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            Abstract:

            
               
Background: The prevalence of obstructive sleep apnea (OSA) has not been assessed within the United States (US) in over a decade.
               

               Objectives: From 2013 to 2016, we calculated annual 2-year limited duration prevalence of diagnosed OSA in a large (~ 66 million), geographically
                  diverse insured population We  evaluated trends by age and sex; and assessed positive airway pressure (PAP) use and excessive
                  sleepiness (hypersomnia diagnosis, or prescriptions for stimulant or wake-promoting agent [WPA]).
               

               Methods: Overall and age/sex specific prevalence per 100 insured persons was calculated on an annual basis. The cohort was defined
                  to include those with medical and pharmacy claims activity.  To mitigate rule-out diagnoses, cases had to have ≥ 2 medical
                  claims for OSA within a 6-month period. Overall annual prevalences were directly standardized to the US population using 2016
                  US age and sex Census weights.
               

               Results: Annual age/sex adjusted prevalence of OSA increased from 2.4% in 2013 to 3.4% in 2016. OSA patients had a mean age of 58
                  years and there was a ≈2:1 male: female prevalence ratio. OSA patients with PAP claims increased from 42.2% to 44.1% over
                  the study period. Excessive sleepiness (hypersomnia or stimulant/WPA prescriptions) for patients with or without PAP use both
                  declined by ≈ 4% - 5%.
               

               Conclusions: Diagnosed OSA prevalence and PAP use among insured members with claims activity increased during 2013-2016 while clinical
                  markers of excessive sleepiness declined.   Males had a much higher prevalence of OSA than females.
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               Introduction:

            Obstructive sleep apnea (OSA) is a chronic sleep disorder, closely linked with increasing age and obesity. As the population
               of the United States (US) ages and obesity becomes more common, awareness has increased, with emphasis on better screening
               for and diagnosis of this disease1, 2, 3. Nonetheless, OSA is an insidious and under-recognized disease 4, 5. Additionally, it carries significant morbidity 6 including associations with acute coronary syndromes7, atrial fibrillation 8, hypertension 9, glaucoma 10, stroke 11, sickle cell anemia 12, and other diseases. Given the significance and often unrecognized nature of this disease, estimates of prevalence and related
               trends are important for patients, healthcare providers, and insurers.
            

            Relatively recent publications estimate varying prevalences. A review from 2008 estimated a 2-5% prevalence worldwide in women
               and a 4-7% prevalence worldwide in men, using data from studies between 1993-2004 13. The 2012 Wisconsin Sleep Cohort Study estimated a 26% prevalence of mild to severe sleep disordered breathing among 30-
               to 70-year-olds during 2007–2010.14  A population-based study of 2,121 people in Switzerland covering 2009-2013 found an OSA prevalence of 23.4% in women and
               49.7% in men.15   A systematic review of 24 studies assessing OSA prevalence in different areas of the world (including North America, Europe,
               and Asia) from the 1980s to the 2010s, found the reported prevalence in the general adult population ranged from 6%-17%, and
               as high as 49% in elderly populations. 16.
            

            Given the increasing prevalence of risk factors for OSA in the US population, its significant morbidity, and often unrecognized
               nature, a more current evaluation of the US national prevalence is warranted. The aim of this study is to estimate the diagnosed
               prevalence of patients with OSA actively seeking care within a 2-year window in a large, geographically diverse, US-insured
               population weighted to the 2016 US Census population. Subgroup analysis of select sleep-related disorders and treatments was
               also conducted. To our knowledge this is the largest population studied to date, which allows for very statistically precise
               analyses (viz. very narrow 95% confidence intervals [CIs]) for patient subgroups by age, sex, and type of insurance, along
               with descriptive analyses of select OSA treatment subgroups.
            

         

         
               Methods:

            
               Design, Data Source, Search Strategy, and Objectives:
               
            

            We conducted a retrospective cohort study using a nationwide claims database (Symphony Health), which contains patient-level
               medical and pharmacy claims. The claims are a ‘convenience’ sample collected routinely as part of the real-world administration
               and reimbursement processes for patients’ healthcare. The medical claims comprise practitioners’ standardized professional
               claims (Form 1500), which includes dates of service, International Classification of Diseases (ICD) 9 and/or 10 code diagnoses,
               Healthcare Common Procedure Coding System (HCPCS), and Common Procedural Taxonomy (CPT) procedures and treatments for in-patient,
               ambulatory and out-patient care for approximately 50% of all annual visits in the US. The pharmacy claims are comprised of
               National Council for Prescription Drug Program 5.1- format prescription claims aggregated from multiple sources including
               data clearinghouses, retail pharmacies, and prescription benefit managers for approximately 80% of US retail pharmacy transactions.
               Individual claim records included the dates of given pharmacy fills with National Drug Code (NDC) identifying agents and dosage.
               The database includes more than 220 million unique patients with pharmacy claims and more than 150 million patients with medical
               claims, including patients from all 50 states and for all payer types, including cash-paying pharmacy patients. Medical encounters
               include both ambulatory and hospital practitioner claims. Medicare patients in the database are largely enrolled in Medicare
               Advantage plans and/or supplemental Medicare plans. Claims are linked longitudinally at the patient level through a Health
               Insurance Portability and Accountability (HIPAA)-compliant, unique, synthetic identifier that is permanent for each patient.
               Claims between January 1, 2013 and December 31, 2016 were assessed.
            

         

         
               Objectives 

            The primary objective was to calculate the annual 2-year limited duration prevalence of OSA per 100 eligible insured persons
               during the period 2013-2016, and to evaluate trends over that study period. Secondary objectives included analysis of prevalence
               by age, sex, and payer-type subgroups; and descriptive analyses of select OSA treatment subgroups. Compared with complete
               prevalence (all past and current cases who are still alive in the eligible population), this limited-duration prevalence focuses
               on patients who are diagnosed and actively using medical and pharmacy services.
            

            
               Cohort and Case Definitions: 
               
            

            To ensure data capture, the prevalence cohort (denominator) included patients with any (a) ³1 private practitioner claim and
               ³1 pharmacy claim at least 12 months before the start of the yearly prevalence calculation; and (b) ³1 private practitioner
               claim and ³1 pharmacy claim at least 12 months after the start of the year; and (c) sex specified as male or female; and (d)
               a valid date of birth. Cases (numerator) were patients in the prevalence cohort with ³ 2 claims within 6 months with a diagnosis
               of OSA.17, 18, 19  This case definition provides 2-year limited-duration prevalence for each calendar year during the 2013-2016 study period.
            

            Patient claims in the eligible cohort were queried using the ICD 9 and/or 10 codes for OSA, hypersomnia, and other diagnoses
               of interest, the HCPCS codes for OSA treatments, and the NDC directory codes (in NDC11 format) for wake-promoting agents (WPA)/stimulant
               prescription therapies. Please see the online Supplemental Appendix for a list of codes.
            

            Data Extraction, Synthesis of Results, and Analysis: 
            

            Annual prevalence was calculated within the eligible study population and standardized to the 2016 US census population. The
               crude age- and sex-specific prevalence in the dataset was calculated by dividing the total number of new and existing cases
               in each stratum by the total number of persons in the stratum for the calendar year. The total prevalence in each calendar
               year was then age- and sex-adjusted by summing the products of age- and sex-specific prevalences and the proportions for those
               subgroups in 2016 Census estimates. This weighting ensures that trends in annual prevalence are not influenced by changes
               in the age or sex distribution of the overall eligible population, and results in prevalence estimates for the insured population
               adjusted to the US Census. Lastly, prevalence was extrapolated to the US population by summing the products of age- and sex-speciﬁc
               2016 prevalence in the study population and the relevant age/sex specific population counts from the 2016 Census. Prevalences
               and their 95% CIs are expressed as percentages per 100 persons. The 95% CI was calculated as: 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒 ± 1.96
               (𝑆𝐸). The SE (standard error) was estimated to be the square root of [p (1 – p)/n], where p equals the prevalence and n
               is the number of cases in the prevalence calculation. 20 
            

            Patient subgroups based on age, sex, and payer type were analyzed for the calendar year 2016. Age categories included <18,
               18-24, 25-34, 35-44, 45-54, 55-64, and ³65 years. The predominant payer type was categorized hierarchically as Medicare, Medicaid,
               commercial (third-party, non-governmental payers), and all other payers (e.g. Tricare military, etc.). Four OSA treatment
               subgroups were evaluated: (1) patients with OSA and evidence of positive airway pressure (PAP) use; (2) patients with OSA,
               PAP use, and excessive sleepiness (for the purposes of this study, excessive sleepiness was defined as hypersomnia diagnosis
               or use of simulants/WPAs); (3) patients with OSA, no  PAP use, and excessive sleepiness, and (4) patients with OSA and no PAP use. Age and sex subgroup analyses were conducted
               for diagnostic tests and treatment information for the calendar year 2016. Data management and statistical analyses utilized
               SAS (Statistical Analysis Software) software, version 9.4 (SAS Institute Inc., Cary, NC).
            

            

         

         
               Results:

            
                Eligible Population: 
               
            

            The eligible prevalence cohort ranged annually between approximately 62.9 and 67.5 million patients. From year-to-year, approximately
               60% of the eligible population was female, >27% were aged >65 years, the majority (>63%) had commercial insurance, and 40%
               were from the Southern census region; the largest region in the US Table  1 
            

            

            
                  
                  Table 1

                  presentsthe annual eligible population from the database, from 2013 to 2016.

               

               
                     
                        
                           	
                              Eligible Database Population
                        
                        	
                              2013
                        
                        	
                              2014
                        
                        	
                              2015
                        
                        	
                              2016
                        
                     

                     
                           	
                              Total
                        
                        	
                              62,895,565
                        
                        	
                              
                        	
                              66,446,545
                        
                        	
                              
                        	
                              67,519,490
                        
                        	
                              
                        	
                              66,060,231
                        
                        	
                              
                     

                     
                           	
                              Males , N (%)
                        
                        	
                              24,835,605
                        
                        	
                              39%
                        
                        	
                              26,348,132
                        
                        	
                              40%
                        
                        	
                              26,737,490
                        
                        	
                              40%
                        
                        	
                              26,126,600
                        
                        	
                              40%
                        
                     

                     
                           	
                              Females, N (%)
                        
                        	
                              38,059,960
                        
                        	
                              61%
                        
                        	
                              40,098,413
                        
                        	
                              60%
                        
                        	
                              40,782,000
                        
                        	
                              60%
                        
                        	
                              39,933,631
                        
                        	
                              60%
                        
                     

                     
                           	
                              Age - N (%)
                        
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              ≤ 14 years
                        
                        	
                              7,846,297
                        
                        	
                              12%
                        
                        	
                              8,057,169
                        
                        	
                              12%
                        
                        	
                              7,912,383
                        
                        	
                              12%
                        
                        	
                              7,478,977
                        
                        	
                              11%
                        
                     

                     
                           	
                              15 - 17 years
                        
                        	
                              1,686,640
                        
                        	
                              3%
                        
                        	
                              1,777,561
                        
                        	
                              3%
                        
                        	
                              1,762,905
                        
                        	
                              3%
                        
                        	
                              1,678,652
                        
                        	
                              3%
                        
                     

                     
                           	
                              18 - 24 years
                        
                        	
                              4,061,100
                        
                        	
                              6%
                        
                        	
                              4,234,132
                        
                        	
                              6%
                        
                        	
                              4,265,067
                        
                        	
                              6%
                        
                        	
                              4,117,463
                        
                        	
                              6%
                        
                     

                     
                           	
                              25 - 34 years
                        
                        	
                              5,564,915
                        
                        	
                              9%
                        
                        	
                              5,862,189
                        
                        	
                              9%
                        
                        	
                              6,115,502
                        
                        	
                              9%
                        
                        	
                              6,026,099
                        
                        	
                              9%
                        
                     

                     
                           	
                              35 - 44 years
                        
                        	
                              6,763,262
                        
                        	
                              11%
                        
                        	
                              6,976,581
                        
                        	
                              10%
                        
                        	
                              7,101,784
                        
                        	
                              11%
                        
                        	
                              6,980,485
                        
                        	
                              11%
                        
                     

                     
                           	
                              45 - 54 years
                        
                        	
                              9,077,937
                        
                        	
                              14%
                        
                        	
                              9,441,987
                        
                        	
                              14%
                        
                        	
                              9,571,509
                        
                        	
                              14%
                        
                        	
                              9,203,704
                        
                        	
                              14%
                        
                     

                     
                           	
                              55 - 64 years
                        
                        	
                              10,691,462
                        
                        	
                              17%
                        
                        	
                              11,428,472
                        
                        	
                              17%
                        
                        	
                              11,847,662
                        
                        	
                              18%
                        
                        	
                              11,708,051
                        
                        	
                              18%
                        
                     

                     
                           	
                              ≥65 years
                        
                        	
                              17,203,952
                        
                        	
                              27%
                        
                        	
                              18,668,454
                        
                        	
                              28%
                        
                        	
                              18,942,678
                        
                        	
                              28%
                        
                        	
                              18,866,800
                        
                        	
                              29%
                        
                     

                     
                           	
                              Insurance type - N (%)
                        
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              Commercial
                        
                        	
                              41,169,585
                        
                        	
                              65%
                        
                        	
                              42,604,426
                        
                        	
                              64%
                        
                        	
                              42,618,908
                        
                        	
                              63%
                        
                        	
                              41,388,022
                        
                        	
                              63%
                        
                     

                     
                           	
                              Medicare
                        
                        	
                              13,768,889
                        
                        	
                              22%
                        
                        	
                              14,906,183
                        
                        	
                              22%
                        
                        	
                              14,990,366
                        
                        	
                              22%
                        
                        	
                              14,637,684
                        
                        	
                              22%
                        
                     

                     
                           	
                              Medicaid
                        
                        	
                              6,974,455
                        
                        	
                              11%
                        
                        	
                              7,996,607
                        
                        	
                              12%
                        
                        	
                              9,004,328
                        
                        	
                              13%
                        
                        	
                              9,159,884
                        
                        	
                              14%
                        
                     

                     
                           	
                              All Other
                        
                        	
                              982,636
                        
                        	
                              2%
                        
                        	
                              939,329
                        
                        	
                              1%
                        
                        	
                              905,888
                        
                        	
                              1%
                        
                        	
                              874,641
                        
                        	
                              1%
                        
                     

                     
                           	
                              Census Region - N (%)
                        
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              Northeast
                        
                        	
                              14,997,269
                        
                        	
                              24%
                        
                        	
                              16,105,104
                        
                        	
                              24%
                        
                        	
                              16,093,047
                        
                        	
                              24%
                        
                        	
                              15,351,246
                        
                        	
                              23%
                        
                     

                     
                           	
                              Midwest
                        
                        	
                              14,567,318
                        
                        	
                              23%
                        
                        	
                              15,303,816
                        
                        	
                              23%
                        
                        	
                              15,964,741
                        
                        	
                              24%
                        
                        	
                              16,075,636
                        
                        	
                              24%
                        
                     

                     
                           	
                              South
                        
                        	
                              25,158,186
                        
                        	
                              40%
                        
                        	
                              26,477,731
                        
                        	
                              40%
                        
                        	
                              26,979,188
                        
                        	
                              40%
                        
                        	
                              26,304,636
                        
                        	
                              40%
                        
                     

                     
                           	
                              West
                        
                        	
                              8,172,792
                        
                        	
                              13%
                        
                        	
                              8,559,894
                        
                        	
                              13%
                        
                        	
                              8,482,514
                        
                        	
                              13%
                        
                        	
                              8,328,713
                        
                        	
                              13%
                        
                     

                  
               

            

            

            
                Prevalence of OSA: 
               
            

            The unadjusted overall prevalence of diagnosed OSA in the insured population increased annually from 2.7% in 2013 to 3.9%
               in 2016, with an annualized mean of 3.2% Table  2.
            

            

            
                  
                  Table 2

                  USPopulation Estimates: Patients with OSA, PAP Use and Excessive Sleepiness from2013 to 2016

               

               
                     
                        
                           	
                              
                        	
                              YEAR
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              2013
                        
                        	
                              2014
                        
                        	
                              2015
                        
                        	
                              2016
                        
                     

                     
                           	
                              
                        	
                              
                        	
                              N or % (95% CI)
                        
                        	
                              N or % (95% CI)
                        
                        	
                              N or % (95% CI)
                        
                        	
                              N or % (95% CI)
                        
                     

                     
                           	
                              OSA
                        
                        	
                              Crude Prevalence
                        
                        	
                              2.7%(2.7%-2.7%)
                        
                        	
                              3.0%(3.0%-3.0%)
                        
                        	
                              3.4%(3.4%-3.4%)
                        
                        	
                              3.9%(3.9%-3.9%)
                        
                     

                     
                           	
                              Age & Sex Adjusted
                        
                        	
                              2.4%
                        
                        	
                              2.6%
                        
                        	
                              3.0%
                        
                        	
                              3.4%
                        
                     

                     
                           	
                              OSA andPAP
                        
                        	
                              Patients with OSA, %
                        
                        	
                              42.2%(42.1%-42.3%)
                        
                        	
                              41.6%(41.6%-41.7%)
                        
                        	
                              43.2%(43.1%-43.3%)
                        
                        	
                              44.1%(44.1%-44.2%)
                        
                     

                     
                           	
                              US estimate, N
                        
                        	
                              3,317,479
                        
                        	
                              3,637,994
                        
                        	
                              4,293,993
                        
                        	
                              5,093,895
                        
                     

                     
                           	
                              OSA and  PAP and  Evidence of Excessive Sleepiness
                        
                        	
                              Patients with OSA with PAP, %
                        
                        	
                              20.9%(20.8%-21.0%)
                        
                        	
                              19.5%(19.4%-19.6%)
                        
                        	
                              18.2%(18.1%-18.2%)
                        
                        	
                              15.8%(15.7%-15.8%)
                        
                     

                     
                           	
                              % with ≥ 1 Dx of Hypersomnia*
                        
                        	
                              16.3%(16.2%-16.4%)
                        
                        	
                              15.0%(15.0%-15.1%)
                        
                        	
                              13.7%(13.6%-13.7%)
                        
                        	
                              11.1%(11.1%-11.2%)
                        
                     

                     
                           	
                              % with ≥ 1 dispensed Rx stimulant/WPA*
                        
                        	
                              5.9%(5.9%-6.0%)
                        
                        	
                              5.7%(5.7%-5.8%)
                        
                        	
                              5.7%(5.6%-5.7%)
                        
                        	
                              5.6%(5.6%-5.7%)
                        
                     

                     
                           	
                              US estimate, N
                        
                        	
                              691,977
                        
                        	
                              709,525
                        
                        	
                              779,948
                        
                        	
                              803,490
                        
                     

                     
                           	
                              OSA and  no PAP
                        
                        	
                              Patients with OSA, %
                        
                        	
                              57.8%(57.7%-57.9%)
                        
                        	
                              58.4%(58.3%-58.4%)
                        
                        	
                              56.8%(56.7%-56.9%)
                        
                        	
                              55.9%(55.8%-55.9%)
                        
                     

                     
                           	
                              US estimate, N
                        
                        	
                              4,543,524
                        
                        	
                              5,099,992
                        
                        	
                              5,646,986
                        
                        	
                              6,449,818
                        
                     

                     
                           	
                              OSA, andNO PAP,and (BUT) Evidence of Excessive Sleepiness
                        
                        	
                              Patients with OSA*, %
                        
                        	
                              18.7%(18.6%-18.8%)
                        
                        	
                              17.3%(17.2%-17.3%)
                        
                        	
                              16.0%(16.0%-16.1%)
                        
                        	
                              14.1%(14.1%-14.2%)
                        
                     

                     
                           	
                              % with ≥ 1 Dx of Hypersomnia
                        
                        	
                              14.1%(14.1%-14.2%)
                        
                        	
                              12.9%(12.9%-13.0%)
                        
                        	
                              11.7%(11.7%-11.8%)
                        
                        	
                              9.8%(9.8%-9.9%)
                        
                     

                     
                           	
                              % with ≥ 1 dispensed Rx stimulant/WPA
                        
                        	
                              6.2%(6.1%-6.2%)
                        
                        	
                              5.8%(5.8%-5.9%)
                        
                        	
                              5.6%(5.6%-5.7%)
                        
                        	
                              5.5%(5.5%-5.6%)
                        
                     

                     
                           	
                              US estimate, N
                        
                        	
                              848,529
                        
                        	
                              880,508
                        
                        	
                              903,955
                        
                        	
                              912,447
                        
                     

                  
               

               

            

             There was an approximate 2:1 male: female ratio in OSA prevalence with a mean age of 58. The majority of patients had commercial
               insurance. The highest age-specific prevalences were seen in males ages 45-54 years at 9.0% and in females ages 55-64 years
               at 4.9%.   The male: female ratio peaked in early adulthood and then attenuated, consistent with an earlier age of onset as
               well as higher prevalence for men.Figure  1.
            

            

            
                  
                  Figure 1

                  Prevalenceof Obstructive Sleep Apnea in the United States in 2016 by Age and Sex.

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/21b2bf65-4849-4b59-a1c7-44a981a9ee69/image/77f5ca2f-e184-4651-8987-ab618be3404a-uimage.png]

            

             OSA prevalence was generally highest for males insured by commercial payers, while females were most often insured by Medicare
               Table  3   and Table  4.

            

            
                  
                  Table 3

                  PatientCharacteristics by OSA Overall and Treatment Type in 2016.  

               

               
                     
                        
                           	
                              
                        	
                              Patients with OSA
                        
                     

                     
                           	
                              Patient Characteristics
                        
                        	
                              Database patients
                        
                        	
                              Estimated # in US population
                        
                     

                     
                           	
                              Demographics
                        
                        	
                              
                        	
                              
                     

                     
                           	
                              # of patients
                        
                        	
                              2,576,429
                        
                        	
                              11,543,713
                        
                     

                     
                           	
                              Age, mean (years)
                        
                        	
                              58
                        
                        	
                              -
                        
                     

                     
                           	
                              Age, median (years)
                        
                        	
                              59
                        
                        	
                              -
                        
                     

                     
                           	
                              Age categories (years)
                        
                        	
                              
                        	
                              
                     

                     
                           	
                              <18
                        
                        	
                              2%
                        
                        	
                              223,828
                        
                     

                     
                           	
                              18-24
                        
                        	
                              1%
                        
                        	
                              80,344
                        
                     

                     
                           	
                              25-34
                        
                        	
                              3%
                        
                        	
                              350,618
                        
                     

                     
                           	
                              35-44
                        
                        	
                              10%
                        
                        	
                              1,127,471
                        
                     

                     
                           	
                              45-54
                        
                        	
                              20%
                        
                        	
                              2,339,587
                        
                     

                     
                           	
                              55-64
                        
                        	
                              30%
                        
                        	
                              3,433,073
                        
                     

                     
                           	
                              ≥65
                        
                        	
                              35%
                        
                        	
                              3,988,791
                        
                     

                     
                           	
                              Sex
                        
                        	
                              
                        	
                              
                     

                     
                           	
                              Male
                        
                        	
                              57%
                        
                        	
                              6,615,924
                        
                     

                     
                           	
                              Female
                        
                        	
                              43%
                        
                        	
                              4,927,789
                        
                     

                     
                           	
                              US Region
                        
                        	
                              
                        	
                              
                     

                     
                           	
                              Northeast
                        
                        	
                              19%
                        
                        	
                              2,209,115
                        
                     

                     
                           	
                              South
                        
                        	
                              25%
                        
                        	
                              2,879,018
                        
                     

                     
                           	
                              West
                        
                        	
                              38%
                        
                        	
                              4,396,114
                        
                     

                     
                           	
                              Midwest
                        
                        	
                              18%
                        
                        	
                              2,059,466
                        
                     

                     
                           	
                              Patients with ≥ 1 medications to treat sleepiness (N=patients)
                        
                        	
                              6.5%
                        
                        	
                              752,327
                        
                     

                     
                           	
                              Phosphodiesterase inhibitor1 dispensed Rx
                        
                        	
                              
                        	
                              55,204
                        
                     

                     
                           	
                              Carbonic Anhydrase Inhibitor2 dispensed Rx
                        
                        	
                              
                        	
                              62,019
                        
                     

                     
                           	
                              Antidepressive agent3 dispensed Rx
                        
                        	
                              
                        	
                              9,310
                        
                     

                     
                           	
                              Modafinil or armodafinl dispensed Rx
                        
                        	
                              
                        	
                              244,116
                        
                     

                     
                           	
                              Other central nervous system agent4 dispensed Rx
                        
                        	
                              
                        	
                              438,736
                        
                     

                     
                           	
                              Patients with ≥ 1 OSA treatments (N=patients)
                        
                        	
                              45.2%
                        
                        	
                              5,214,116
                        
                     

                     
                           	
                              PAP devices
                        
                        	
                              
                        	
                              5,093,895
                        
                     

                     
                           	
                              Oral Appliances
                        
                        	
                              
                        	
                              50,742
                        
                     

                     
                           	
                              Upper Airway Surgical procedures
                        
                        	
                              
                        	
                              107,299
                        
                     

                     
                           	
                              Hypoglossal Nerve Stimulation procedures
                        
                        	
                              
                        	
                              5,444
                        
                     

                  
               

               

            

             Demographics, medical treatments, and diagnostic tests in patients with OSA overall, by treatment type, and by subgroups
               of age, sex, and region for the calendar year 2016, in the US census populations
            

            1. Theophylline

            2. Acetazolamide

            3. Desipramine

            4. Methylphenidate, Dextroamphetamine, Dexmethylphenidate Hydrochloride, Lisdexamfetamine Dimesylate

            

            
                  
                  Table 4

                  Adjusted OSA Prevalence by Age, Sex, and Insurance Type to the 2016 USCensus

               

               
                     
                        
                           	
                              
                        	
                              Study Population
                        
                        	
                              Study Patients with OSA
                        
                        	
                              Study Population Prevalence
                        
                        	
                              OSACommercial Prevalence
                        
                        	
                              # OSAMedicare Prevalence
                        
                        	
                              # OSAMedicaid Prevalence
                        
                        	
                              # OSA AllOther Insurance Prevalence
                        
                     

                     
                           	
                              Total
                        
                        	
                              66,060,231
                        
                        	
                              2,576,429
                        
                        	
                              3.4%*
                        
                        	
                              3.5%*
                        
                        	
                              3.0%*
                        
                        	
                              2.7%*
                        
                        	
                              2.1%*
                        
                     

                     
                           	
                              Men
                        
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              All ages
                        
                        	
                              26,126,600
                        
                        	
                              1,476,601
                        
                        	
                              4.8%**
                        
                        	
                              4.9%**
                        
                        	
                              3.4%**
                        
                        	
                              3.1%**
                        
                        	
                              2.7%**
                        
                     

                     
                           	
                              <18
                        
                        	
                              4,736,097
                        
                        	
                              29,020
                        
                        	
                              0.6%
                        
                        	
                              0.6%
                        
                        	
                              0.4%
                        
                        	
                              0.6%
                        
                        	
                              0.6%
                        
                     

                     
                           	
                              18-24
                        
                        	
                              1,326,948
                        
                        	
                              9,798
                        
                        	
                              0.7%
                        
                        	
                              0.7%
                        
                        	
                              1.4%
                        
                        	
                              0.9%
                        
                        	
                              0.4%
                        
                     

                     
                           	
                              25-34
                        
                        	
                              1,513,938
                        
                        	
                              43,830
                        
                        	
                              2.9%
                        
                        	
                              3.0%
                        
                        	
                              2.9%
                        
                        	
                              2.0%
                        
                        	
                              1.5%
                        
                     

                     
                           	
                              35-44
                        
                        	
                              2,249,289
                        
                        	
                              153,043
                        
                        	
                              6.8%
                        
                        	
                              7.0%
                        
                        	
                              4.8%
                        
                        	
                              4.3%
                        
                        	
                              3.4%
                        
                     

                     
                           	
                              45-54
                        
                        	
                              3,481,277
                        
                        	
                              312,226
                        
                        	
                              9.0%
                        
                        	
                              9.3%
                        
                        	
                              5.7%
                        
                        	
                              6.0%
                        
                        	
                              4.6%
                        
                     

                     
                           	
                              55-64
                        
                        	
                              4,829,190
                        
                        	
                              427,021
                        
                        	
                              8.8%
                        
                        	
                              9.2%
                        
                        	
                              5.5%
                        
                        	
                              5.6%
                        
                        	
                              4.7%
                        
                     

                     
                           	
                              ≥65
                        
                        	
                              7,989,861
                        
                        	
                              501,663
                        
                        	
                              6.3%
                        
                        	
                              6.6%
                        
                        	
                              4.8%
                        
                        	
                              3.6%
                        
                        	
                              4.3%
                        
                     

                     
                           	
                              Women
                        
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                        	
                              
                     

                     
                           	
                              All ages
                        
                        	
                              39,933,631
                        
                        	
                              1,099,828
                        
                        	
                              2.2%**
                        
                        	
                              2.2%**
                        
                        	
                              2.7%**
                        
                        	
                              2.3%**
                        
                        	
                              1.5%**
                        
                     

                     
                           	
                              <18
                        
                        	
                              4,421,532
                        
                        	
                              20,936
                        
                        	
                              0.5%
                        
                        	
                              0.5%
                        
                        	
                              0.3%
                        
                        	
                              0.5%
                        
                        	
                              0.5%
                        
                     

                     
                           	
                              18-24
                        
                        	
                              2,790,515
                        
                        	
                              8,134
                        
                        	
                              0.3%
                        
                        	
                              0.3%
                        
                        	
                              0.9%
                        
                        	
                              0.3%
                        
                        	
                              0.2%
                        
                     

                     
                           	
                              25-34
                        
                        	
                              4,512,161
                        
                        	
                              34,424
                        
                        	
                              0.8%
                        
                        	
                              0.8%
                        
                        	
                              2.0%
                        
                        	
                              0.8%
                        
                        	
                              0.5%
                        
                     

                     
                           	
                              35-44
                        
                        	
                              4,731,196
                        
                        	
                              98,596
                        
                        	
                              2.1%
                        
                        	
                              2.1%
                        
                        	
                              3.7%
                        
                        	
                              2.4%
                        
                        	
                              1.2%
                        
                     

                     
                           	
                              45-54
                        
                        	
                              5,722,427
                        
                        	
                              209,944
                        
                        	
                              3.7%
                        
                        	
                              3.6%
                        
                        	
                              4.8%
                        
                        	
                              4.7%
                        
                        	
                              2.3%
                        
                     

                     
                           	
                              55-64
                        
                        	
                              6,878,861
                        
                        	
                              339,203
                        
                        	
                              4.9%
                        
                        	
                              4.9%
                        
                        	
                              5.5%
                        
                        	
                              5.4%
                        
                        	
                              3.0%
                        
                     

                     
                           	
                              ≥65
                        
                        	
                              10,876,939
                        
                        	
                              388,591
                        
                        	
                              3.6%
                        
                        	
                              3.8%
                        
                        	
                              2.8%
                        
                        	
                              2.9%
                        
                        	
                              3.0%
                        
                     

                  
               

               

            

             Regional variation was also observed with the highest prevalence in the West US Census region. The age- and sex- Census-adjusted
               prevalence of OSA increased from 2.4% in 2013, 2.6% in 2014, 3.0% in 2015, and 3.4% in 2016 Figure  1. Age-adjusted prevalences in 2016 for the insured were 4.7% per 100 (95% CI 4.7, 4.8) for males and 2.2% per 100 (95% CI
               2.2, 2.2) for females. Age- and sex-specific prevalences for 2016 multiplied by US census counts resulted in an estimate of
               11.5 million nationwide cases in 2016  Table  3, Table  4.
            

            
               Treatments Subgroups: 
               
            

            PAP use was the most common therapeutic intervention, followed by upper airway surgery. The proportion of patients with PAP
               use increased from 42.2% to 44.1% over the study period. The proportion of patients with excessive sleepiness for patients
               with or without PAP use decreased over time by 4% - 5%. A decline was seen in patients with OSA and PAP and evidence of excessive
               sleepiness from 20.9% in 2013, to 19.5% in 2014, to 18.2% in 2015, and 15.8% in 2016. A decrease was also seen in patients
               with OSA, no  PAP use, and with excessive sleepiness declining from 18.7% in 2013, to 17.3% in 2014, to 16.0% in 2015, and 14.1% in 2016.
               Medications dispensed for excessive sleepiness (7%) were generally classified as “other central nervous system agents” (i.e.
               stimulants e.g. methylphenidate, dextroamphetamine, methylphenidate, dexmethylphenidate hydrochloride, lisdexamfetamine dimesylate),
               followed by modafinil/armodafinil Table  3  .
            

         

         
               Discussion:

            Within a large, geographically diverse population derived from a US healthcare claims database, our study found an increase
               in the annual prevalence of OSA over the period 2013 to 2016. Directly standardized to the 2016 Census Bureau estimates, the
               prevalence of OSA in the eligible insured population increased from 2.4% in 2013 to 3.4% in 2016, which projects to a 2016
               nationwide count of approximately 11.5 million patients with OSA.
            

            Our prevalence findings are within the lower range previously reported in other studies13, 14, 21, 22. This is due primarily to employing a the relatively short lookback period (2-year limited-duration prevalence) and requiring
               claims activity for cohort eligibility in order to focus on those actively seeking treatment. To assess the effect of a longer
               duration lookback we conducted a post hoc  sensitivity analysis based on a 3-year period of available history. Adding an additional year of history increased the observed
               prevalence appreciably e.g. from 3.9% to 5.5% in 2016. The appreciable difference between the 2-year and 3- year limited duration
               prevalence suggests there is a substantial portion of patients who were diagnosed with OSA but are no longer being seen for
               the condition. While the reasons are likely multi-factorial, studies commonly report that two thirds to a half of patients
               discontinue PAP, a mainstay of therapy, within 3 years  and fail to follow up. Quoting the Awake Report, Patient-focused Product
               Development for OSA, “For patients with OSA, the treatment can be as bothersome as the disorder.”23, 24, 25, 26  The approximate 2:1 male to female prevalence ratio we found was similar to sex ratios reported in other studies. The variation
               in findings between the present study and previous US-based 14  and international studies 13, 15, 16 likely reflects a combination of lookback period length, cohort definition (viz., those with medical and prescription claims),
               case definition, and population characteristics, as well as changes in the diagnostic testing and clinical criteria used to
               define OSA.27, 28, 29, 30. Understanding the determinants of the increasing prevalence is beyond the scope of this descriptive study31Studies have repeatedly found that OSA is undiagnosed32, 33, 34  and an increase in awareness and diagnosis of the condition may be a contributing factor to the increase in prevalence of
               diagnosed disease. Obesity is a well-known risk factor for OSA6, 35, 36  and the incre ase in body mass index in the general population may be a significant driver37 Other reported risk factors include older age, male sex, menopause, anatomic abnormalities, and family history. OSA risk
               is also increased in association with a range of comorbid and concomitant medical conditions including pregnancy, end-stage
               renal disease, diabetes, congestive heart failure, chronic lung disease, post-traumatic stress disorder, and stroke. 
            

            Excessive sleepiness may persist in patients with OSA, despite PAP use. However, whether OSA is the direct cause of or a risk
               factor for excessive sleepiness is unknown, and other mechanisms such as obesity and snoring may account for sleepiness.38, 39  dditionally, other factors may come into play, such as inadequate PAP adherence and/or treatment, the lack of a clear definition
               of excessive sleepiness, and undiagnosed associated conditions such as depression or narcolepsy.38, 39. The observed frequency of recorded diagnoses may also increase or decrease in claims data over time in response to billing
               and reimbursement policies.40  Our study found that in 2016, excessive sleepiness occurred in 15.8% of patients with OSA plus PAP use, and in 14.1% of
               patients with OSA and no PAP use. 
            

            For males, diagnosed OSA prevalence generally appeared to be higher in those with commercial insurance, while females with
               Medicare generally had a higher prevalence. This observed association may be artifactual or related to characteristics of
               this sub-population, e.g. greater persistency or better coverage Table  2. As discussed previously, variations exist in the testing, criteria and subsequent diagnosis of OSA. Definitions of disease
               may vary based on the payer’s criteria for diagnosis, e.g. apnea-hypopnea index minimum qualification for PAP use. These variations
               likely carry over to differences observed in payer’s policies and the 10,000 plus estimated health plans in the US.41  
            

            There are advantages and disadvantages to our approach of using medical and pharmacy claims to study OSA prevalence and treatment
               patterns. The most obvious advantage is the ability to base our analyses on more than 66 million individuals with appreciable
               geographic representation in all 50 states. That enabled estimates of prevalence and treatment patterns of high statistical
               precision for subgroups defined by year, sex, age, type of insurance, and region of the country. The major disadvantage of
               our claims-based approach is the inability to confirm diagnoses for OSA patients with clinical information. To mitigate that
               disadvantage, we used an algorithm that required 2 OSA claims within a 6-month period. This approach has been used widely
               with claims data to obviate rule-out diagnoses and has been found to identify cases with a high positive predictive value.
               The tradeoff is some loss of sensitivity. So, our case identification should be interpreted to be focused on those with active
               disease or actively seeking care, the population of interest for assessing treatment patterns over time. Other limitations
               include that the experience of insured patients may differ from that of uninsured patients and that the Medicare patients
               in our dataset were largely those enrolled in Medicare Advantage plans, considered to be a healthier subset of the Medicare
               population. Finally, PAP use may be under-reported as durable medical equipment claims are not always captured through pharmacy
               or private practitioner medical claims. On balance, however, our analysis of claims data likely provides a valid assessment
               that OSA prevalence and PAP usage increased over the 2013-2016 time period, that prevalence was higher for males than for
               females, and that clinical markers of excessive sleepiness declined. These trends are informative for clinicians, payers,
               and patients and highlight the growing significance of OSA and the need for continued progress in treating these patients.
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