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BACKGROUND: To address concerns about access to
care, the Veterans Access, Choice, and Accountability
Act of 2014 was enacted to make care available in the
community when Veterans Health Administration (VA)
care was unavailable or not timely. This paper examined
VA referrals for diagnostic sleep studies from federal fiscal
year (FY) 2015–2018.
DESIGN: Sleep studies completed between FY2015 and
2018 for Veterans tested within VA facilities (VAF) or re-
ferred to VA community care (VACC) providers were iden-
tified using VA administrative data files. Sleep studies
were divided into laboratory and home studies.
KEY RESULTS: The number of sleep studies conducted
increased over time; the proportion of home studies in-
creased in VAF (32 to 47%). Veterans were more likely to be
referred for a sleep study to VACC if they lived in a rural or
highly rural area (ORs=1.47 and 1.55, respectively), and
had public or public and private insurance (ORs = 2.01
and 1.35), and were less likely to be referred to VACC if they
were age 65+ (OR=0.72) and were in the highest utilization
risk based on Nosos score (OR=0.78). Regression analysis
of sleep study type revealed that labstudiesweremuchmore
likely for VACC referrals (OR=3.16), for persons living in
rural areas (OR=1.21), with higher comorbidity scores
(OR=1.28) and for ages 44–54, 55 to 64, and 65+ (ORs=
1.12, 1.28, 1.45, respectively) compared to younger Veter-
ans. Veterans with some or full VA copayments (ORs=0.91
and 0.86, respectively), and overweight Veterans (OR=0.94)
were less likely to have lab studies.
CONCLUSIONS: The number of sleep studies performed
on Veterans increased from 2015 to 2018. Access to sleep
studies improved through a combination of providing care
through the Veteran Choice Program, predominantly

used by rural Veterans, and increased use of home sleep
studies by VA.
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BACKGROUND

As a result of national concerns about Veterans’ access to VA
care, Congress passed the Veterans Access, Choice, and Ac-
countability Act of 2014 (Public Law 113–146) (“Veterans
Choice Act”) and, as amended (Public Law 113–175), aimed
to improve access to timely, high-quality health care. The
Veterans Choice Program (VCP) allowed VA to expand its
long-standing fee-basis and contract care programs (VA-paid
care provided by non-VA providers) to include a new option
for VA-paid community-based care. Veterans’ eligibility for
care through the VCP was based on VA appointment wait time
greater than 30 days, distance (living 40 miles or greater from
the nearest VA medical facility), or hardship (significant
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burdens to travel to VA for care). By federal fiscal year (FY)
2017, about 1.5 million Veterans had received care in the
community through the VCP.1 VA community care has since
been consolidated into a single program and expanded as part
of the VA MISSION Act of 2018 (Public Law 115–182).
One of the areas that the VCP addressed was Veterans’

access to specialty care services. Sleep medicine is an example
of specialty care that is important for Veterans’ health care due
to the high prevalence of sleep disorders among Veterans and
their significant sequelae. Conditions such as obstructive sleep
apnea (OSA) remain undiagnosed in most of the affected
population.2, 3 Estimates suggest OSA is common in the
general population, affecting 5–10% of adults.4 Among Vet-
erans receiving care in the VA, prevalence estimates based on
diagnosed OSA are similar (4.5% among patients receiving
care between 2000 and 2010),5 though considerably higher in
some subgroups including those with cardiovascular disease,
cancer, and post-traumatic stress disorder. Several studies
based on symptom reports suggest that true prevalence of
OSA in Veterans may be much higher (42–66%).2, 6, 7 OSA
is associated with coronary artery disease, incident stroke, and
higher mortality.8 In a national study, Alexander et al.5 found
sleep apnea (47%) and insomnia (26%) to be the most com-
mon disorders among Veterans with any sleep problems. Fur-
ther, over the course of their 11-year study, they found a
sixfold increase in sleep disorder diagnoses in Veterans seen
in VA facilities.
Definitive diagnosis of OSA and other sleep disorders

usually requires a diagnostic sleep study. Laboratory sleep
studies, or polysomnography, require an overnight stay in a
sleep laboratory where electroencephalography, respiratory
effort, oxygen saturation, heart rhythm, andmuscular response
are monitored. Home sleep studies are also an option with the
patient being sent home with a portable monitor. The biggest
difference in these studies is that the home study does not use
electroencephalography and only addresses the question of
whether sleep apnea is present or absent. Home sleep testing
devices are convenient in that they can be mailed to the patient
or given to the patient at a local VA outpatient clinic to take
home. The patient wears the device during sleep and the
device records information used to determine whether there
is evidence of sleep-disordered breathing. Upon return of the
device to VA, the data are uploaded for review and interpreta-
tion by a sleep provider. The clinical practice guideline for
diagnostic testing of sleep apnea recommends that either poly-
somnography or home sleep testing is appropriate for diagno-
sis of sleep apnea in uncomplicated adult patients.9 Given the
high demand for sleep studies in the VA and limited access to
in-laboratory sleep testing, increasing numbers of Veterans are
being referred for studies at home or through a community
provider.
The purpose of this paper was to examine access to sleep

studies by location of care (VA facilities (VAF) or VA com-
munity care (VACC)) for Veterans with suspected OSA during
the first 4 years of the VCP, FY2015–2018.

METHODS

We utilized a retrospective cohort design to compare Veterans
who received consults for sleep studies completed in a VAF
with Veterans who received referrals to VACC. Data were
collected from VA’s corporate data warehouse (CDW), a com-
prehensive set of data files on patient characteristics, health
conditions, and health care utilization that is both national and
longitudinal in scope.10 Information on patient demographics
and clinical characteristics, VA outpatient care and scheduling,
and VA Community Care program authorization and claims
were extracted for analysis.

Study Cohort

To identify Veterans who were referred for and received
a sleep study between FY2015 and 2018, we used
common procedure terminology (CPT) version 4 codes
used for sleep studies in the lab and home. In consul-
tation with sleep medicine providers, we selected CPT
codes for in-lab (95805, 05807, 95808, 95810) and
home sleep studies (95800, 95801, 98806, G0298,
G0399, G0400) in VA and VACC outpatient records.
For the sleep studies identified, we included only those

for which there was a date recorded for the initial sleep
study, and in the case of VACC, that there was a paid
claim for the procedure. VAF sleep study visits were
matched with a date when the appointment was scheduled
in VA. VACC sleep studies were matched with the date of
the nearest Community Care authorization for the sleep
study–specific category of care for VACC in case a Vet-
eran had more than one procedure ordered. We excluded
visits that were not matched with either method, and visits
for patients that received sleep testing in both care settings
during the study period (see Fig. 1).
Our covariates included demographics (age, marital

status, race), VA copayment status, health insurance cov-
erage, rural status, comorbidity, and body mass index
(BMI). Age was defined as a categorical variable (< 45,
45–54, 55–64, 65 and older); marital status was consol-
idated as a dummy variable (single versus married); and
race was a three-level variable (white, black, or other).
For VA copayment, we defined three groups (no, some,
or full copay). Insurance status was categorized based on
having only VA coverage, only private insurance, only
public insurance, or a combination of coverage and in-
surance (none, private, public, private + public). Rural
status was based on the Veterans’ recorded residence in
one of three categories (urban, rural, highly rural). We
also calculated the distance to the nearest VA facility or
clinic (in miles). For comorbidity risk adjustment, we
considered several measures. We included the Nosos
score, designed to predict VA costs. Nosos scores are
centered around the value of 1 indicating expected costs
at the national average for VA patients; higher than one
indicates greater risk while < 1 indicates lower cost
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risk.11 We calculated the concurrent year Nosos scores.
In addition, we calculated an adapted version of the
Charlson comorbidity index.12 We included BMI as it is
highly associated with OSA13, 14; we grouped BMI as a
three-level variable (normal, overweight, obese).

Analysis

Comparisons of Veterans who were referred for sleep stud-
ies to VACC with Veterans who had sleep studies done in a
VAF were conducted using bivariate analyses. We also
compared those who completed home sleep studies to those
who had lab-based sleep studies. Due to the large samples,
we utilized standardized mean differences (SMD) to com-
pare groups on a univariate basis. SMD is a type of effect
size, also known as Cohen’s d, with larger values indicating
a greater effect or differences between groups.15

We used logistic regression analyses to determine those
characteristics that were associated with receipt of care in
VACC versus VAF. We also examined factors associated
with whether the procedure was performed at home or in a
sleep lab. Standard errors for regression coefficients were
adjusted using robust clustering by VA facility.16 Analyses
were performed with R version 3.5.317 and clustering was
estimated using the multiwayvcov package.18

RESULTS

Between FY2015 and 2018, there were over 573,000 sleep
studies completed at either VAF or VACC settings. Analyses
were based on sleep study referrals for which we had complete
data for the date of testing and patient characteristics (n =
573,579) (see Fig. 1). A comparison of patient characteristics
by location is provided in Table 1. Overall, the characteristics
of patients who had their sleep study done in VAF or in VACC
sites were similar. The mean age of Veterans who received
sleep studies was 55 years, 90% were male, and the average
BMI was 33 (obese category). The largest differences between
the VAF and VACC patients were insurance status and rural
status. Eighteen percent of Veterans who received sleep stud-
ies in VAF had no other health insurance beyondVA coverage,
compared with 14% of those who had sleep studies in VACC
(SMD= 0.237). Further, those Veterans who had their sleep
studies in VACC more often had only public insurance (41%)
than those who had testing in VAF (30%). Veterans who lived
in rural or highly rural areas more often had their sleep studies
done in VACC (39.7%) than those living in urban areas
(28.7%) (SMD= 0.234). Higher percentages of Veterans with
diabetes, chronic heart failure, or chronic obstructive lung
disease received in-lab testing in either VA or the community
than Veterans without these conditions (results not shown).

Completed sleep 
procedures between 

FY2015-2018
N=573,579

Excluded due to:
Missing sta�on informa�on 
or invalid dates N=7,941
Missing pa�ent 
demographics N=68,178
Procedures in both VAF 
and VACC N=35,417

Procedures 
matched with 
appointment 

date  N=270,814

Procedures for 
A�ended (lab) 

N=287,690

Procedures for 
Una�ended (home) 

N=251, 265

Procedures for Sleep Tes�ng in 
VAF

N=538,955

Procedures for 
A�ended (lab) 

N=209,159

Procedures for Sleep Tes�ng in 
VACC (Choice and Fee Basis)

N=305,898

Procedures 
matched with 
authoriza�on 

date  N=181,868

Procedures 
matched with 
authoriza�on 

date  N=39,195

Procedures for 
Una�ended (home) 

N=96,739

Procedures 
matched with 
appointment 

date  N=193,238

Figure 1 Sleep test procedure cohort derivation.
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The total number of sleep studies increased annually, while
the percent completed in VAF versus VACC remained rela-
tively stable (69% versus 31%). The proportion of home sleep
studies in VACC remained around 18% for each year exam-
ined, while the proportion of home tests in VAF increased
from 33% in FY2015 to 48% by FY2018 (see Fig. 2).
Regression analysis of location of testing (VAF versus

VACC) revealed that Veterans living in rural or highly rural
areas were more likely to have their sleep studies in VACC
than VAF (ORs = 1.47 and 1.55, respectively) (see Table 2).
Distance to nearest VA facility or clinic was not associated
with location of care. Regarding insurance status, Veterans
who had any public insurance/Medicaid were more likely to

have received their sleep studies in VACC. Sleep studies
performed in VACC were less likely for Veterans who have
some (OR = 0.90, CI = 0.84–0.97; p < .01) or full VA copay-
ments (OR = 0.83, CI = 0.76–0.91; p < .001), and for those
who were single, were 65 years or older, and had the highest
Nosos risk scores (see Table 2).
Characteristics that distinguished lab from home sleep stud-

ies also were identified using regression analysis (see Table 3).
Lab studies were much more likely to be provided through
VACC than VAF (OR = 3.16, CI = 2.23–4.48). Also, Veterans
with higher comorbidity (> 1 on Charlson scale), those in age
categories over age 44, and Veterans living in rural areas were
more likely to have a lab sleep test. Veterans who were
overweight had a decreased probability of having a lab sleep
study (OR = 0.94, 95% CI = 0.89–0.99; p < .05) compared
with those who were normal weight, as were Veterans with
some or full VA copays (ps < 0.001).

DISCUSSION

We observed several trends in diagnostic sleep study utiliza-
tion among Veterans after enactment of the VCP. First, we
observed that the number of patients who had sleep studies
increased over time. This growth in the volume of sleep
studies is likely due to a combination of improved access to
testing through the VCP and the increased recognition of sleep
problems in the Veteran population.5 Further, the trend in sleep
studies performed for Medicare beneficiaries also has in-
creased by 9.1% since 2010.19 Figure 2 shows the increase
in the number of sleep studies from approximately 120K
veterans in FY2015 to over 161K veterans in FY2018, a
34% increase. Interestingly, the increase was more pro-
nounced for testing done within VAF. Our results are consis-
tent with the overall trend of increased use of sleep testing and
in recognition that sleep apnea is underdiagnosed and
undertreated.20

The second trend observed was the increase in the use of
home studies in VAF. This trend was not present for VACC
sleep studies. Use of home sleep studies instead of lab studies
has increased in many VA hospitals to address issues of
timeliness and cost.21, 22 Furthermore, the national VA Sleep
Medicine program office has actively encouraged more home
sleep studies, a VA best practice since 2014. Medicare has also
seen a dramatic growth in home sleep studies from less than
1% in 2000 to 12% in 2014,19 reflecting increased adoption
following approval of home sleep testing for reimbursement in
2008.
During this same timeframe, VA promoted widespread

adoption of telehealth services to improve Veterans’ access
to care. The TeleSleep program, funded by the VA Office of
Rural Health, specifically promoted the expansion of home
sleep testing, an asynchronous form of store-and-forward tele-
health (i.e., data, image/photo, or video is acquired from a
patient, stored, and forwarded to/retrieved by a provider at a

Table 1 Patient Characteristics by Referral Location (VAF or
VACC) (N = 467,377)

Variable VAF (N =
330,888)

VACC (N =
136,489)

SMD*

Age, years (mean/SD) 54.89 (15.0) 55.0 (14.76) 0.0132
Age categories 0.014
< 45 years 26.9% 26.3%
45–54 years 19.0% 19.1%
55–64 years 21.5% 21.4%
65+ years 32.6% 33.2%

Male (%) 90.0% 90.3% 0.010
Race (%) 0.153
White 70.8% 76.7%
Black 26.1% 19.7%
Other 3.1% 3.6%

Hispanic (%) 8.1% 8.8% 0.026
Marital status (%) 0.085
Single 45.1% 40.9%

Comorbidity > 1† 17.4% 16.9% 0.014
Nosos category‡ 0.062
Q1 25.0% 25.0%
Q2 24.6% 25.9%
Q3 24.7% 25.8%
Q4 25.7% 23.2%

BMI§ 0.019
Normal 8.1% 7.7%
Overweight 27.8% 27.3%
Obese 64.1% 65.0%

Veteran copay 0.057
None 55.0% 57.6%
Some 34.5% 33.0%
Full copay 10.5% 9.4%

Insurance 0.237
None 18.1% 13.9%
Private 46.6% 40.4%
Public 29.8% 40.9%
Both 5.5% 4.8%

Rural status (%) 0.234
Urban 71.3% 60.3%
Rural 27.8% 38.2%
Highly rural 0.9% 1.5%

Miles to nearest VA
(mean/SD)

14.7 (13.2) 17.0 (17.4) 0.150

*SMD= effect size; small, medium, large (due to very large sample
sizes, SMD is a more accurate representation of differences than
traditional p values)
†Comorbidity is based on the Charlson score calculated on the year
prior to the patient’s sleep consult/referral. Scores were dichotomized
into low (score of 1.0 or less) and high (score of > 1.0)
‡Nosos is a risk adjustment score as to whether a patient is more or less
likely to have similar health care costs as the average patient. The
average patient scores a 1; less than 1 indicates lower expected costs
and greater than 1 indicates higher expected costs
§BMI body mass index
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different time for clinical evaluation), and provided 54 VA
facilities with home sleep testing recorders to facilitate accom-
plishing this goal.23 In FY2018, more than 782,000 patients
received some care through telehealth, including over 52,000
sleep-testing visits.23 Telehealth enables access to care through
use of information and telecommunication technologies,
which is especially useful and feasible for Veterans who live
in rural areas.24, 25 Home sleep testing allows VA to provide
care within VA by making it available to Veterans who live in
rural areas, where non-VA services may be equally hard to
come by. These devices can be mailed to the Veteran, reducing
the need to come into the facility for testing. Home sleep
testing represents the most rapidly growing telehealth store-
and-forward program in VA.

Community providers may have a lower rate of adoption of
home sleep testing due to lower reimbursement compared to
laboratory studies, and thus may not be equipped to offer this
option for Veterans seeking sleep testing through VACC.
Recent data indicate that the cost of home sleep testing is
74% less than that of laboratory testing.26 The low use of
home sleep studies in the community alternatively may be
due to the possibility that community providers are not willing
to use home sleep studies for persons with comorbid condi-
tions such as heart failure, morbid obesity, and moderate to
severe chronic obstructive pulmonary disease, as home sleep
apnea testing has not been validated in patients with pre-
existing conditions, potentially leading to inconclusive find-
ings. Our finding that older Veterans were significantly more
likely to receive in-lab studies is consistent with this hypoth-
esis and is worthy of further study.
Persons living in rural areas more often had sleep studies

conducted in the community. This trend directly addresses

Table 3 Independent Predictors of Lab Compared with Home Sleep
Studies (N = 467,377)

OR estimate 95% CI p value

Intercept 1.54 1.08–2.21 0.05
BMI*—overweight 0.95 0.90–0.99 0.05
BMI*—obese 0.99 0.90–1.08 Ns
Age 45–54 years 1.15 1.07–1.18 0.001
Age 55–64 years 1.27 1.19–1.36 0.001
Age 65+ years 1.41 1.28–1.56 0.001
Male 1.03 0.97–1.09 Ns
Single (versus married) 0.97 0.93–1.02 Ns
Black 1.00 0.84–1.20 Ns
Other race 0.92 0.64–1.31 Ns
Comorbidity† 1.25 1.16–1.35 0.001
Rural 1.31 1.09–1.58 0.01
Highly rural 1.33 0.96–1.85 0.10
Some copay 0.90 0.85–0.95 0.001
Full copay 0.83 0.77–0.90 0.001
Miles to nearest VA 1.00 1.00–1.00 Ns

*BMI body mass index
†Comorbidity was a dichotomized variable using the Charlson index.
Persons with a comorbid score of 1 or less versus persons with a
comorbidity score > 1.0

Figure 2 Sleep tests by VA and community FY2015–2018.

Table 2 Independent Predictors of the Use of VACC Compared with
VAF for Sleep Studies (N = 467,377)

OR estimate 95% CI p value

Intercept 0.37 0.16–0.89 0.05
BMI*—overweight 1.02 0.98–1.06 Ns
BMI*—obese 1.05 0.99–1.11 Ns
Some copay 0.90 0.84–0.97 0.01
Full copay 0.83 0.76–0.91 0.001
Age 45–54 years 1.02 0.96–1.09 Ns
Age 55–64 years 0.95 0.84–1.08 Ns
Age 65+ years 0.72 0.55–0.96 .05
Male 0.97 0.89–1.05 Ns
Black 0.80 0.63–1.02 0.10
Other race 1.10 0.83–1.45 Ns
Marital status—single 0.88 0.83–0.92 0.001
Rural 1.47 1.20–1.80 0.001
Highly rural 1.55 1.11–2.15 0.01
Nosos Q2† 0.99 0.95–1.04 Ns
Nosos Q3† 0.95 0.88–1.02 Ns
Nosos Q4† 0.78 0.68–0.88 0.001
Miles to nearest VA 1.00 1.00–1.01 Ns
Private insurance 1.09 0.97–1.23 Ns
Public insurance 2.01 1.11–3.65 0.05
Public and private insurance 1.35 1.15–1.59 0.001

*BMI body mass index
†Nosos is a risk adjustment score as to whether a patient is more or less
likely to have similar health care costs as the average patient. The
average patient scores a 1; less than 1 indicates lower expected costs
and greater than 1 indicates higher expected costs
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VCP’s goal of increasing access to care by increased Veteran
engagement in local communities in addition to reducing
travel burden. Sleep studies were more commonly done in
VA for elderly Veterans and those with the highest Nosos
utilization risk scores, suggesting that VA may continue to
manage those at greater risk within VA. As follow-up care
would most likely occur within VA for these individuals,
coordination of care across providers will be increasingly
important to ensure satisfactory patient outcomes.27, 28

Data from the first years of VCP indicate that many VA
providers did not like the program for care in general because
they experienced problems with care coordination and conti-
nuity between VA and community specialists.29 Coordination
of care across non-integrated health care systems in the VCP
places the onus on the patient/caregiver to manage scheduling,
track down test results, and submit prescriptions for medica-
tions and prosthetic devices back to VA.30 Concerns also have
been raised about duplication of effort, such as repeat testing
when access to community records is problematic.11 As the
VCP has evolved, VA facilities and providers may have
sought alternative strategies to encourage Veterans to seek
care at VA facilities for evaluation and treatment. In response
to VA’s priority of providing timely care to Veterans when they
want it and where they want it, VA programs may need further
innovation regarding health information technology and im-
plementation strategies to ensure access to and coordination of
care.31

VA sleep programs are opting to use home sleep studies and
are incorporating other telehealth strategies so Veterans have
less need to seek care from community providers.21, 25, 32 This
approach of consolidating care at a VA facility may be partic-
ularly important in reducing the burden of coordinating VA
procurement of equipment needs for Veterans related to treat-
ing any sleep problems identified. Patients with OSA are
usually provided with a CPAP device to manage their condi-
tion. There are reports of delays in receiving testing reports
and treatment recommendations from community testing sites
results in delays in procuring the needed equipment, delaying
the start of treatment (personal communication, K. Sarmiento,
MD, National Lead VHA TeleSleep; August 7, 2019). Com-
munication and coordination of care between VA and com-
munity providers are areas requiring further examination.
There were several limitations to this study. We excluded

cases with missing data, which may have biased our sample.
We were reliant on administrative data for a new program. It is
likely that there were errors, missing data, and other limita-
tions with these data. However, our data are consistent with
information reported by the national VA sleep program regard-
ing increased volume of sleep testing and use of home test-
ing,22 which enhances its generalizability. Specifically, the
overall demand for sleep evaluations continues to rise 6–
10% annually, diagnostic testing is increasing at similar rates
(with marked growth in home testing volumes), and the use of
sleep telehealth in rural facilities served by the TeleSleep

program is associated with a reduction in community care
utilization.32

CONCLUSION

Access to sleep studies increased in the first 4 years
following the implementation of the VA Choice Act.
Use of VA-authorized community providers for sleep
studies was more common for Veterans living in rural
areas, as would be expected. In addition, we saw a large
increase in use of home sleep studies by VA facilities
during this timeframe. VA-authorized community pro-
viders did not similarly increase their use of this mo-
dality. Home testing minimizes the burden on Veterans
with reduced travel burden to the patient. Keeping care
within VA also facilitates providers’ ability to coordinate
care. The VCP offers a means to access health care if
availability, timing, or distance to VA care is an issue.
Together, VCP and home testing increased access to
sleep testing for Veterans.
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