
Baseline (n = 68), 5 month (n = 64), 10 month (n = 60)

Included in analysis †† (n = 69)
Baseline (n = 69), 5 month (n = 61), 10 month (n = 63)
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Wrist Actigraphy. Mini-Mitter Actiwatch actigraphs (Mini-
Mitter Co., Inc., Sun River, OR, USA) were used to derive 
nightly objective sleep measures for 2-w periods at prerandom-
ization and postrandomization time points during this project. 
The Actiwatch contains a calibrated accelerometer and 32 K 
memory storage apparatus, housed in a casing that, in size and 
shape, resembles a wristwatch. The Actiwatch is designed to 
interface with a personal computer via a specially designed 
Reader/Interface unit. Windows-style software, accompa-
nies the Actiwatch, and is used to program the recording unit, 
download data into storage, and engage a scoring algorithm, 
which provides estimates of various sleep parameters. Mean 
and standard deviation values of TST, TWT and SE obtained 
for each participant at the prerandomization and postrandom-
ization time points served as actigraphic dependent measures 
in study analyses.

Outcome Questionnaires. Participants completed the 19-item 
PSQI28 to measure improvements in global sleep quality per-
ceptions, the eight-item Epworth Sleepiness Scale (ESS)29 to 
assess reductions in daytime sleepiness, the nine-item Fatigue 
Severity Scale (FSS)30,31 to track reductions in daytime fatigue, 
the 65-item Profile of Mood States (POMS)32 to assess mood 
state improvements, the 36-item Veterans Short Form-36 (V-
SF-36)33 to measure changes in quality of life perceptions, and 
the three-item global evaluation of care domain from the Per-
ceptions of Care Survey-Outpatient Version (OPOC; http://
ebasis.org/pdf/OPOC.pdf) to assess changes in satisfaction 
with health care from baseline to the postrandomization as-
sessments. The PSQI includes items that inquire about sleep 
over the past month and produces seven component scores, 
which are summed to provide a global sleep quality index. The 
ESS requires respondents to rate their likelihood (0 = “would 
never doze” to 3 = “high chance of dozing”) of falling asleep 
in common daytime situations with the total score across items 
conveying the overall level of daytime sleepiness. The FSS 
items assess the vitality-anergia continuum with respondents 
indicating agreement with each item using a 7-point scale 
(1 = “strongly disagree” to 7 = “strongly agree”). Averaged 
responses across the nine items comprise the total FSS score. 
The V-SF-36 is a variant of the MOS SF-3634 adapted for vet-
erans. It measures eight quality-of-life indices and yields two 
component scores, the Physical Component Summary (PCS) 
and Mental Component Summary (MCS) scores that served 
as outcomes of interest herein. The POMS yields scores for 
six different mood state subscales as well as a summary score 
for the entire inventory. Only the summary score was consid-
ered for this study’s purposes. Finally, global evaluation of 
care domain from the OPOC (http://ebasis.org/pdf/OPOC.pdf) 
included three tailored questions (“How much have you been 
helped by the care you received at the Durham VA?”, “Using 
any number from 0 to 10, where 0 = ”worst possible care” and 
10 = ”best possible care”, what is your overall rating of the care 
you received at the Durham VA?”, and “Would you recom-
mend the Durham VA to someone who needed treatment?”). A 
domain score was constructed following guidance provided in 
the Perceptions of Care Training Guide provided to the authors 
by McLean eBASIS/BASISplus (see Acknowledgments) and 

used in study analyses to assess changes in patient satisfaction 
across study time points.

Procedure
Study candidates first completed screening including: (1) an 
initial interview to obtain informed consent and determine eli-
gibility; (2) a qualifying screening PSQI; and (3) the Folstein 
Mini-Mental State Examination. Consenting individuals who 
met entry criteria then underwent a baseline assessment in-
cluding the aforementioned measures. Following baseline as-
sessments, participants were stratified by sex, age (age < 55 y 
versus age ≥ 55 y), initial sleep symptom severity (PSQI ≤ 10 
versus PSQI > 10), and sleep medication use upon enrollment 
(none versus one or more medications) and then assigned to 
the INT or UPC, using a modified randomization procedure 
known as the minimization method35,36 to balance treatment 
conditions in regard to stratification variables. The minimiza-
tion method is particularly useful when it is important to bal-
ance treatment groups on a larger number of covariates.

Interventions
Those assigned to the INT group received a comprehensive 
sleep specialty consultation conducted in a single visit with 
each patient. The INT included a thorough assessment so as 
to ascertain the most likely causes and sleep disorder diag-
noses underlying each patient’s complaint. This assessment 
was conducted by a doctoral-level clinical psychologist (CU) 
who had special expertise in sleep medicine and received 
supervision from the study PI (JDE). The assessment itself 
consisted of a clinician-administered structured interview for 
sleep disorders, a review of a sleep history questionnaire and 
sleep diaries completed by the patient, and a review of medical/
psychiatric information in the patient’s electronic medical re-
cord. Following this assessment, the participant was provided 
education regarding his/her primary sleep disorder diagnosis. 
INT recipients also were given recommendations for addi-
tional diagnostic tests and/or specific treatment suggestions. 
Relevant changes in lifestyle and cognitive behavioral treat-
ment strategies were also discussed, and printed educational 
materials relevant to the patient’s presumptive sleep disorder 
were provided. The patient’s primary care provider was also 
informed of the INT-derived sleep diagnosis(es) and given rec-
ommendations for further evaluation/treatment of the specific 
sleep disorder(s) in question. This information was also re-
corded in the patient’s electronic medical record, with the PCP 
identified as an additional cosigner. Most typically this note 
included templated recommendations for the sleep disorder(s) 
ascertained. In some cases, the recommendations suggested 
laboratory tests such as nocturnal sleep monitoring (e.g., for 
suspected sleep apnea), whereas in other instances, treatment 
strategies that could be implemented immediately were given. 
Below is an example of an INT treatment recommendation:

We recently evaluated one of your primary care patients 
as part of a research study on the diagnosis of primary 
sleep disorders in the VA. During the evaluation, the 
veteran reported symptoms consistent with a diagnosis 
of restless legs syndrome. We recommend first checking 
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this patient’s ferritin level, as RLS has been reported in 
association with iron-deficiency anemia. If the ferritin 
level is below 40, consider iron replacement therapy. If 
not medically contraindicated, a dopamine agonist such 
as pramipexole is often recommended for symptom 
relief. A typical starting dose is 0.125 mg at bedtime and 
can be titrated up to 1 mg depending on clinical re-
sponse. Alternatively, you could refer this patient to the 
sleep neurology clinic for further evaluation and treat-
ment. In CPRS, this is listed under Medicine Specialties, 
Neurology Consults, Sleep Disorder Clinic Evaluation.

Those assigned to UPC received treatment as usual; they did 
not receive any specialty assessment of their sleep complaints 
until after the 10-mo follow-up visit. Nonetheless, UPC par-
ticipants’ providers remained free to conduct whatever sleep-
focused assessments and interventions they chose on their own 
without interference from the study team. UPC participants 
who elected to receive the INT after their 10-mo follow-ups 
were provided this service and received information about 
their probable sleep diagnoses and recommendations for their 
management.

Analyses
Sample size estimation was based on the primary hypothesis 
that INT recipients would have greater improvement in sub-
jective/objective measures of TWT and SE as well as in their 
total scores on the PSQI at the 10-moh follow-up than would 
UPC recipients. Methods for the calculations were from Borm 
et al.37 using data from a previous randomized trial38 to esti-
mate quantities for the baseline standard deviation and correla-
tion between baseline and 10 mo. Baseline standard deviations 
were assumed to be 38.0 min, 8.1%, and 3.75 points for TWT, 
SE, and PSQI, respectively. Correlations between baseline and 
10 mo were assumed to be 0.5, 0.7, and 0.6, for TWT, SE, and 
PSQI, respectively. All calculations assumed a type I error rate 
of 5%, a type II error rate of 20%, and a dropout rate of 10%. 
There were no adjustments in the type 1 error rate = 5% for 
the multiple statistical comparisons planned because primary 
and secondary outcomes as well as all analyses were specified 
a priori. To detect a 17-min change in TWT, a 3.3% change in 
SE, and a 1.4-point change in the PSQI, 136 subjects total (68 
per arm) were needed.

Provider Outcomes
Research staff conducted reviews of participants’ electronic 
medical records during the 10-mo postrandomization period 
to: (1) track provider adherence to study staff’s diagnostic 
and treatment recommendations for INT participants and (2) 
compare the numbers of new sleep-focused consultations and 
interventions initiated by providers of participants in both the 
INT and UPC groups. Given the nature of this data extrac-
tion process, we assessed the reliability of the data obtained 
by having the two research staff (CU and JZ) involved in data 
acquisition each independently review the medical records of 
a subset (25% of the sample) of the participants and produce 
independent tallies of the specific diagnostic and treatment 
data of interest. One of these staff members (JZ) was the study 

coordinator who was kept blind to the group assignments of all 
study participants. Results showed high interrater agreement 
with an average kappa value = 0.89 across the seven specific 
sleep-focused diagnostic and treatment activities initiated by 
primary care providers. For each provider-initiated activity 
we: (1) examined our data for evidence of within-provider 
clustering by comparing generalized estimating equations of 
group differences, with and without inclusion of repeated mea-
sures based on provider, and (2) tested for INT versus UPC 
differences in each activity using the Fisher exact test.

Patient Outcomes
All patient-focused outcomes were collected by our blinded 
study coordinator. Our primary patient-focused outcomes 
included the PSQI global score along with sleep diary and 
actigraphy measures of TWT and SE. Our other secondary 
outcomes included diary and actigraphy TST, and the scores 
derived from the remaining outcome questionnaires. We used 
longitudinal data analysis models to examine INT effects 
on these primary and secondary outcomes at 5- and 10-mo 
follow-ups. Our models used an unstructured covariance to ac-
count for the correlation of patients’ repeated measurements 
over time (PROC MIXED in SAS v9.2; SAS Institute, Cary, 
NC). Model parameters included a common intercept, base-
line sleep medication use (using versus not using) centered 
around its mean, dummy-coded time, and intervention arm in-
teracted with each follow-up time point (i.e., treatment × time 
is 2 df). Mean differences between the INT and UPC groups 
at 5 and 10 mo were calculated, along with corresponding 95% 
confidence intervals, using ESTIMATE statements. We also 
conducted two analyses to determine the clinical significance 
of INT and UPC outcomes. In the first analysis we compared 
the proportions of INT and UPC participants who showed ≥ 1 
standard deviation decline on their PSQI scores from baseline 
to the 10-mo follow-up. In the second analysis we compared 
the proportions of INT and UPC participants who showed 
normal scores (≤ 10) on the ESS by this study endpoint. For 
these two final analyses, we tested for differences in the groups 
using the Fisher exact test.

RESULTS

Diagnoses Assigned to Intervention Group Participants
INT assessment resulted in the assignment of 131 sleep disorder 
diagnoses to the 68 INT recipients (see Table 2). Twenty-six pa-
tients (38.2%) received one diagnosis, 17 (25.0%) received 2 di-
agnoses, 20 (29.4%) had 3 or more diagnoses, and 5 individuals 
(7.4%) did not receive a sleep disorder diagnosis. Insomnia diag-
noses were the most frequently assigned followed by obstructive 
sleep apnea as a “rule out” diagnosis contingent on the results 
of a recommended diagnostic polysomnogram. Parasomnias ac-
counted for 11.5% of all diagnoses assigned, whereas restless 
legs syndrome and suspected periodic limb movement disorder 
each represented 5.3% of the diagnoses assigned.

Provider Outcomes
There were 60 PCPs for the 137 study participants. The max-
imum number of participants under the care of one PCP was 
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7. Forty-five INT participants and 9 UPC patients received one 
or more of the sleep-focused activities listed in Table 3 from 
their provider during the postrandomization time period. INT 
patients’ providers generally were responsive to INT recom-
mendations they received. Thirty-two PCPs initiated one or 
more sleep-focused activities for 45 INT participants. The 
maximum number of INT patients per initiating PCP was 4. 
When the INT recommendation entailed ordering a sleep labo-
ratory study to rule out sleep apnea, the PCPs adhered to this 
recommendation at a rate of 95%. Adherence rates for referral 
to a substance abuse outpatient clinic and the PTSD specialty 
clinic were 100%. Lower adherence was found for referral to 

the mental health clinic for treat-
ment of sleep-disruptive psychiatric 
problems (71%) and referral to the 
psychology sleep clinic for treat-
ment of nightmares (67%). In the 
UPC group, eight PCPs initiated 
one or more sleep-focused activities 
for nine participants. Table 3 shows 
the frequencies of sleep-focused di-
agnostic tests and interventions or-
dered by providers of INT and UPC 
participants during the 10-mo post-
randomization period. Analyses 
showed no evidence of clustering 
of sleep-focused activities within 
providers. Fisher exact tests showed 
that providers of INT patients initi-
ated significantly more referrals for 
polysomnographic evaluation of 
suspected primary sleep disorders 
(P < 0.001) and mental health clinic 
referrals to address sleep-disruptive 
mental disorders (P = 0.02) than did 
providers for UPC patients. Hence, 
the INT had a significant influence 
on providers’ attention to partici-
pants’ sleep-focused complaints.

Patient-Focused Outcomes
Of the 137 randomized patients, 123 
completed the protocol. Eight INT 
participants were lost to follow-up, 
whereas 5 UPC participants were 
lost to follow-up and 1 withdrew. 
Data from one or more postrandom-
ization time points were available 
for 64 INT participants and 66 UPC 
participants.

Table 4 shows the observed 
(raw) mean scores for diary, ac-
tigraphy and PSQI measures from 
baseline through the postrandom-
ization period as well as the statis-
tical model-estimated differences 
between the INT and UPC groups 
at 5 and 10 mo post​randomization. 

Longitudinal models indicated that the treatment × time 
interaction for diary TWT was statistically significant 
(F [2, 125] = 3.19, P = 0.05). At the 10-mo follow-up, INT 
recipients showed greater model-estimated mean TWT re-
ductions than did UPC recipients (−17.0 min; 95% confidence 
interval [CI]: −30.9, −3.1; P = 0.02). Changes for Actigraphy 
TWT mirrored these trends but were much smaller in mag-
nitude. As such, no significant group × time interaction ef-
fects were found for actigraphy TWT in the longitudinal 
model. Analyses of diary SE showed a significant treatment 
× time interaction (F [2, 124] = 3.95, P = 0.02). At the 10-mo 
follow-up, INT recipients showed greater increases in sleep 

Table 2—Nature and frequency of sleep disorder diagnoses assigned to intervention group participants 
(n = 68).

Sleep Disorder Diagnosis a Frequency of Diagnoses b (n = 131 diagnoses)
Obstructive sleep apnea, provisional 33
Insufficient sleep syndrome 1
Restless legs syndrome 7
Periodic limb movement disorder, provisional 7
Total insomnia diagnoses 67

Primary insomnia 26
Related to another mental disorder 27
Due to a medical condition 10
Due to drug or substance 4

Total parasomnias 15
Rapid eye movement behavioral disorder 6
Bruxism 3
Isolated sleep paralysis 2
Sleep-related leg cramps 1
Catathrenia 1
Sleep related hallucinations 1
Sleep related eating disorder 1

Circadian rhythm disorder, shift work type 1

aAll diagnoses listed were derived from interview, diary, and questionnaire materials available to the 
Sleep Specialty Consultation interventionist. Diagnoses designated as “provisional” represent diagnoses 
that required subsequent sleep laboratory confirmation. bThe total number of diagnoses listed exceeded 
the number of participants assigned to the intervention group because many of these individuals were 
assigned multiple comorbid sleep disorder diagnoses.

Table 3—Sleep-focused activities initiated by primary care providers for intervention and wait list 
control participants subsequent to baseline interview.

Sleep-Focused Activities Intervention (n = 68)  Control (n = 69) P a

Ferritin level check ordered b 4 0 0.06
Sleep clinic referral 8 4 0.24
PSG referral for apnea 32 3 < 0.0001
PSG referral for any reason 33 4 < 0.0001
Mental health clinic referral 13 4 0.02
PTSD clinic referral 1 1 1.00
SAOP clinic referral 4 1 0.21

aFisher exact test. bPursuant to symptoms of Restless Legs Syndrome. PSG, diagnostic polysomnogram; 
PTSD, posttraumatic stress disorder; SAOP, substance abuse outpatient treatment program.
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efficiency (+3.7%; 95% CI: 0.8, 6.5; P = 0.01) than did UPC 
participants. Again actigraphy data mirrored these trends but 
showed more modest and nonsignificant group differences. 
The INT group showed a 41.6-min increase in their observed 
average nightly TST on sleep diaries by the 10-mo follow-up, 
whereas the UPC group showed a 20.9-min increase in diary 
TST by the study endpoint (F [2, 119] = 2.46, P = 0.09) in the 
longitudinal model. When within-subject standard deviations 
of sleep measures were used as an index of night-to-night 
sleep variability in our models, we found significant group by 
time interactions for diary values of TWT (F [2, 124] = 5.02, 
P = 0.008) and SE (F [2, 125] = 6.31, P < 0.003). Both of these 
analyses showed INT participants had significantly greater 
reductions in the internight variability for these measures 
than did those in the UPC group. Similar analyses to examine 
sleep variability with actigraphy data showed no significant 
effects. Finally, the intervention group showed greater re-
ductions in PSQI total scores than did the UPC group by the 
10-mo follow-up, but these group × time differences did not 
reach statistical significance (F [1, 123] = 3.19, P = 0.08) in 
our model. Results of the longitudinal analyses conducted 
with our remaining questionnaire-based outcomes showed 
no significant group differences.

Table 5 shows observed mean and standard deviation values 
of the INT and UPC groups as well as model-estimated group 
differences for the various questionnaire measures used as sec-
ondary outcome measures. The statistical analyses showed no 
significant group, time or group by time interaction effects for 
any of these measures.

Tests of Clinically Significant Change
Figure 2 displays the proportions of INT and UPC participants 
showing clinically significant outcomes on the PSQI and ESS. 
A significantly greater proportion of the INT group achieved ≥ 1 
standard deviation decline in PSQI scores from baseline to the 
10-mo follow-up than did the UPC group (41.0% versus 21.0%; 
Fisher exact test P = 0.02). Also, a greater proportion of the INT 
group showed normal scores on the ESS by the 10-mo follow-
up than did the UPC group (69.0% versus 50.0%; Fisher exact 
test P = 0.03). Thus, on these measures of sleep quality and day-
time alertness, greater proportions of INT recipients showed 
clinically significant outcomes than did UPC recipients.

DISCUSSION
This project was conducted to test a collaborative care model for 
managing patients’ sleep complaints in a primary care setting. 

Table 4—Observed and mixed models estimated values (95% confidence interval) of sleep diary, actigraphy and Pittsburgh Sleep Quality Index 
measures across time periods.

Study Period
Usual Care Intervention Group Usual Care versus Intervention Group

n Mean SD n Mean SD Estimated Change 95% CI P
Diary measures

Total wake time, min Baseline 69 97.6 70.8 67 93.2 57.5
5 mo 61 73.2 50.4 64 69.5 47.3 −0.15 −12.96, 12.66 0.98
10 mo 62 79.6 58.7 60 59.7 42.0 −17.04 −30.94, −3.14 0.02

Sleep efficiency, % Baseline 69 80.0 13.0 67 79.4 11.7
5 mo 61 84.6 9.6 64 84.7 9.8 0.19 −2.32, 2.69 0.88
10 mo 62 83.5 11.7 60 87.0 9.7 3.69 0.83. 6.56 0.01

Total sleep time, min Baseline 69 376.1 73.1 67 359.6 76.8
5 mo 61 390.7 64.9 64 380.2 72.9 −0.50 −18.09, 17.09 0.96
10 mo 62 397.0 75.9 60 401.2 69.9 15.92 −3.33, 35.17 0.10

Actigraphy measures
Total wake time, min Baseline 69 94.2 41.5 68 90.1 37.3

5 mo 60 92.9 31.5 60 90.0 32.1 −0.83 −9.99, 8.33 0.86
10 mo 61 93.2 34.3 56 84.6 33.9 −6.09 −14.82, 2.63 0.17

Sleep efficiency, % Baseline 69 69.6 12.4 68 68.9 11.6
5 mo 60 69.7 10.5 60 68.5 10.7 −0.83 −2.83, 1.18 0.42
10 mo 61 69.2 11.4 56 70.6 10.8 1.75 −0.67, 4.18 0.15

Total sleep time, min Baseline 69 329.7 72.8 68 312.9 69.1
5 mo 60 332.4 60.6 60 317.8 71.9 −5.41 −21.57, 10.75 0.51
10 mo 61 340.6 102.4 56 328.4 64.4 −3.45 −28.23, 21.32 0.78

PSQI total score Baseline 69 10.6 3.7 68 10.7 3.7
5 mo 61 9.5 3.9 63 9.1 3.9 −0.39 −1.39, 0.61 0.44
10 mo 62 9.1 4.0 59 8.3 3.7 −1.01 −2.14, 0.11 0.08

Sleep diary and actigraphy estimates were based on a longitudinal data model with an unstructured covariance matrix. Positive differences in total sleep 
time reflect improvement compared to usual care; negative differences for total wake time and Pittsburgh Sleep Quality Index (PSQI) total score reflect 
improvement compared to usual care. The model-estimated correlation between time points ranged from 0.65 to 0.78 for the sleep diaries; 0.59 to 0.84 for 
the actigraphy; 0.48 to 0.71 for the PSQIs. CI, confidence interval; SD, standard deviation.
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We utilized the VAMC’s email system and electronic medical 
record, CPRS, for communication between sleep specialist 
and PCP, and demonstrated a high rate of follow-through by 
the PCPs scrutinized. Provider-focused outcomes showed that 
most INT recommendations communicated to providers were 
enacted. This was particularly true in the case of suspected 
primary sleep disorders such as sleep apnea. The finding of 
differential numbers of referrals across groups to assess for 
sleep apnea is noteworthy, given the significant cardiovascular 
risks associated with this condition. However, there also was a 
high rate of provider follow-through when a referral for mental 

health treatment was recommended to address a sleep-disrup-
tive psychiatric condition. Moreover, it is clear that the INT 
increased sleep-focused interventions overall among PCPs of 
INT patients compared to those in the UPC condition. This 
finding is perhaps particularly notable when it is considered 
that none of these PCPs took part in the study design and plan-
ning, and all were blind to its aims.

The findings also suggested some notable positive patient 
outcomes. Perhaps the most promising findings were those 
for sleep diary data and our tests of clinical significance. The 
model-estimated improvements in diary TWT and SE were 

Table 5—Observed and mixed-models estimated values (95% confidence interval) of questionnaire measures across time periods.

Study Period
Usual Care Intervention Group Usual Care vs. Intervention Group

n Mean SD n Mean SD Estimated Change 95% CI P
Fatigue Severity Scale (FSS) Baseline 69 4.2 1.6 68 4.1 1.3

5 mo 61 4.2 1.6 63 4.1 1.4 −0.09 −0.46, 0.27 0.62
10 mo 62 4.0 1.6 59 4.3 1.4 0.20 −0.25, 0.66 0.38

POMS - total score Baseline 69 40.0 44.9 66 38.0 36.3
5 mo 61 37.4 46.9 63 34.1 38.2 −2.99 −12.92, 6.94 0.55

10 mo 62 32.7 45.1 59 32.1 34.6 −2.14 −12.84, 8.56 0.69
VSF-36 - MCS Baseline 69 42.8 8.4 68 42.3 7.0

5 mo 61 43.7 7.6 63 43.0 7.8 −0.11 −2.23, 2.02 0.92
10 mo 62 43.7 8.4 59 43.1 7.2 0.26 −1.90, 2.41 0.82

VSF-36 - PCS Baseline 69 37.5 8.0 68 38.3 8.1
5 mo 61 38.0 8.2 63 37.9 9.0 −0.17 −2.12, 1.77 0.86

10 mo 62 37.6 8.6 59 37.4 8.4 −0.02 −2.07, 2.04 0.99
Perceptions of Care Survey 
(OPOC)

Baseline 69 82.1 17.0 67 83.5 19.8
5 mo 61 81.8 17.1 63 83.7 19.7 −0.32 −1.09, 0.45 0.42

10 mo 60 85.0 15.6 56 86.4 16.0 −0.34 −1.15, 0.47 0.41

CI, confidence interval; MCS, Mental Composite Score; PCS, Physical Composition Score; POMS, Profile of Mood States; SD, standard deviation; VSF-36, 
Veterans Short Form 36 Quality of Life Questionnaire. 

Figure 2—Group comparisons across tests of clinically significant outcomes. (A) Proportions of intervention and usual primary care groups rated as 
improved or unimproved on the basis of their PSQI score changes. (B) Proportions of intervention and usual primary care groups showing normal daytime 
alertness and excessive sleepiness on the Epworth Sleepiness Scale by the 10-month follow-up.
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about twice as large in the intervention group as they were in 
the UPC group, and these group differences were statistically 
significant. Moreover, analyses of sleep variability indices 
showed that diary TWT and SE also became much more stable 
across nights for INT participants compared to controls. Our 
repeated-measures analysis of the PSQI suggested a small treat-
ment effect for patients’ overall sleep quality perceptions, yet 
we found a significantly greater proportion of INT recipients 
met our criterion for judging clinically significant outcomes in 
sleep quality and daytime alertness than did UPC recipients.

It should be mentioned that not all patient-focused outcome 
measures showed statistically significant differences between 
our intervention and control groups over the post-random-
ization period. The actigraphic sleep measures showed less 
marked differences between the INT and UPC groups over 
time than did comparable measures obtained from sleep diary. 
It should be noted that several previous studies39–42 have found 
actigraphy to show less impressive differences between active 
therapies and control conditions than did sleep diary data so 
it may be that actigraphic sleep estimates are less sensitive to 
a treatment signal than are diary data. However, none of our 
questionnaire measures used to provide secondary outcome 
measures showed significant differences between our active 
and control interventions. As such, it is possible that factors 
other than the sleep-targeted intervention provided influence 
the findings obtained from actigraphy and the responses ob-
tained on the questionnaires employed. This speculation seems 
particularly credible in regard to the various study question-
naires employed because they measured various domains (i.e., 
mood, quality of life, satisfaction with care) that are not spe-
cifically targeted by sleep interventions and likely are influ-
enced by an array of factors in the patients’ day-to-day lives 
and interactions with the healthcare environment other than 
their nightly sleep quality.

The setting wherein this study was conducted offered a 
favorable infrastructure for evaluating the collaborative care 
model tested. The sleep specialist and PCPs involved were all 
colleagues in the same large medical center, so this fact likely 
facilitated the sort of collaboration the intervention encouraged. 
The VA’s CPRS, which was available to study staff, enhanced 
communication between the specialist/interventionist and the 
INT study participants’ PCPs. As such, selection of a VAMC 
test site provided the study team several advantages. It may 
be more difficult to effect collaborative care outside the VA 
system where use of and access to electronic medical records 
is more limited43 and sleep specialists and PCPs have indepen-
dent and unaffiliated practices. For such situations, alternate 
strategies for enhancing collaborative care may be needed.

In considering our findings, it seems reasonable to question 
whether factors other than the study intervention influenced 
the results obtained. Because the study was conducted in an 
academic medical center, it is possible that the PCPs of the 
patients enrolled in the study were reasonably knowledgeable 
about sleep disorders and, hence, more prone to order sleep-
focused tests and interventions for all their patients including 
those assigned to the study’s control group. This possibility 
could have reduced the differences observed between the INT 
and UPC conditions herein. However, our experience would 

not support this speculation. In fact, impetus for the current in-
vestigation came from our prior experiences recruiting patients 
for our insomnia treatment study38 conducted in the same med-
ical center wherein the current study was effected. In screening 
study candidates for that study, we were impressed by the large 
number of patients with obvious symptoms of sleep apnea and 
restless legs syndrome that had been undetected and unad-
dressed by their PCPs. Those observations suggested that even 
in an academic setting, front-line physicians may not be par-
ticularly knowledgeable about sleep disorders and might, thus, 
benefit from the structured interface with sleep specialists pro-
vided in this study to augment their management of patients 
with ongoing sleep disturbances.

It also seems reasonable to question if the PCPs considered in 
the current investigation had familiarity with the investigators 
and knowledge of which of their patients were enrolled in the 
study. If this were the case, it is possible that providers may have 
withheld treatments from patients assigned to the control group 
knowing that they eventually would be offered the INT and this 
practice, in turn, could have enhanced the differences between 
the INT and UCP conditions. However, it should be noted that 
a total of 60 different resident and staff physicians were consid-
ered in this project, reflecting the fact that there was ongoing 
provider turnover during the study due to physician rotational 
schedules. As a consequence, the investigators were unfamiliar 
with a majority of the providers considered. In addition, none of 
the physicians were aware of the aims of the study, so it is not 
likely that they would bias their patient care practices in favor 
of study hypotheses. Finally, the patients enrolled were self-re-
ferred to the study and, thus, it is unlikely that physicians were 
aware of which of their patients actually were assigned to the 
control condition. They only had awareness of those assigned 
to the INT after they received consultative feedback about the 
recommended sleep management strategies for them from study 
staff. Thus, it is unlikely that the physicians considered altered 
their practices in any way so as to favor study aims.

Admittedly the study had a number of limitations. The 
sample size was moderate and may have been insufficient to 
detect INT benefits on secondary outcomes. A related con-
sideration is that this study was conducted at one university-
affiliated VAMC. It may be more challenging to implement 
the intervention used herein in smaller facilities that lack sleep 
specialists, have fewer resources, and/or have a less accepting 
attitude toward systemic changes. Furthermore, the outcome 
measures chosen were limited in focus. We did not evaluate 
our INT’s effects on participants’ medical and psychiatric co-
morbidities, so we do not know if comorbid conditions bene-
fitted from INT. Finally, the 10-mo postintervention follow-up 
period may have been too short to fully assess the long-term 
benefits INT patients derived. Thus, future studies of this na-
ture may benefit by larger samples, scrutiny of intervention 
effects on comorbidities, and longer periods of postinterven-
tion follow-up. Given our encouraging findings, such future 
investigations seem warranted.
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