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Older adult US Medicare beneﬁciaries with untreated obstructive sleep apnea
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Study Objectives: To examine the effect of untreated obstructive sleep apnea (OSA) on health care utilization (HCU) and costs among a nationally
representative sample of Medicare beneﬁciaries.
Methods: Our data source was a random 5% sample of Medicare administrative claims data for years 2006–2013. OSA was operationalized as (1) receipt of one or
more International Classiﬁcation of Disease, Version 9, Clinical Modiﬁcation diagnostic codes for OSA in combination with (2) initiation of OSA treatment with either
continuous positive airway pressure or oral appliance (OA) therapy. First, HCU and costs were assessed during the 12 months prior to treatment initiation. Next, these
HCU and costs were compared between beneﬁciaries with OSA and matched control patients without sleep-disordered breathing using generalized linear models.
Results: The ﬁnal sample (n = 287,191) included 10,317 beneﬁciaries with OSA and 276,874 control patients. In fully adjusted models, during the year prior to
OSA diagnosis and relative to matched control patients, beneﬁciaries with OSA demonstrated increased HCU and higher mean total annual costs ($19,566,
95% conﬁdence interval [CI] $13,239, $25,894) as well as higher mean annual costs across all individual points of service. Inpatient care was associated with the
highest incremental costs (ie, greater than control patients; $15,482, 95% CI $8,521, $22,443) and prescriptions were associated with the lowest incremental
costs (ie, greater than control patients; $431, 95% CI $339, $522).
Conclusions: In this randomly selected and nationally representative sample of Medicare beneﬁciaries and relative to matched control patients, individuals
with untreated OSA demonstrated increased HCU and costs across all points of service.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea (OSA) is associated with signiﬁcant economic burden to patients, payers, and society.
But most research has been conducted among middle-aged adults, and little is known about the economic effect of OSA among older adults.
Study Impact: Current results are the ﬁrst to demonstrate the population-level economic effect of OSA among older adults in the US. Relative to a wellcharacterized control group, older adult Medicare beneﬁciaries with OSA demonstrated increased health care utilization and higher mean total annual costs
across all points of service. Inpatient care was associated with the highest incremental costs. These results demonstrate the substantial costs associated
with OSA. Examination of the economic effect and potential economic gain from treating OSA treatments speciﬁcally among older adults warrants much
greater research attention.

OSA is approximately 14% among men and 5% among women.17
Further, OSA affects up to 70% of elderly nursing home residents, and these individuals demonstrate increased mortality
risk and a greater tendency to die during sleep.18
In addition to these adverse health outcomes, evidence
suggests that untreated OSA is associated with increased
HCU and costs among older adults. For example, Tarasiuk and
colleagues conducted a clinic-based, case control study using
linked clinical and claims data.19 During the 2 years prior to
OSA diagnosis, elderly patients with OSA (n = 158) demonstrated costs 1.8 times higher than did matched control patients without OSA (n = 158).19 Similarly, Diaz and colleagues

INTRODUCTION
Obstructive sleep apnea (OSA) is a common and costly chronic
medical condition with substantial adverse health consequences including increased risk for cardiovascular disease
(CVD),1–3 stroke,4,5 metabolic syndromes and type 2 diabetes,6–8
depression,9 reduced quality of life,10 and premature death,11,12
as well as adverse economic outcomes including increased
health care utilization (HCU) and costs.13–15 In part due to
changes in patency of the upper airway, the prevalence of OSA
increases with age and is highest among older adults.16 Among
adults aged 30 to 70 years, the prevalence of moderate to severe
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performed a retrospective review of inpatient and outpatient
Veterans Health Administration data and found that elderly
veterans with newly diagnosed OSA (n = 31,287) experienced
signiﬁcantly more emergency department (ED) visits and hospitalizations than did either patients with chronic OSA (n = 50,891)
or no OSA (n = 1,785,698).20 Becerra and colleagues21 examined the effect of OSA and obesity on asthma-related hospitalizations in the US Nationwide Inpatient Sample. Among
both men and women older than 65 years, OSA was associated
with increased asthma-related hospitalization costs. In terms
of comorbid OSA, Tuohy and colleagues found that among
Medicare beneﬁciaries older than 67 years and initiating dialysis, untreated OSA was associated with increased nonnephrology outpatient encounters over 1.6 years.22
At the same time, not all studies have found increased HCU
among all older adult groups with OSA. Kao and colleagues
performed an administrative review in Taiwan and found that
among individuals ages 60 to 69 years and relative to matched
control patients without OSA (n = 430), patients with OSA
(n = 86) demonstrated 1.76× higher total costs as well as increased HCU across all points of service.23 However, no differences in costs or HCU were observed between a smaller
sample of older individuals ages 70 to 79 years (n = 33) and
matched control patients without OSA (n = 165).23 Similarly,
Tarasiuk and colleagues24 found the effect of OSA on HCU to
be attenuated among individuals older than 65 years, with few
differences between patients with OSA and matched control
patients without OSA observed among this age group.
Most research regarding OSA costs has been conducted on
middle-aged adults. However, in light of the rapidly aging
US populace,25 understanding the adverse economic effect of
OSA among older adults is particularly important to payers,
policymakers, and health systems leaders charged with managing
population health for the future. In addition, from a US perspective,
no study of which we are aware has examined the population-level
economic effect of OSA among older adults. Thus, the objective of
the current project was to evaluate HCU and costs associated with
untreated OSA among a randomly selected, nationally representative sample of Medicare beneﬁciaries in the United States. We
hypothesized that relative to matched control patients without
sleep-disordered breathing, beneﬁciaries with untreated OSA
would demonstrate increased HCU and costs.

postindex. These beneﬁciaries were then matched 1:4 on index
date to a control group composed of beneﬁciaries without
sleep disorder diagnoses, diagnostic procedures, or sleeprelated medication ﬁlls during the entire study period, who
also met the same continuous enrollment criteria.

Study design and population
Using the aforementioned dataset, we conducted a case-control
study to compare HCU and costs during the 12 months prior to
diagnosis between Medicare beneﬁciaries aged 65 years and
older with OSA and control patients without sleep-disordered
breathing. Cases were included in this study if they had an OSA
diagnosis and at least one ﬁll for a continuous positive airway
pressure machine or oral appliance therapy.

OSA cases
OSA was deﬁned by one or more inpatient or outpatient claims
including International Classiﬁcation of Disease, Ninth Revision,
Clinical Modiﬁcation (ICD-9-CM) codes (780.51, 780.53, 780.57,
327.23). The index date was the ﬁrst date of OSA diagnosis
occurring after a 12-month ‘clean’ period where there was no
OSA diagnosis.

Control patients
Control patients were identiﬁed based on the absence of sleeprelated diagnosis (insomnias, non-OSA sleep-related breathing disorders, sleep-related movement disorders, parasomnias,
central disorders of hypersomnolence, and other sleep disorders), treatment, or diagnostic procedure during the entire study
period (2006–2013).

HCU and costs
HCU was deﬁned as counts of claims over the 12-month period
prior to OSA diagnosis and categorized by point of service
(inpatient, outpatient, ED, and prescription claims). Mean annual costs were calculated overall and by point of service and
reported in 2013 US dollars. In terms of OSA-speciﬁc costs, any
coding for OSA (eg, provisional diagnosis required for polysomnography or home sleep apnea testing [HSAT]) would have
triggered assignment of the index date for OSA cases. Because
costs that occur on the index date are excluded from analysis,
these and subsequent OSA-speciﬁc costs are not considered in
the current study. We used the Consumer Price Index inﬂation
calculator available through the US Department of Labor
Statistics to convert costs to 2013 dollars.

METHODS

Data source

Covariates

Data for this study were obtained from a random 5% sample of
Medicare administrative claims from the Centers for Medicare
and Medicaid Services Chronic Conditions Warehouse for
years 2006–2013. Participants were identiﬁed within a larger
program of sleep research,26,27 including Medicare beneﬁciaries
with sleep disorders (1) in whom any sleep disorder including
OSA was diagnosed or (2) who ﬁlled a prescription for sleeprelated medications, while also maintaining continuous enrollment in Medicare Parts A, B, and D, with no Part C, for
12 months prior to the index date (ie, ﬁrst date of sleep disorder
diagnosis or sleep-related medication ﬁll) and 24 months

Information on beneﬁciary demographic characteristics was obtained from the claims ﬁles. The Chronic Conditions Warehouse
contains information on 27 comorbid conditions, with an annual
ﬂag for each condition as well as the date of ﬁrst diagnosis.28
We used the date of ﬁrst diagnosis to determine whether a
condition was present at the date of insomnia diagnosis (ie,
index date). Other comorbidities of interest were identiﬁed by
searching all claim types for relevant ICD-9-CM codes during
the study period. Any diagnoses received during the year prior
to insomnia diagnosis were assumed to be present at the index
date. A comorbidity index based on the Deyo adaptation of the
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Charlson Comorbidity Index was calculated and included in
subsequent analyses.29

inpatient HCU were lowest. In fully adjusted (ie, year of diagnosis, age, sex, race, and comorbidities listed in the supplemental material), negative binomial models and relative to
control patients, HCU was higher among beneﬁciaries with
OSA across all points of service (Table 3, model 2). No signiﬁcant effect modiﬁcation by sex was detected.
OSA cases demonstrated higher mean annual health care costs
than did control patients, including total annual health care costs
($100,383 [SD $322,495] vs $53,477 [SD 208,280], respectively;
Table 2), with costs increasing during the 12 months prior to
diagnosis (Figure 2). In fully-adjusted (ie, year of diagnosis, age,
sex, race, and comorbidities listed in the supplemental material)
models and relative to control patients, beneﬁciaries with OSA
demonstrated higher total annual costs ($19,566, 95% CI $13,239,
$25,894; Table 4, model 2). Inpatient care was associated with the
highest difference in costs between cases and controls ($15,482,
95% CI $8,521, $22,443) and prescriptions were associated with the
lowest difference in costs between cases and control patients ($431,
95% CI $339, $522). No effect modiﬁcation by sex was detected.
In sensitivity analyses, a less speciﬁc deﬁnition of OSA (ie,
requiring an OSA diagnosis but not a positive airway pressure
charge requirement) resulted in higher HCU and much higher costs
across all categories (eg, greater total incremental costs in control
patients of $32,258 vs. $19,566 among those with a positive airway
pressure ﬁll, data not shown). Including PS (ie, based on baseline
comorbidities and demographic characteristics such as age and sex)
in the models as a covariate did not change effect estimates from
fully adjusted models. Finally, the PS matching process resulted in
10,317 cases and 10,317 matched control patients, but ultimately
did not result in signiﬁcant changes to effect estimates.

Statistical analysis
Bivariate comparisons between OSA cases and healthy sleep
control patients were assessed using Pearson chi-square for categorical variables and Student’s t tests for continuous variables.
We calculated total unadjusted mean HCU and costs by point
of service and present these with their standard deviation (SD).
To accommodate overdispersion of the count data, negative
binomial models were used to compare HCU between OSA cases
and control patients. All models were run separately for each point
of service. Unadjusted models were only adjusted for year of
diagnosis. Because of the large number of potential confounders,
adjusted models were built using a backward selection procedure,
keeping those variables signiﬁcant at P < .001. We tested effect
modiﬁcation by sex by including an interaction term in each
model, with a value of P < .05 indicative of possible effect
modiﬁcation. Mean costs were modeled using a generalized
linear model with a gamma distribution and log link. We used a
similar process to build unadjusted and adjusted ﬁnal models.
Because our approach was based on several assumptions, we
also conducted multiple sensitivity analyses to test robustness
of results. First, we tested a less restrictive deﬁnition of OSA
that did not require a positive airway pressure ﬁll. Next, we
created propensity scores (PS) by modeling case status as a
function of baseline comorbidities and demographic characteristics using logistic regression and outputting the probabilities. We
used these PS in two ways. First, we included them in our negative
binomial and generalized linear models as covariates. Next, we
created a 1:1 PS matched set using greedy matching with a
caliper distance of 0.2 and reran all between-groups analyses.
All analyses were performed using SAS software version 9.4
(SAS Institute, Cary, North Carolina, United States) and Stata version
14 (StataCorp LP, College Station, Texas, United States). This study
was approved by the University of Maryland, Baltimore Institutional Review Board (Project ID: HCR-HP-00072414-2).

DISCUSSION
The current ﬁndings reﬂect the largest analysis to date of the
economic burden of untreated OSA among a randomly selected,
national sample of older adult Medicare beneﬁciaries. Understanding the economic burden of OSA among older adults
has been recognized as an understudied and high priority area
for research. Overall, results demonstrate both the high burden
of comorbid OSA as well as signiﬁcantly increased HCU and
costs associated with the disorder. Relative to matched control
patients, older adults with OSA demonstrated higher levels
of all medical and psychiatric comorbidities studied, excepting
Alzheimer disease and related dementias. Further, relative
to matched control patients, beneﬁciaries with untreated OSA
demonstrated greater HCU and costs across all points of service,
including inpatient, outpatient, ED, and prescription medications during the 12 months prior to OSA diagnosis. These
results are generally consistent with and add a population
health perspective to previous literature,19–21 thus highlighting
the clinical and economic importance of OSA speciﬁcally
among older adults. The preponderance of evidence from prior
research conducted among mostly middle-aged adults demonstrates that OSA is associated with increased HCU and approximately double the costs.15 However, two of six previous
studies23,24 conducted among older adults found no differences
in HCU or costs between those with and without OSA. In this

RESULTS

Participants
We identiﬁed 10,317 OSA cases and 276,874 control patients
meeting eligibility criteria between 2006–2013, resulting in a
total sample of 287,191 beneﬁciaries. Participants were predominantly female (64.4%) and non-Hispanic white (84.6%)
(Table 1). The mean (SD) age of the sample was 75.9 (7.6) years
with OSA cases being younger than control patients (72.4 [5.6]
versus 76.0 [7.7] years, P < .001). Despite their younger age,
beneﬁciaries with OSA had a higher comorbidity burden than
control patients (almost all comorbidities signiﬁcantly higher).

HCU and costs
Mean annual HCU during the 12 months prior to OSA diagnosis
was higher among beneﬁciaries with OSA compared to control
patients across all points of service (Table 2), with HCU increasing during the 12 months prior to diagnosis (Figure 1).
Counts for prescriptions were highest, whereas claims for
Journal of Clinical Sleep Medicine, Vol. 16, No. 1
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Table 1—Baseline characteristics of OSA cases and for control patients, 2006–2013.

Age, years, mean (SD)
Sex, n (%)
Male
Female
Race/ethnicity, n (%)
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Comorbid conditions, n (%)
Depression

OSA Cases
(n = 10,317)
72.4 (5.6)

Control Patients
(n = 276,874)
76.0 (7.7)

4,968 (48.1)

97,224 (35.1)

5,349 (51.9)

179,650 (64.9)

9,187 (89.1)
637 (6.2)

233,831 (84.5)
23,402 (8.4)

210 (2.0)
283 (2.7)

6,342 (2.3)
13,299 (4.8)

P*
< .001
< .001

< .001

1,887 (18.3)

2,474 (8.9)

< .001

Anxiety
ADRD
Asthma
Atrial ﬁbrillation

1,323 (12.8)
632 (6.1)
1,659 (16.1)
1,734 (16.8)

20,229 (7.3)
28,804 (10.4)
21,046 (7.6)
31,145 (11.3)

< .001
< .001
< .001
< .001

Heart failure
Chronic kidney disease
COPD
Diabetes
Hyperlipidemia

3,060 (29.7)
1,850 (17.9)
2,800 (27.1)
4,340 (42.1)
8,562 (83.0)

57,907 (20.9)
36,911 (13.3)
51,529 (18.6)
83,844 (30.3)
190,497 (68.8)

< .001
< .001
< .001
< .001
< .001

Hypertension
Ischemic heart disease
Osteoporosis
Rheumatoid arthritis

8,935 (86.6)
5,819 (56.4)
2,819 (27.3)
5,816 (56.4)

205,889 (74.4)
116,896 (42.2)
93,062 (33.6)
122,347 (44.2)

< .001
< .001
< .001
< .001

Stroke
Deyo CCI
0
1
2
3+

1,313 (12.7)

33,759 (12.2)

.10

1,650 (16.0)
3,114 (30.2)
2,673 (25.9)
2,880 (27.9)

76,551 (27.7)
86,155 (31.1)
59,837 (21.6)
54,331 (19.6)

< .001

Value of P from t test or chi-square goodness of ﬁt. ADRD = Alzheimer disease and related dementias, CCI = Charlson Comorbidity Index, COPD = chronic
obstructive pulmonary disease, OSA = obstructive sleep apnea.

vein the current, large national study builds on prior research
and supports dramatically elevated costs among older adults
with OSA. As health care shifts from volume to value,30 economic aspects of disease will become increasingly important
to patients, payers, policymakers, and the public at large.
Older adults represent a particularly important vulnerable
population for OSA surveillance and treatment. In the current
study, the older adult population is the greatest novel contribution to the literature, as OSA remains largely undiagnosed
and untreated in the elderly. For example, in a survey of
community-dwelling Medicare beneﬁciaries age 65 years and
older as part of the National Health and Aging Trends Study
survey, 56% of participants were estimated to be at high risk of
OSA based on self-reported symptoms, but only 8% had undergone diagnostic assessment for OSA. Interestingly, 94% of
those tested received a subsequent diagnosis of OSA.31 At the
Journal of Clinical Sleep Medicine, Vol. 16, No. 1

same time, OSA is increasingly recognized as an important
comorbidity among the elderly, with a signiﬁcant increase in
sleep testing among Medicare beneﬁciaries between 2000 to
2014.32 In addition to well-documented health consequences
of OSA, current results demonstrate the adverse economic
outcomes associated with OSA among older adults. These
results are that in terms of cost containment, payers, policymakers, and health systems leaders should consider routine
screening for OSA among their older adult patient populations, and especially older adult patients with medical and
psychiatric comorbidity.
An unexpected ﬁnding in the current analysis is that more
women than men were included in our OSA sample. This ﬁnding
might simply because of the age of the OSA group, and life
expectancy in the United States. Or, based on our operational
deﬁnition of OSA (new diagnosis and treatment initiation),
84
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Table 2—Annual HCU and costs in the 12 months prior to OSA diagnosis or matched index date among Medicare beneﬁciaries
2006–2013 (n = 287,191).
OSA Cases
(n = 10,317)

Control Patients
(n = 276,874)

0.36 (0.81)
0.56 (1.11)
5.50 (6.55)
23.92 (15.22)

0.19 (0.59)
0.34 (0.84)
3.47 (5.23)
17.97 (15.13)

68,249 (281,417)
1,687 (5,815)
27,409 (112,338)

34,852 (171,577)
1,039 (4,664)
15,563 (93,708)

3,038 (3,415)
100,383 (322,495)

2,025 (2,960)
53,477 (208,280)

HCU per person
Inpatient, no. of visits
Emergency department, no. of visits
Outpatient, no. of visits
Prescriptions, no. of ﬁlls
Costs per patient in 2013 dollars
Hospital
Emergency department
Outpatient
Prescriptions
Total

Data presented as mean (standard deviation). HCU = health care utilization, OSA = obstructive sleep apnea.

Figure 1—HCU by point-of-service during the year prior to OSA diagnosis or index date for control patients.

Relative to control patients, Medicare beneﬁciaries with OSA consume more health care resources across all points of service, including hospital visits,
emergency department visits, outpatient visits, and prescription ﬁlls during the year prior to diagnosis. Visual inspection reveals that among beneﬁciaries in
whom OSA was subsequently diagnosed, HCU increases in the months leading up to OSA diagnosis, with the steepest increases in hospital and ED visits, and
the least increase in prescription ﬁlls. One possibility is that increases in HCU reﬂect seeking care for OSA-related symptoms or comorbidities. Conversely,
for control patients demonstrate much lower HCU, with less variability, during a similar 12-month period, due to less engagement with the health system.
HCU = health care utilization, OSA = obstructive sleep apnea.

that make OSA among women less likely to be diagnosed.34,35
However, after menopause the prevalence of OSA increases
among women, such that the prevalence of OSA among older
adult men and women is approximately equal, likely because

another possible explanation for this result could be age-related
trajectories of OSA. It is well documented that through middle
age, the prevalence of OSA is higher among men than among
women, 33 perhaps due to differences in clinical manifestation
Journal of Clinical Sleep Medicine, Vol. 16, No. 1
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Table 3—Adjusted rate ratios of HCU among OSA cases compared to control patients during the 12 months prior to OSA diagnosis
or matched index date among Medicare beneﬁciaries 2006–2013 (n = 287,191).
Inpatient
Emergency department
Outpatient

Model 1
1.84 (1.75, 1.93)
1.68 (1.61, 1.74)
1.59 (1.54, 1.63)

Model 2
1.32 (1.26, 1.38)
1.36 (1.31, 1.41)
1.29 (1.26, 1.32)

Prescriptions

1.33 (1.31, 1.35)

1.16 (1.14, 1.17)

Data presented as adjusted rate ratio (95% conﬁdence interval). Model 1 adjusted for year of diagnosis. Model 2 adjusted for year of diagnosis, age, sex, race,
and comorbidities listed in the supplemental material. HCU = health care utilization, OSA = obstructive sleep apnea.

Figure 2—Total mean monthly costs during year prior to OSA diagnosis or index date for control patients.

Total mean monthly costs for Medicare beneﬁciaries with OSA increase during the year prior to OSA diagnosis. Dramatic increases occur within 3 months prior
to diagnosis and might reﬂect seeking care for OSA-related symptoms or comorbidities. During the same period, total mean monthly costs for control patients do
not increase, reﬂecting less engagement with the health care system. OSA = obstructive sleep apnea.

of changes in upper airway patency among women.33 Thus,
it is possible that OSA in older women is more likely to
be newly diagnosed, whereas men are more likely to have
preexisting OSA (which would have resulted in exclusion from this study). Regardless of the mechanism underlying the number of men and women who participated in
this study, the association between OSA and HCU and costs
was not modiﬁed by sex.
Results from this study suggest important directions for
future research. Most importantly, researchers should seek to
determine the mechanisms by which untreated OSA so dramatically increases HCU and costs among older adults. Given
the high rates of comorbidity associated with OSA and observed in this study, we propose at least two methodologic
approaches will be helpful to identify OSA-speciﬁc costs. First,
researchers should examine the clinical and economic effect of
OSA among subsets of patients with high-cost comorbidities,
such as CVD, chronic pain, depression, and type II diabetes
Journal of Clinical Sleep Medicine, Vol. 16, No. 1

mellitus.36 This will help reduce confounding and reduce
methodological variance.
Second, given the highly heterogeneous nature of OSA
itself, future research should seek to identify empirically derived clusters of patients with OSA based on demographic,
comorbid disease, daytime symptoms, medication adherence,
and cost proﬁles, among other factors.37,38 Such phenotyping
efforts are likely to lead to advanced understanding of OSA
disease processes, clarify OSA clinical and economic trajectories,
stratify patients with OSA into meaningful clusters based on
disease and economic risk, and identify patients likely to beneﬁt
from aggressive treatment efforts. Related to understanding OSA
costs and comorbidities, greater insight is needed into triggers and
clinical pathways that lead to OSA diagnosis.39 For example,
consistent with earlier literature, we found that HCU and costs
increased during the 12 months prior to OSA diagnosis.39,40 It
will be important to understand the effect of undiagnosed OSA
on the medical conditions that led to contact with the health
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Table 4—Adjusted marginal effects of total Medicare costs in 2013 dollars among OSA cases compared to control patients during
the 12 months prior to OSA diagnosis or matched index date among Medicare beneﬁciaries 2006–2013 (n = 287,191).
Inpatient
Emergency department
Outpatient
Prescriptions

Model 1
32,988 (32,983, 32,993)
637 (637, 638)
11,960 (11,957, 11,964)
1,003 (1,002, 1,005)

Model 2
15,482 (8,521, 22,443)
455 (277, 634)
5,763 (3,391, 8,134)
431 (339, 522)

Total

46,601 (46,595, 46,607)

19,566 (13,329, 25,894)

Data presented as adjusted marginal effect (95% conﬁdence interval). Marginal effects reﬂect the incremental change in costs between controls and
OSA cases. Model 1 adjusted for year of diagnosis. Model 2 adjusted for year of diagnosis, age, sex, race, and comorbidities listed in the supplemental material.
OSA = obstructive sleep apnea.

performed via more expensive in-laboratory polysomnography.
In the current study, sleep apnea diagnostic testing costs are
reﬂected in outpatient costs and total costs, but OSA testing
costs do not affect ED, inpatient, or prescription costs. Although
not assessed as part of the current study, differences in outpatient costs and total costs between beneﬁciaries with OSA and
control patients were presumably greater prior to NCD 240.4.
Even so, OSA cases demonstrated greater outpatient and total
HCU and costs during the overall study period, which includes
the implementation of HSAT. Fourth, our administrative design
precludes determination of causality. Speciﬁcally, we are unable to
determine whether OSA leads to costly comorbid conditions, or
whether conditions such as CVD, type 2 diabetes mellitus, and
others lead to OSA, which then increases costs. Fifth, OSA cases
differed signiﬁcantly from control patients and were more likely
to experience almost all comorbid conditions studied. To minimize
the effects of this potential confounding, we controlled for all
comorbid conditions and employed PS matching to optimize
exchangeability between OSA cases and control patients in sensitivity analyses. Even so, despite our best efforts, residual confounding might have been present. Sixth and ﬁnally, although our
administrative review enabled a comprehensive assessment of
HCU and costs from the payer perspective, we were unable to
assess economic outcomes from the patient, employer, or societal
perspectives. Understanding the economic effect of OSA from
the perspective of these varied stakeholders is vitally needed.
In conclusion, the current study represents the largest analysis to date of the economic burden associated with untreated
OSA among Medicare beneﬁciaries in the United States. Relative to control patients without sleep-disordered breathing,
beneﬁciaries with untreated OSA demonstrated markedly increased HCU and costs across all points of service, including
outpatient encounters, inpatient stays, ED visits, and prescription medications. Future research should seek to understand the effect of comorbid OSA as well as evaluate the
economic effect of OSA treatments among older adults.

system in the 12 months prior to diagnosis. Related to this,
although all participants in the current study were insured
Medicare beneﬁciaries, the role of health-seeking behavior and
provider referrals warrants research attention. Finally, there is
dramatic need to examine economic aspects of OSA following
diagnosis, including the potential economic beneﬁt from OSA
treatments among older adults. Wickwire and colleagues41
recently performed a systematic review of peer-reviewed literature regarding economic effect of OSA treatments, yet only 2 of
17 included studies42,43 were conducted among older adults.
This study has strengths. First, our results represent the largest
analysis to date of the economic burden associated with untreated
OSA among Medicare beneﬁciaries. Second, in addition to being
large, our sample was randomly selected from a nationally representative sample of actual Medicare administrative claims. Medicare
beneﬁciaries represent a largely affected population as Medicare is the
largest health payer for older adults in the United States, and a leading
developer of health policy. Third, we employed a highly speciﬁc operational deﬁnition of OSA, requiring not only a physician-assigned
OSA diagnosis but also initiation of a Medicare-approved ﬁrst-line
OSA therapy (continuous positive airway pressure or oral appliance).
Fourth, we captured a very broad range of health expenditures across
multiple points of service, including HCU and costs associated with
outpatient, inpatient, ED, and medication prescriptions, thus ensuring
comprehensive assessment of costs from the payer perspective.
At the same time, our administrative approach has limitations.
First, although our operational deﬁnition of OSA was highly speciﬁc,
requiring conﬁrmed OSA and initiation of treatment, OSA is
underdiagnosed among older adults. Thus, it is possible that our
control group contained undiagnosed OSA cases. Of course, this
confound would have biased results toward the null, suggesting that
the true difference in HCU and costs is likely higher than reported
here. Interestingly, sensitivity analyses suggested higher HCU and
costs when OSA cases who did not initiate treatment were included.
Second, ICD-9-CM codes and administrative claims data do not
provide needed insight into OSA disease severity, sleep characteristics, daytime symptoms, or other important patient-centered, clinical
information such as body mass index that is related both to OSA
as well as many comorbid conditions. Third, HSAT (“portable
monitoring”) was approved during the study period, via Centers
for Medicare and Medicaid Services National Coverage Determination (NCD) 240.4 that was implemented on August 1,
2008. Prior to NCD 240.4, all OSA diagnostic testing was
Journal of Clinical Sleep Medicine, Vol. 16, No. 1
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ANOVA, analysis of variance
CI, conﬁdence interval
CVD, cardiovascular disease
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ED, emergency department
GBP, Great Britain pounds
HCPCS, Healthcare Common Procedure Coding System
HCU, health care utilization
HSAT, home sleep apnea testing
ICD-9-CM, International Classiﬁcation of Disease, Version 9,
Clinical Modiﬁcation
NCD, National Coverage Determination
OSA, obstructive sleep apnea
RR, rate ratio
SD, Standard deviation
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