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Study Objectives: To assess the prevalence rates of sleep-disordered breathing (SDB) in a high-risk and rural-dwelling Medicaid population with significant
comorbidities.
Methods: Our study analyzed anonymized administrative claims data fromWest Virginia (WV) Medicaid. Claims data from 2019 were aggregated at the individual
level to assess the overall prevalence of SDB and related conditions among adult Medicaid beneficiaries. The prevalence rate of SDB, specifically among individu-
als who had comorbid congestive heart failure, chronic obstructive pulmonary disease, or obesity, was determined. Finally, we compared our prevalence estimates
from this Medicaid database with prevalence rates from national datasets including the Centers for Disease Control and Prevention’s Behavioral Risk Factor
Surveillance System.
Results: Of the total 413,757 Medicaid enrollees ≥ 18 years old analyzed, 36,433 had a diagnosis code of SDB for an overall prevalence of 8.8%. Based on
national datasets and our study cohort characteristics, we conservatively estimated the prevalence of SDB in this WV Medicaid population to be 25%. For our
secondary analyses, we determined the prevalence of SDB in specific disease cohorts of congestive heart failure (SDB prevalence 45%), chronic obstructive
pulmonary disease (SDB prevalence 27%), and obesity (SDB prevalence 14%).
Conclusions: Our analysis of WV Medicaid claims data indicates that SDB and other important medical conditions are underrecognized in this vulnerable,
high-risk, primarily rural population. Interestingly, SDB was identified at high rates in the disease cohorts of interest. Our team believes SDB represents an ideal
target/model for addressing the growing health disparities in the United States, which is a major concern for all stakeholders in health care.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Health disparities in the United States, especially the urban-rural health divide, remain a major concern for all
stakeholders in health care. This disparity is compounded in sleep medicine as specialists in the field and centers of expertise are located almost exclu-
sively in large urban academic medical centers. Our previous work suggested that sleep-disordered breathing is underrecognized and ineffectively treated
in Appalachian communities. To further evaluate this disparity, we used administrative claims data from the West Virginia Bureau for Medical Services.
Study Impact: Our analysis demonstrates that sleep-disordered breathing and other important medical conditions are underrecognized in this vulnerable,
high-risk, primarily rural population. Sleep-disordered breathing represents a model disease for potentially addressing disparity in these disadvantaged
rural communities.

INTRODUCTION

West Virginia (WV) has the highest rates of obesity, cardiovas-
cular disease, and smoking-related pulmonary illness in the
United States.1–4 Sleep-disordered breathing (SDB) consists of
several separate breathing disorders, including obstructive sleep
apnea (OSA) and central sleep apnea. OSA is a common but
underdiagnosed clinical problem characterized by upper airway
narrowing and closure during sleep that results in intermittent
nocturnal hypoxemia and fragmented sleep. Central sleep apnea
is characterized by airflow limitation in the absence of

respiratory effort. SDB is independently associated with day-
time sleepiness and metabolic and cardiovascular risk.5 Given
the high prevalence of obesity in WV, a known risk factor for
SDB, identification and treatment of SDB could have a positive
impact on the health of this medically underserved rural state.6

Our tertiary care academic hospital at West Virginia University
(WVU) is unique in that it serves almost an exclusively rural
Appalachian population.7 Our previous work suggests that
SDB is underrecognized in rural WV.8 While SDB is a common
clinical problem that is underdiagnosed and undertreated, even
in modern, urban settings, we suspect this underrecognition is
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further exacerbated by the significant health care disparities in
our region.9–11 A better understanding of SDB recognition,
diagnosis, and management patterns could have important
implications for improving neurocognitive, metabolic, and car-
diovascular outcomes in our rural population.

WV is one of the poorest states in the United States, with
approximately one-third of the population receiving health care
coverage from Medicaid.12 Many of these patients receive
primary care at Federally Qualified Health Centers. These
community-based health care centers receive funds from the
US Health Resources and Services Administration Health Cen-
ter Program to provide care in underserved areas.13 We hypoth-
esized that SDB is underrecognized in this vulnerable Medicaid
population. To test this hypothesis, we used administrative
claims data from the West Virginia Bureau for Medical Serv-
ices to assess the prevalence of SDB and related conditions
among adult Medicaid enrollees in 2019 and compared this
with national prevalence studies and national databases as
described below. As part of our analysis, we included disease
processes highly prevalent in the region whose outcomes have
been shown to improve with successful identification and treat-
ment of SDB.14–17 We included a demographic analysis to eval-
uate whether certain characteristics informed the diagnosis of
SDB in this large rural sample.

METHODS

Data source
This retrospective study analyzed anonymized administrative
claims data from WV Medicaid. The WVU Office of Health
Affairs has a Memorandum of Understanding with the West
Virginia Department for Health and Human Resources to use
state data sources for approved research projects. This partner-
ship provides WVU faculty access to anonymized Medicaid
claims data that are updated monthly. These data include all
claims, encounter, and enrollment data for Medicaid beneficia-
ries. Record-level claims data from 2019 were aggregated at the
individual level to assess the overall prevalence of SDB and
related conditions among adult Medicaid beneficiaries. While
there are inherent problems with utilizing claims data, we
elected to use this database for a number of reasons: (1) this in
one of the state’s largest patient databases representing approxi-
mately one-third of the state’s population, thus this analysis
would give us a broad general sense of recognition patterns;
(2) our population of interest is disadvantaged rural-dwelling
individuals, which make up a significant portion of patients in
this database; (3) the intent of this large database study is to lay
the foundation for future research aimed at getting a more gran-
ular view of SDB recognition patterns in Appalachia.

Study sample
This study included all 413,757 WV Medicaid beneficiaries
≥ 18 years old enrolled in the program for any period in calen-
dar year 2019. We used International Classification of Dis-
eases, Tenth Revision (ICD-10), codes (decimals omitted for
accuracy as these are not present in our database) to assess the

prevalence of SDB by itself and together with common comor-
bid conditions. We utilized the Clinical Classification Software
(CCS) from the Agency for Healthcare Research and Quality to
help identify different diagnostic codes of interest.18 CCS
groups all 77,000 ICD-10 diagnosis codes into �250 different
clinically relevant categories, allowing for simpler identifica-
tion of relevant codes such as obesity, chronic obstructive pul-
monary disease (COPD), and heart failure. As mentioned
above, we included obesity, COPD, and heart failure as 3
comorbid conditions of interest as they are highly prevalent in
WV and outcomes have been shown to improve with successful
identification and treatment of SDB.14–17

For example, the numerous ICD-10 codes for heart failure
(I50 heart failure, unspecified, I501 left ventricular failure,
unspecified, I502 systolic [congestive] heart failure, I5020
unspecified systolic [congestive] heart failure, I5021 acute sys-
tolic [congestive] heart failure, I5022 chronic systolic [conges-
tive] heart failure, I5023 acute on chronic systolic [congestive]
heart failure, I503 diastolic [congestive] heart failure, I5031
acute diastolic [congestive] heart failure, I5032 chronic dia-
stolic [congestive] heart failure, I5033 acute on chronic dia-
stolic [congestive] heart failure) all fall into CCS category 108,
the clinically relevant category of “Congestive Heart Failure,
non-hypertensive.”

COPD ICD-10 codes included J42 Unspecified chronic
bronchitis, J439 Emphysema, unspecified, J449 Chronic
obstructive pulmonary disease, unspecified, J984. These codes
are classified CCS 127 Chronic obstructive pulmonary disease
and bronchiectasis. We also included CCS code 133 Other
lower respiratory diseases. This includes ICD-10 codes for
J984 Other disorders of the lung, J988 Other specified respira-
tory disorders, and R0600 Dyspnea, unspecified.

Obesity was coded under CCS 58 Other nutritional; endocrine;
and metabolic disorders. ICD-10 codes included were E6601Mor-
bid (severe) obesity due to excess calories, E6609 Other obesity
due to excess calories, E661 Drug-induced obesity, E662 Morbid
(severe) obesity with alveolar hypoventilation, E663 Overweight,
E668 Other obesity, and E669 Obesity, unspecified. Those identi-
fied as obese were stratified by body mass index (BMI) based on
ICD-10 codes. Z6841 BMI 40.0–44.9 (kg/m2) adult, Z6842 BMI
45.0–49.9 (kg/m2) adult, Z6843 BMI 50–59.9 (kg/m2) adult, and
Z6844 BMI 60.0–69.9 (kg/m2) adult.

Finally, the CCS scheme codes SDB under 259—Residual
codes. This includes ICD-10 codes G4731 Primary central sleep
apnea, G4733 Obstructive sleep apnea (adult) (pediatric),
G4734 Idiopathic sleep related nonobstructive alveolar hypo-
ventilation, G4736 Sleep related hypoventilation in conditions
classified elsewhere, G4737 Central sleep apnea in conditions
classified elsewhere, and G4739 Other sleep apnea.

Our team debated whether to utilize specific diagnostic
codes for the conditions of interest or to include broader diag-
nostic codes for the study. For instance, we considered utilizing
only G4733 obstructive sleep apnea (adult) (pediatric) for this
analysis but given the limitations with using billing codes, par-
ticularly relying on nonspecialists to accurately code obstruc-
tive sleep apnea, our team felt including all codes for SDB
would provide better insight into recognition patterns of these
rural providers. Similarly, for COPD, we included broad codes,
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such as J984 Other disorders of the lung. We elected to use
these broad terms as our hypothesis is that these disorders are
underrecognized. Using broader terms ensured that we were
erring on the side of overcoding these conditions and thus if we
found disorders undercoded it would not be in error simply
because the codes were too focused. The intent of this large
database study is to lay the foundation for future research aimed
at providing a more granular view of sleep apnea recognition
patterns in rural-dwelling populations.

Data analysis
We separated Medicaid enrollees’ demographic data for 2019
based on the presence of an SDB diagnosis code and performed
chi-square and t tests to assess demographic differences
between those with an SDB diagnosis code vs those without a
SDB diagnosis code (Table 1). Unfortunately, smoking status
was not available.

We calculated the overall prevalence of SDB, COPD, con-
gestive heart failure (CHF), and obesity among the 2019Medic-
aid population. We also calculated the rate of SDB specifically
among individuals who had comorbid CHF, COPD, or obesity
(Table 2). The overall disease prevalence was calculated as the
total number of individuals with a particular diagnosis divided
by the total number of Medicaid enrollees. An individual was
classified as having a diagnosis if they had at least 1 profes-
sional or facility claim with a relevant primary or secondary
diagnosis code at any point in 2019. SDB prevalence in specific
comorbid conditions was calculated by dividing the number of
individuals with comorbid SDB by the total number of individ-
uals with the medical condition—for example, the number of
enrollees with CHF and SDB divided by the number of enroll-
ees with CHF.

Finally, we compared the calculated prevalence estimates from
this Medicaid database with prevalence rates from national stud-
ies and databases including the Centers for Disease Control and
Prevention (CDC), including the Behavioral Risk Factor Surveil-
lance System (BRFSS).9,19–22 This surveillance system of adult
health conditions conducted by telephone surveys collects data
regarding their health-related risk behaviors, chronic health con-
ditions, and use of preventive services. BRFSS started in 1984 in
15 states and now collects data in all 50 states as well as the Dis-
trict of Columbia and 3 US territories, completing over 400,000
interviews each year and making it the largest continuously con-
ducted health survey system in the world. The combined state
BRFSS data have been validated by other national household sur-
vey data, including the National Health Interview Survey and the
National Health and Nutrition Examination Survey, for major
health outcome measures and chronic diseases.23–25 With the
increase in the number of people who are either mostly-cellphone
and cellphone-only, the BRFSS has updated its sampling design,
including weighting technology (ie, Iterative Proportional Fitting
or Raking) that has been validated and officially integrated in
BRFSS surveys since 2011.26 The validity and reliability of the
BRFSS survey have been reviewed in detail.27 Unfortunately,
the BRFSS does not include data on SDB. To complete this
assessment, we compared our sample with large national data
including theWisconsin Sleep Cohort.9,21,22

This research was supported by the WVU Health Sciences
Center Office of Health Affairs and approved by the
WVU Institutional Review Board (Exempt Protocol number
2009114469).

RESULTS

Of the total 413,757 Medicaid enrollees analyzed, 36,433 had a
diagnosis code of SDB for an overall prevalence of 8.8%. For
our secondary analyses, we determined the number of enrollees
with CHF (17,831; prevalence, 4.3%), COPD (70,533; preva-
lence, 17.1%), and obesity (58,853; prevalence, 14.2%).

Demographic analyses (Table 1) demonstrated that individu-
als with SDB were more likely to be older, White, female, and
have a fee for service vs managed-care enrollment. Individuals
with one of the comorbid conditions of interest had a statisti-
cally higher prevalence of SDB. The prevalences of diagnosed
SDB specifically among populations with different comorbid-
ities of interest are presented in Table 2. Of the 17,831 enroll-
ees with a diagnostic code of CHF, 7,981 had a comorbid SDB
diagnostic code for an SDB prevalence rate of 44.8% in this
cohort. For comorbid COPD, 20,968 of the 70,533 individuals
had a diagnosis of SDB, for a prevalence rate of 29.7%. Last, of
the 58,853 individuals with comorbid obesity, 16,081 had SDB
for a prevalence rate of 27.3%. We further categorized obesity
by BMI based on diagnostic codes and found that over half of
the cohort with a BMI greater than 60 had a diagnostic code of
SDB (53.9%).

Comparison of our coding data to national datasets was com-
pleted for SDB, CHF, obesity, and COPD. Based on our popu-
lations’ characteristics, we estimated that the prevalence of
SDB in this WVMedicaid population would be 25%. Our anal-
ysis demonstrates that 8.8% of Medicaid enrollees carried an
SDB diagnostic code in 2019. The CDC’s databases were que-
ried for reports on prevalence rates of obesity (40%), CHF
(15%), and COPD (20%) in WV.20,28,29 Our analysis of the
Medicaid database identified prevalence rates based on billing
codes for CHF of 4.3%, COPD of 17.1%, and obesity of 14.2%.

DISCUSSION

In our analysis of WV Medicaid claims data from 2019 we
showed the prevalence of SDB to be 8.8% as compared with
estimations of 20–50% noted in larger cohort studies.9,21,22 We
also found lower prevalence rates of diagnostic codes for other
common comorbid health conditions that have important clini-
cal implications in the context of SDB. For instance, WV has
the highest obesity rate in the United States, approaching 40%,
yet only 14.2% of Medicaid enrollees carried this diagnosis
code.1 WV also has one of the highest heart failure death rates
in the country, with an average 219 per 100,000 annual death
rate compared with the national average of 174 per 100,000
based on 2016–2018 CDC data.20 Medicaid provides health
care coverage for approximately one-third of the WV popula-
tion. One would assume this high death rate would correlate to
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a high prevalence of CHF in the population, yet only 4% of
2019 Medicaid enrollees had a Medicaid claim with a heart fail-
ure diagnosis code in 2019. While this finding, in part, may
be explained by inaccurate coding, we suspect other factors
must also be involved to explain such a large discrepancy.

For instance, given the geographic isolation and health care
access issues of our Appalachian communities, underrecogni-
tion and delayed recognition also likely play an important role
in heart failure outcomes (ie, when patients with CHF are
finally identified, they are so sick they die at higher rates).

Table 1—Medicaid enrollees’ demographic data for 2019 based on the presence of an SDB diagnostic code.

Population with SDB
(n = 36,433; 8.8%)

Population without SDB
(n = 377,324; 91.2%) P

Sex (n = 413,757)

Male 14,553 (39.9%) 162,699 (43.1%) < .0001

Female 21,880 (60.0%) 214,622 (56.9%)

Missing 3

Race (n = 413,757) 0 missing

African American 1,437 (3.9%) 15,703 (4.2%) < .0001

White 32,179 (88.3%) 323,685 (85.8%)

Hispanic 37 (0.1%) 314 (0.1%)

Other 35 (0.1%%) 428 (0.1%)

Unknown/missing race code 2,745 (7.5%) 37,194 (9.9%)

Age (n = 413,757), 0 missing

n 36,433 (8.8%) 377,324 (91.2%) < .0001

Mean (years) 52.6 43.0

SD 14.8 17.0

Age group (years) (n = 413,757)

18–29 2,906 (8.0%) 104,292 (27.6%) < .0001

30–39 4,478 (12.3%) 81,299 (21.6%)

40–49 7,433 (20.4%) 65,367 (17.3%)

50–59 10,405 (28.6%) 60,350 (16.0%)

60–69 7,135 (19.6%) 38,887 (10.3%)

70–79 2,760 (7.6%) 16,204 (4.3%)

80–89 1,069 (2.9%) 8,332 (2.2%)

90+ 246 (0.7%) 2,578 (0.7%)

Missing 3

Claim type (n = 413,757), 0 missing

FFS 17,480 (48.0%) 158,777 (42.1%) < .0001

MCO 18,953 (52.0%) 218,547 (57.9%)

Medicare/Medicaid dual eligibility
(n = 413,757), 0 missing

Medicaid only 23,303 (64.0%) 297,101 (78.7%) < .0001

Medicare/Medicaid 13,130 (36.0%) 80,223 (21.3%)

Comorbidities, 0 missing

CHF 7,981 (21.9%) 9,850 (2.6%) < .0001

COPD 20,968 (57.6%) 49,565 (13.1%)

Obesity* 16,081 (44.1%) 42,772 (11.3%)

BMI (in kg/m2), 40 4,282 (11.8%) 9,742 (2.6%)

BMI, 45 2,923 (8.0%) 5,124 (1.4%)

BMI, 50 2,596 (7.1%) 3,448 (0.9%)

BMI, 60 922 (2.5%) 789 (0.2%)

Data are presented as n (%) unless otherwise indicated. *This represents all obesity codes including BMI 40–60 categories and patients with an unspecified
obesity code. BMI = body mass index, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, FFS = fee for service,
MCO =managed-care organization, SDB = sleep-disordered breathing, SD = standard deviation.
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Based on the diagnostic codes, providers did seem to a better
job at identifying COPD than these other conditions. WV has
the highest smoking rate in the United States and the CDC data-
base suggests a COPD prevalence of up to 20%.2,4,29 Our data
demonstrated 17.1% of Medicaid enrollees had a claim with a
COPD diagnosis code.

Figure 1 illustrates the prevalence of these chronic condi-
tions in our study population vs prevalence estimates based on
national datasets. These findings are consistent with underdiag-
noses of serious health conditions and have significant implica-
tions in terms of health outcomes for our Appalachian
population. First, it is important to note that SDB is a common
clinical problem that is currently underdiagnosed and under-
treated even in urban settings despite data showing that SDB is
increasing in prevalence.9 This high prevalence has been attrib-
uted, in part, to the increase in obesity, a known important risk
factor for SDB. No region has been hit harder by the obesity
epidemic than Appalachia. According to the CDC’s BRFSS,
WV has the highest obesity rate of any US state, at 40%.1 Thus,

SDB should be highly prevalent in this Appalachian Medicaid
cohort. However, consistent with our previous work, these data
suggest that SDB is underrecognized in the region as only 8.8%
of Medicaid enrollees carried an SDB diagnostic code in 2019.8

A second important finding in our study is the poor recog-
nition of other comorbid medical conditions that are highly
prevalent in the region. This finding is consequential as it
suggests that a significant number of individuals are likely to
have SDB and another serious comorbid health condition that
are unrecognized. SDB that is comorbid with CHF, COPD, or
obesity, particularly morbid obesity, represents well-described
SDB phenotypes that have significant health implications and
represent diagnostic/treatment challenges.30–34 Research sug-
gests that identification and effective treatment of SDB in
patients with CHF, COPD, and obesity (particularly with
obesity hypoventilation syndrome) significantly improves
outcomes.14–17,34–36

Unfortunately, our database does not provide the billing
code in a way that we could accurately determine which of the

Table 2—Rates of SDB in cohorts of CHF, COPD, and obesity among Medicaid enrollees aged 18 to 90+ in 2019.

Total with Chronic Condition With SDB Rate with SDB

CHF 17,831 7,981 44.8%

COPD 70,533 20,968 29.7%

Obesity (total) 58,853 16,081 27.3%

BMI (kg/m2)

40–44.9 14,024 4,282 30.5%

45–49.9 8,047 2,923 36.3%

50–59.9 6,044 2,596 43.0%

60+ 1,711 922 53.9%

BMI = body mass index, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, SDB = sleep-disordered breathing.

Figure 1—West Virginia Medicaid database disease prevalence based on diagnostic code vs national and state disease
prevalence estimates.

0%
5%
10%
15%
20%
25%
30%
35%
40%
45%

SDB CHF COPD Obesity

Medicaid Prevalence WV Prevalence Es�mates Based on Na�onal Data

*Prevalence estimates for SDB, CHF, COPD, and obesity for the target population generated from references 1–4,20,29,30. CHF = congestive heart failure,
COPD = chronic obstructive pulmonary disease, SDB = sleep-disordered breathing, WV = West Virginia.
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comorbid conditions in our analysis was diagnosed first. Given
our clinic experience and the above-mentioned underrecogni-
tion of SDB, we suspect that SDB is secondarily diagnosed.
Regardless of the temporal relationship, SDB seemed to be
appropriately considered in the disease cohorts included in our
study based on diagnostic coding. For instance, an estimated
40–70% of patients with CHF have SDB.37 When we analyzed
the cohort of patients from our database with CHF, we found
that 45% of these individuals had a concomitant diagnosis of
SDB. One possible explanation for appropriate diagnosis of
SDB in these other common chronic disease cohorts is that pri-
mary care providers managing these patients are aware of the
association between SDB and the health conditions included in
our study (CHF, COPD, obesity) but may not identify these
serious health conditions early in their course. Alternatively,
although the overall coding rate for CHF was lower than
expected, the providers who are coding this condition may also
be the same providers who are aware of the association between
SDB and CHF. This subset of providers may also be more likely
to code SDB correctly.

National data for the prevalence of SDB in the COPD and
obesity populations are less clear. Early work on the so-called
“overlap syndrome” suggested that SDB and COPDwere 2 com-
mon medical conditions that, due to their high prevalence in the
general population, concomitantly developed in a number of
individuals.38 However, the prevalence of SDB in individuals
with COPD was not markedly different from that in the general
population. More recent work suggests that SDB is highly preva-
lent in those with moderate-to-severe COPD (65.9%); however,
large national studies confirming this finding have yet to be com-
pleted.39 Similarly, the literature on the prevalence of SDB in
obesity is complex, reflecting a multitude of factors important in
the development of SDB, such as ethnicity, sex, age, fat distribu-
tion, and craniofacial structure. Despite these multiple factors,
obesity is clearly a risk factor for SDB.Work by Sharma and col-
leagues17 has shown a high prevalence of SDB in those with a
BMI ≥ 30. As mentioned, WV has the highest rates of obesity
and smoking-related illness in the country.

While at least a subset of providers seem to be identifying
(or at least billing for) SDB in patients with COPD, CHF, and/
or obesity, it is likely that a number of patients with these condi-
tions are going unrecognized. Unfortunately, our results
strongly suggest that, in general, primary care providers are
underrecognizing serious health conditions and would benefit
from additional training to provide optimal care to a highly vul-
nerable rural population.

Our team believes improved identification of SDB in this
vulnerable population may represent “low-hanging fruit” for
improved health outcomes in Appalachia. CHF, COPD, and
obesity are complex disease processes to manage and, despite
specialty care, are progressive in nature with poor out-
comes.40–45 Our previous work in rural communities looking to
improve outcomes in COPD through telemedicine with
increased access to specialty care demonstrated minimal impact
on outcomes.46 However, our team believes that SDB offers a
unique opportunity to intervene and improve the outcomes in
our population through empowering primary care providers.
Prior research indicates that primary care providers can be

effectively trained to manage SDB.47,48 A low-cost SDB educa-
tion/quality-improvement initiative targeting providers in this
region may lead to significant improvements in health out-
comes with limited resource investment from this already taxed
health care system.

As discussed above, we compared our data with prevalence
data from the CDC, including the well-validated BRFSS.
Unfortunately, this system does not contain information on
SDB. We estimated the SDB prevalence of our population
based on previous epidemiologic studies as well as follow-up
analysis of the Wisconsin cohort suggesting that 20–50% of the
adult population have some degree of SDB depending on the
population and diagnostic criteria.9,21,22 Based on this analysis,
we conservatively estimated the prevalence of SDB in this WV
Medicaid population to be 25%.

This report suggests a staggering underrecognition of SDB
and other important disease processes including COPD, CHF,
and obesity in our Medicaid population. However, certain limi-
tations of our analysis should be considered. First, these data
are only representative of the enrolled population of Medicaid
beneficiaries and may not reflect disease prevalence for the
entire WV population. Regardless, these data represent one-
third of the WV population and identify a vulnerable and disad-
vantaged group who likely play a significant role in driving
poor outcomes for Appalachia and WV. Second, we utilized
ICD-10 codes and CCS to assess disease prevalence. While this
is the most effective tool to get a broad understanding of
disease-recognition patterns, it relies on accurate coding by pro-
viders. For instance, a provider may be managing heart failure
with a beta-blocker but codes hypertension with the beta-
blocker instead of CHF. It is also possible that some conditions
are more likely to be miscoded than others. For example, the
discrepancy between estimates of obesity prevalence in Medic-
aid claims data relative to other data sources is larger than the
discrepancy for other disease categories (Figure 1). There is
always some degree of error in coding, but this fact is unlikely
to dramatically alter the results of this large database study.
Another important limitation on the patient side is whether an
individual (with or without SDB) seeks care. Based on our
model, this database would not include an individual who had
zero billing codes for the year 2019 (ie, not in numerator or
denominator). However, if a provider is not actively following
SDB, it may only be coded when first diagnosed with no addi-
tional codes after that point. For instance, a patient diagnosed
with SDB in 2018 but not followed up for this diagnosis in 2019
and who yet had visits for other diagnostic codes would be
counted as not having SDB but be included in the general popu-
lation pool (ie, not in the numerator but added to the denomina-
tor). Our team believes this limitation would have minimal
impact on our findings for several reasons:

1. Once the diagnosis is made and treatment is initiated
with positive airway pressure (PAP) therapy (at least in
most cases), the diagnostic code would be required for
replacement supplies every 3–6 months.

2. SDB is typically not diagnosed and addressed in 1
appointment but the process is over months. There would
be a code for the appointment considering the diagnosis,
another code for the diagnostic study, another code for
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the therapeutic study and/or initiation of PAP therapy,
and another code for the mandatory 3- to 6-month
follow-up. If not treated with PAP therapy there would
be another code for surgical intervention, oral appliance
therapy, or upper airway stimulator implantation (typi-
cally after PAP failure).

3. These findings are in line with multiple other studies
demonstrating that SDB is underdiagnosed, including a
recent study suggesting that there are 1 billion people
globally with unrecognized sleep apnea.9–11 Again, this
global issue of underdiagnosing SDB is likely exacer-
bated in our rural communities with limited access to
care and other health care disparities.

Finally, identification of SDB is only the first step in improv-
ing outcomes. Our data suggest that, in the small subset of indi-
viduals who were successfully identified as having one of the
studied disease processes, SDB was appropriately identified.
Yet, the analysis does not show if these individuals with SDB
were effectively treated. SDB in these patient populations can be
complex to treat and previous research evaluating primary care
management of SDB specifically excluded patients with COPD,
CHF, and severe obesity.47,48 This fact is further complicated by
prior reports suggesting poor adherence in general to the gold-
standard therapy for OSA, PAP.49 Further analysis is required to
assess management by providers of SDB in this population.

CONCLUSIONS

Our analysis of WV Medicaid claims data from 2019 indicates
that SDB and other important medical conditions (CHF, COPD,
obesity) are undercoded compared with national averages in
this vulnerable, high-risk, primarily rural population. This find-
ing suggests that SDB is underrecognized and may have impor-
tant implications for the health of our West Virginian
communities. The most consequential finding of our study is
that a significant number of individuals are likely to have SDB
and other serious comorbid health conditions that are not recog-
nized. Effective treatment of SDB in patients with CHF,
COPD, and obesity (particularly with obesity hypoventilation
syndrome) significantly improves the trajectory of these disease
processes. While some of the discrepancy between our findings
and national data could relate to problems on the patient side
seeking care, this large discrepancy likely relates to problems
on the provider side as well. Our team highlights SDB in these
findings as this represents a disease that has potential for man-
agement by primary care providers in these areas, particularly
with improvements in technology which has simplified (moved
out of the sleep laboratory) diagnosis and treatment. Empower-
ing these providers to effectively identify and treat SDB would
likely have a significant impact on health outcomes in these
rural communities with significant health care disparity.

ABBREVIATIONS

BRFSS, Behavioral Risk Factor Surveillance System

BMI, body mass index
CCS, clinical classification software
CDC, Centers for Disease Control and Prevention
CHF, congestive heart failure
COPD, chronic obstructive pulmonary disease
OSA, obstructive sleep apnea
PAP, positive airway pressure
SDB, sleep-disordered breathing
WV,West Virginia
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