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Structured Abstract

Purpose—To assess the trends in pulmonary rehabilitation (PR) use and factors associated with
its use in older adults with chronic obstructive pulmonary disease (COPD) from 2003-2012.

Methods—We examined Medicare beneficiaries with COPD who received PR from January 1,
2003 to December 31, 2012. COPD subjects were identified by: 1) =2 outpatient visits >30 days
apart within one year with an encounter diagnosis of COPD; or 2) an acute care hospitalization
with COPD as the primary diagnosis or an acute respiratory failure primary diagnosis with a
secondary discharge diagnosis of COPD. PR was the study outcome identified by healthcare
common procedure coding system (HCPCS) codes G0237, G0238, G0239, G0424 (after year
2010) or current procedural terminology CPT codes (97001, 97003, 97110, 97116, 97124, 97139,
97150, 97530, 97535, 97537) in a calendar year.

Results—Subjects with COPD who received PR increased from 2.6% in 2003 to 3.7% in 2012
(p-value 0.001). In a multivariable analysis, factors associated with receipt of PR were younger
age, non-Hispanic white race, high socioeconomic status, multiple comorbidities (OR 1.20; 95%
Cl: 1.13-1.27) and evaluation by a pulmonary physician (OR 2.23; 95% ClI: 2.13-2.33). Increase in
PR use was attributed to prior users rather than new users of PR.

Conclusions—The use of PR in unique patients with COPD remains low.

Keywords
chronic obstructive pulmonary disease; pulmonary rehabilitation

Corresponding Author: Shawn P.E. Nishi, MD, Division of Pulmonary & Critical Care Medicine, University of Texas Medical Branch,

301 University Blvd, Galveston, TX 77555-0561, spnishi@utmb.edu.

No Financial Support or Conflicts of Interest to Disclose.

Authorship and Contributorship- All authors have read and approved of the manuscript

Shawn P.E. Nishi: substantial contributions to conception and design, interpretation of data; 2) drafting the article or revising it
critically for important intellectual content; and 3) final approval of the version to be published; guarantor of the paper

Wei Zhang: acquisition of data, analysis and interpretation of data, final approval of the version to be published;

Yong-Fang Kuo: substantial contributions to conception and design, analysis and interpretation of data, final approval of the version to

be published;
Gulshan Sharma: substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; 2)
drafting the article or revising it critically for important intellectual content; and 3) final approval of the version to be published.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nishi et al. Page 2

Introduction

Pulmonary rehabilitation (PR) is a non-pharmacologic treatment program targeting the
systemic manifestations of chronic obstructive pulmonary disease (COPD). It offers a
comprehensive, integrative approach with goals to relieve symptoms, halt systemic
manifestations related to the disease and impact behavior change through education for self-
management beyond the duration of the program.

Benefits of PR include reduced symptoms of dyspneal2, increased exercise capacity?:3,
improved health related quality of life (QOL)34, optimized self-management, increased
participation in daily lifeZ and reduced health care resource utilization3. Regardless of
severity of obstruction, any symptomatic patients with COPD have shown similar
improvement in outcomes.

Although first defined in 1974, PR continues to evolve and numerous professional societies
have drafted official statements for the use of PR in COPD57. Moreover, PR was endorsed
as standard therapy for COPD by the Global Initiative for Obstructive Lung Disease
(GOLD)g; the National Emphysema Treatment Trial (NETT) incorporated PR in 2003 as a
requirement for patients referred for lung volume reduction surgery (LVRS)®. However, its
widespread use outside of NETT remains poorly understood.

There are no national studies describing the current use of PR among patients with COPD in
the United States. Using a 5% national sample of fee-for-service Medicare beneficiaries, we
examined national trends and factors associated with the use of PR in older adults with
COPD between 2003 and 2012. We hypothesize an increase in PR in patients with COPD
after 2010, the year Centers for Medicare and Medicaid Services (CMS) approved PR
services.

Methods

Data Source

This is a retrospective study of PR use in subjects with COPD using a 5% Medicare
beneficiary population, 2003-2012. Over 98% of adults in the United States age =65 years
are enrolled in Medicare, which comprises >45 million beneficiaries. The CMS selects a
random sample of 5% Medicare beneficiaries based on the eighth and ninth digits (05, 20,
45, 70, 95) of their health insurance claim number and this standard data available for
research purposes has been shown to be representative of the whole cohort10.

This study was approved by the University of Texas Medical Branch Institutional Review
Board and informed consent was not obtained due to the nature of the study. All records
were de-identified prior to analysis. Data from multiple files were used for this study: 1)
Denominator File (Medicare enrollment information and demographic data); 2) Medicare
Provider Analysis and Review file (claims for hospital inpatient and skilled nursing facility
stays); 3) Outpatient Standard Analytic File (hospital outpatient services); and 4) 100%
Physician/Supplier File (physicians and other medical services)20.
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Study Cohort

Variables

A patient met the diagnosis of COPD who had any of the following: 1) at least two
outpatient or consultation visits (Evaluation and Management [E&M] codes 99201-99205,
99211-99215) with an encounter diagnosis of COPD at least 30 days apart within a year; or
2) one acute care hospitalization with a primary discharge diagnosis of COPD based on the
following International Classification of Diseases, 9 revision (ICD-9) codes: 491.x
(chronic bronchitis), 492.x (emphysema) or 496 (chronic airway obstruction); or 3) an acute
care hospitalization for respiratory failure (ICD-9 codes 518.81, 518.82, 518.84) as the
primary discharge diagnosis and COPD listed as the secondary diagnosis. The index date
was defined as the earliest COPD encounter during the calendar year.

A separate denominator file of beneficiaries with COPD was created for each calendar year
(2003-2012). Each file was composed of participants in the year of interest who: 1) had a
diagnosis of COPD; 2) were age =66 years; 3) had complete Medicare enrollment (Part A,
Part B) in the year prior to and the year of interest or until death; 4) were not enrolled in a
health maintenance organization (HMO); 5) were not a resident of a nursing facility in the
year before and the year of interest or until death; and 6) and being a resident in one of nine
United States geographic regions.

Medicare enrollment files were used to categorize subjects by age (66-74, 75-84, =85
years), gender (male, female) and race/ethnicity (White, Black and Other). Medicaid
eligibility (state buy-in) in the enrollment file was used as a proxy for low socioeconomic
status. A comorbidity score (0, 1, 2, =3) was generated using the Elixhauser comorbidity
score (excluding COPD) from inpatient and outpatient billing datall.12. Geographic region
was divided into 9 CMS regions.

Outpatient physician visits to a primary care physician (PCP) or to a pulmonary specialist
during the 365 days prior to the index date, defined as the first visit with COPD, were
calculated. PCPs include physicians in any of the following specialties: family medicine,
general practice, internal medicine and geriatrics. Beneficiaries who had a PCP visit and a
pulmonary physician visit were considered as being co-managed by a PCP and a pulmonary
specialist; those who had a visit to a non-PCP or a non-pulmonary physician were
considered as having “other” physician.

Outcome Measure

Our outcome of interest was unique days of PR performed in each calendar year of interest
for subjects with COPD. PR was identified through the healthcare common procedure
coding system (HCPCS) codes G0237, G0238, G0239, G0424 (after year 2010) or the CPT
codes 97001, 97003, 97110, 97116, 97124, 97139, 97150, 97530, 97535, 97537 with
primary ICD-9 diagnosis codes 491.x, 492.x, or 496.x.

Statistical Analysis

Patient characteristics were summarized from 2003-2012 using counts and percentages of
categorical variables. A generalized estimate equation with binomial distribution model
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analysis was used to assess the trend in PR utilization adjusted for patient characteristics
(age, gender, race, region and comorbidity) and health care measures (type of provider) and
accounted for the cluster effect of patient. A patient with COPD can be eligible for PR in
each year. We randomly selected one hospital per patient per year to examine the receipt of
PR use after hospitalization for COPD. All analyses were performed using SAS version 9.2
(SAS Inc., Cary, NC). All reported p-values were two-sided with p<0.05 considered
statistically significant.

Results

Baseline characteristics of the study cohort in select years are presented in Table 1. The
number of COPD beneficiaries remained stable overall during the study period from 33,526
to 33,446 subjects; however, the number of beneficiaries with COPD utilizing PR increased
from 870 subjects in 2003 to 1239 subjects in 2012. Overall, the percentage of COPD
subjects utilizing PR remains low: only 3.70% in 2012.

The largest percentage increases in PR use from 2003 to 2012 were in individuals older than
75 years, males, those of black race and those with more co-morbidities and higher
socioeconomic status. However, these increases were of small magnitude. Geographically,
PR use in COPD subjects increased across all regions from 2003 to 2012, except in the West
South Central region, where it decreased from 2.72% to 2.66%. Increase in PR use varied
from 0.27% in the East South Central regions to 2.42% in the Mountain region.

The majority of subjects with COPD were managed by a PCP alone or co-managed with a
pulmonary physician (84.8% in 2012). The largest percentage of subjects who used PR were
managed by a pulmonary physician alone or comanaged with a PCP (89.2% in 2012).
Subjects comanaged by a PCP and a pulmonary physician showed the largest percentage
increase in use of PR over time.

Table 2 shows the number of days with PR claims per subject who received PR by calendar
year over the study period. Among patients who received PR, the majority of subjects
participated in >8 PR days throughout the study period. The percent of subjects participating
in 1-4 and >8 PR days increased slightly over the study period (<1%). Subjects receiving 5-8
PR days decreased from 14.37% to 12.83% during the study period.

Table 3 presents the multivariable analysis of factors associated with PR use in subjects with
COPD. Younger subjects (66-74 years), males, those of higher socioeconomic class and
those with more comorbidities had higher odds of participating in PR. After adjusting for
other relevant factors, compared to 2003, subjects in 2012 had 35% higher odds (odds ratio
[OR] 1.35, 95% Confidence Interval [CI] 1.24-1.48) of participating in PR. Beneficiaries co-
managed by both a PCP and a pulmonary physician had a significantly increased odds of PR
participation (OR 2.23; 95% CI: 2.13-2.33) over those seen by a PCP only.

Finally we examined the percentage of subjects who participated in PR within 30 days after
a hospitalization for COPD. Only 0.59% in 2003 and 0.62% in 2012 had a claim for PR after
hospitalization for COPD suggesting most PR use is after 30 days of hospitalization and/or
referred from an out-patient setting.
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Discussion

We report use of PR in the Medicare population with COPD over time. From 2003 to 2012,
subjects enrolled in PR modestly increased. Among those who participated (3.7%) in PR,
most completed at least 8 sessions of the program. However, despite becoming an allowable
benefit under Medicare since 2010, PR use remains low.

Our result of the low use of PR is consistent with prior international surveys of 1-2% use of
PR in patients with COPD. The modest increase in PR noted in the study is likely
multifactorial. The American Association of Cardiovascular and Pulmonary Rehabilitation
(AACVPR) estimates that there are over 1000 PR programs in the United States, a number
which continues to grow!3. However, an international study evaluating accessibility to PR
programs estimated that <1.2% of the COPD population could receive PR if all available
facilities operated at capacityl®. The majority of PR programs are outpatient and affiliated
with hospitals, but use of home and community based programs extend PR benefits beyond
these, mainly in urban settings4. This is the likely explanation of regional variation of use
of PR in our population.

Any symptomatic patient with lung disease qualifies for PR; however, specific
circumstances should prompt PR referral. Recent data indicate an increase in oxygen therapy
since 2001 as over 40% of COPD subjects had at least one durable medical equipment claim
for oxygen by 20101°. Prescription of oxygen should serve as a reminder to consider PR.
Patients with a history of COPD exacerbation have increased odds of future exacerbations,
which is also the most common reason for PR non-adherencel617, Referral to PR following
a recent COPD exacerbation is safe and reduces hospital admission, emergency room (ED)
visits and unscheduled physician visits!®. Only 0.62% of patients in 2012 had a claim of PR
after hospitalization for COPD in our cohort. This may represent an opportunity to improve
disease management by early referral to a PR program. In contrast, prescription sales of
COPD inhalers increased from 6% to up to 30% over the last decade; however, the use of PR
remains low®. PR referral should be considered when adding long acting bronchodilators
and for patients hospitalized for acute exacerbation of COPD.

Several factors need to be addressed in order to increase PR participation. Less than 25% of
COPD patients are evaluated by a pulmonary physician, who comprise the majority of PR
referrals420, Primary care physicians diagnose and manage the majority of patients with
COPD. However, a recent survey showed that, although 32% had PR available, only 3% of
PCPs thought PR was beneficial for patients and were less likely to refer patients to PR20-22,
Other cited reasons for low PCP referral were lack of PR awareness, unclear referral process
and questioning the need to do more to promote exercise behavior change?3. Patient factors
associated with low PR participation include belief that their disease was too mild or too
severe to benefit from PR, fear that PR would be detrimental to their health or inability to
attend related to lack of transportation or social support16:24.25 Promoting PR will require a
multifactorial approach to include physician and patient education, improved program access
and structures to encourage enrollment and adherence.
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PR clearly has improved patient centered outcomes but it also has a role in the changing
environment of healthcare reimbursement. Starting FY2015, CMS added COPD to the list of
conditions subject to penalties for readmissions under the Hospital Readmission Reduction
Program?Z%. Additionally, the first phase of implementation of the Bundled Payments for
Care Improvement initiative began in 2013. Compared to the traditional fee-for-service
reimbursement model, this model links a single payment to the multiple services
beneficiaries receive during an initial and subsequent related episodes of care?’. The
majority of the economic burden in caring for COPD is due to hospitalization for acute
exacerbations?829, As PR is shown to reduce the COPD-related ED visits, hospitalizations
and unscheduled physician visits, PR provides an overall cost-effective management strategy
for a health care system38:28.30.31 Ag we shift from volume- to value-based reimbursement,
it is prudent for every health system to offer hospital- or community-based PR services to its
patients with COPD. Products are under development to offer low cost PR applications for
patients who are technology savvy and/or located in a healthcare system without PR in the
vicinity.

Strengths of the study include large sample size and a nationally representative cohort of
subjects. There are several limitations in our study. Our data does not identify the number of
suitable patients with COPD who might benefit from PR. However, COPD management
guidelines suggest that any COPD patient with respiratory symptoms, reduced exercise
tolerance or restriction in activities because of the disease should be consider for PR
referral®8:30, Administrative data also does not indicate the number of referrals, only the
number of participating subjects. International survey data show that only 3-16% of suitable
candidates with COPD are referred for PR and up to half of these referred patients never
attend a single session of PR16:25, Therefore, we cannot discern if the modest increase in PR
may be due to a greater number of referred candidates or an inherent rise in PR sessions due
to re-enrollment of past participants. Additionally, claims data can only indicate the number
of sessions submitted for payment and does not give any information on the quality of PR
programs. PR programs not certified by the AACVPR may not have a standardized practice
or competencies. The use of PR prior to 2010 was based on HCPCS codes and may have
been recommended for other reasons than COPD, such as congestive heart failure. However,
even factoring in its use for non-COPD conditions, PR referral remains low. Moreover, after
the introduction of the specific code G0424, we saw no substantial growth in the use of PR
in patients with COPD. Due to the cross section nature of the study, a PR participant may be
included in multiple years. The number of unique patients with COPD who initially
participated in PR during our study period was 2.6% in 2003 and 2.88% in 2012 suggesting
modest growth seems likely from repeat use than new referrals.

In conclusion, PR use in Medicare subjects with COPD, despite a modest increase, remains
suboptimal.

Acknowledgments

Funding/Support. This work was supported by the Agency for Healthcare Research and Quality. RO1-HS020642,
The Patient Centered Outcomes Research Institute (R24-HS022134).

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nishi et al.

References
1.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 7

Reardon J, Awad E, Normandin E, Vale F, Clark B, ZuWallack RL. The effect of comprehensive
outpatient pulmonary rehabilitation on dyspnea. Chest. 1994; 105(4):1046-1052. [PubMed:
8162723]

. Ries AL, Kaplan RM, Limberg TM, Prewitt LM. Effects of pulmonary rehabilitation on physiologic

and psychosocial outcomes in patients with chronic obstructive pulmonary disease. Annals of
internal medicine. 1995; 122(11):823-832. [PubMed: 7741366]

. Griffiths TL, Burr ML, Campbell IA, et al. Results at 1 year of outpatient multidisciplinary

pulmonary rehabilitation: a randomised controlled trial. Lancet. 2000; 355(9201):362-368.
[PubMed: 10665556]

. Goldstein RS, Gort EH, Stubbing D, Avendano MA, Guyatt GH. Randomised controlled trial of

respiratory rehabilitation. Lancet. 1994; 344(8934):1394-1397. [PubMed: 7968075]

. Spruit MA, Singh SJ, Garvey C, et al. An official American Thoracic Society/European Respiratory

Society statement: key concepts and advances in pulmonary rehabilitation. American journal of
respiratory and critical care medicine. 2013; 188(8):e13-64. [PubMed: 24127811]

. Ries AL, Bauldoff GS, Carlin BW, et al. Pulmonary Rehabilitation: Joint ACCP/AACVPR

Evidence-Based Clinical Practice Guidelines. Chest. 2007; 131(5 Suppl):4S-42S. [PubMed:
17494825]

. Bolton CE, Bevan-Smith EF, Blakey JD, et al. British Thoracic Society guideline on pulmonary

rehabilitation in adults. Thorax. 2013; 68(2):ii1-30. [PubMed: 23880483]

. Global Strategy for Diagnosis, Management, and Prevention of COPD. 2014. http://

www.goldcopd.org/guidelines-resources.html

. Ries AL, Make BJ, Lee SM, et al. The effects of pulmonary rehabilitation in the national

emphysema treatment trial. Chest. 2005; 128(6):3799-3809. [PubMed: 16354848]

. Carlin BW. Pulmonary rehabilitation: a focus on COPD in primary care. Postgraduate medicine.
2009; 121(6):140-147. [PubMed: 19940424]

Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative
data. Medical care. 1998; 36(1):8-27. [PubMed: 9431328]

[Accessed Jan 2013] Comorbidity Software, Version 3.7. 2013. http://www.hcupus.ahrg.gov/
toolssoftware/comorbidity/comorbidity.jsp

Garvey C, Fullwood MD, Rigler J. Pulmonary rehabilitation exercise prescription in chronic
obstructive lung disease: US survey and review of guidelines and clinical practices. Journal of
cardiopulmonary rehabilitation and prevention. 2013; 33(5):314-322. [PubMed: 23846840]

Desveaux L, Janaudis-Ferreira T, Goldstein R, Brooks D. An International Comparison of
Pulmonary Rehabilitation: A Systematic Review. Copd. 2014

Nishi SP, Zhang W, Kuo YF, Sharma G. Oxygen Therapy Use in Older Adults with Chronic
Obstructive Pulmonary Disease. PloS one. 2015; 10(3):e0120684. [PubMed: 25785586]

Hayton C, Clark A, Olive S, et al. Barriers to pulmonary rehabilitation: characteristics that predict
patient attendance and adherence. Respiratory medicine. 2013; 107(3):401-407. [PubMed:
23261311]

Fischer MJ, Scharloo M, Abbink JJ, et al. Drop-out and attendance in pulmonary rehabilitation: the
role of clinical and psychosocial variables. Respiratory medicine. 2009; 103(10):1564-1571.
[PubMed: 19481919]

Puhan MA, Gimeno-Santos E, Scharplatz M, Troosters T, Walters EH, Steurer J. Pulmonary
rehabilitation following exacerbations of chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2011; (10):CD005305. [PubMed: 21975749]

Ford ES, Mannino DM, Giles WH, Wheaton AG, Liu Y, Croft JB. Prescription practices for
chronic obstructive pulmonary disease: findings from the national ambulatory medical care survey
1999-2010. Copd. 2014; 11(3):247-255. [PubMed: 24568285]

Nishi SP, Wang Y, Kuo YF, Goodwin JS, Sharma G. Spirometry use among older adults with
chronic obstructive pulmonary disease: 1999-2008. Annals of the American Thoracic Society.
2013; 10(6):565-573. [PubMed: 24053440]

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2017 September 01.


http://www.goldcopd.org/guidelines-resources.html
http://www.goldcopd.org/guidelines-resources.html
http://www.hcupus.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
http://www.hcupus.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nishi et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 8

Johnston K, Grimmer-Somers K. Pulmonary rehabilitation: overwhelming evidence but lost in
translation? Physiotherapy Canada Physiotherapie Canada. 2010; 62(4):368-373. [PubMed:
21886377]

Yawn BP, Wollan PC. Knowledge and attitudes of family physicians coming to COPD continuing
medical education. International journal of chronic obstructive pulmonary disease. 2008; 3(2):
311-317. [PubMed: 18686740]

Johnston KN, Young M, Grimmer KA, Antic R, Frith PA. Barriers to, and facilitators for, referral
to pulmonary rehabilitation in COPD patients from the perspective of Australian general
practitioners: a qualitative study. Primary care respiratory journal : journal of the General Practice
Airways Group. 2013; 22(3):319-324.

Fischer MJ, Scharloo M, Abbink JJ, et al. Participation and drop-out in pulmonary rehabilitation: a
qualitative analysis of the patient's perspective. Clinical rehabilitation. 2007; 21(3):212-221.
[PubMed: 17329278]

Keating A, Lee A, Holland AE. What prevents people with chronic obstructive pulmonary disease
from attending pulmonary rehabilitation? A systematic review. Chronic respiratory disease. 2011,
8(2):89-99. [PubMed: 21596892]

[Accessed 3/25/15] Readmissions Reduction Program. 2014. http://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Payment/AcutelnpatientPPS/Readmissions-Reduction-Program.html
Bundled Payments for Care Improvement Initiative Fact Sheet. http://www.cms.gov/Newsroom/
MediaReleaseDatabase/Fact-sheets/2014-Fact-sheets-items/2014-07-31.html

Griffiths TL, Phillips CJ, Davies S, Burr ML, Campbell 1A. Cost effectiveness of an outpatient
multidisciplinary pulmonary rehabilitation programme. Thorax. 2001; 56(10):779-784. [PubMed:
11562517]

Rubi M, Renom F, Ramis F, et al. Effectiveness of pulmonary rehabilitation in reducing health
resources use in chronic obstructive pulmonary disease. Archives of physical medicine and
rehabilitation. 2010; 91(3):364-368. [PubMed: 20298825]

Nici L, Donner C, Wouters E, et al. American Thoracic Society/European Respiratory Society
statement on pulmonary rehabilitation. American journal of respiratory and critical care medicine.
2006; 173(12):1390-1413. [PubMed: 16760357]

Bourbeau J, Julien M, Maltais F, et al. Reduction of hospital utilization in patients with chronic
obstructive pulmonary disease: a disease-specific self-management intervention. Archives of
internal medicine. 2003; 163(5):585-591. [PubMed: 12622605]

Alphabetical list of abbreviations

COPD chronic obstructive pulmonary disease

PR Pulmonary rehabilitation Introduction

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2017 September 01.


http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://www.cms.gov/Newsroom/MediaReleaseDatabase/Fact-sheets/2014-Fact-sheets-items/2014-07-31.html
http://www.cms.gov/Newsroom/MediaReleaseDatabase/Fact-sheets/2014-Fact-sheets-items/2014-07-31.html

Page 9

Nishi et al.

(z'56) 9991 (8'v) €8 6v.T | (6',6) 86T (o) se ee9r | (L26)16ST | (€2) 88 | 629T ureluNoN
(896) 60y | (2e)wvt | eswy | (T'26)2Tey | (62)Get | Leev | (6°26)918v | (T'2) 10T | LT6v onuey S|ppPIN
(526) 5e8¢ (s2)zL 1062 | (e',6) €95¢ (L2t vegz | (8'L6)6eLe | (22)29 | 1082 [enus) ynos 1seq
(cg6)8ees | (Lv)Lse | s6vs | (€se)Te6y | (Lv)Gve | 9.1 | (096) L29S | (0'v) 9gz | €168 [eudD YHON 1se3q
uoifay SINO
(6'g6) €26€T | (T¥)€LS | oveeT | (2'96) €090T | (8°€) €Tv | 9T0TT | (2'26) 1088 | (8'2)2Se | €506 €2
(€96) 95,9 | (1€)ese | stoL | (r9e)sov9 | (9€)ove | 8v99 | (526)00v9 | (G52) 29T | 2959 Z
(96) 950, | (g€)vse | oteL | (o26)Tvel | (0€)Gez | 99SL | (v'26) 1688 | (92) vez | TETH T
(0z6)czos | (oe)est | G215 | (896)92.5 | (ce)9sT | 2165 | (526)8558 | (G2) ez | 08.8 0

24095 ANpIGIOWOD Jasneyx1|3

(026)0z8s | (02)ozt | oves | (18e) ¥96v | (06'T)96 | 0905 | (+'86)815G | (9°T)26 | 0T9S S3A

(6'56) 28€92 | (1) 6TTT | 90S.2 | (€'96) #1152 | (2€)896 | 2809z | (z'26) 8e€TLe | (82) 8L | 916L2 ON

Qm_‘dmuw JIWOU0I30120S MO

(e°86) 9521 (tmzz | sLet | (e86) T2TT (zm)et | ovtt | (0e6)28TT | (0T 2T | veIT sIY10
('96) 26LT (9¢) 99 8s8T | (026) 26vT | (vOo€) Ly | wvsT | (9'86) 918T | (¥'T)9C | ¢¥8T oelg
(c'96) 65162 | (8°€) TSTT | 01€0€E | (S'96) 09¥22 | (5€)866 | 8Gv8z | (€°26) 85962 | (L'¢) 2e8 | 06¥0E aMUM
9dey
(596) 0v8LT | (5€) €59 | e6v8T | (L'96) 80esT | (€€)€es | 1€8ST | (2'26) 86€9T | (8'C) 9v | v.189T aJewsaS
(T'96) L9evT | (6€)98S | €56vT | (5'96) 0LL¥T | (S€) TV | TTEST | (9°26) 8529T | (v'2) v6E | 2599T aleN
X9S
(L26)vzay | (€Q)stT | 6e6v | (€'86) v62E (21) 28 16e€ | (0'66) 8682 | (20'T) 0E | 826C 68
(coe) 1seeT | (8°€) vs | s6vwT | (L'96) vwiet | (e€)6ey | €8I€T | (L'26) 82TvT | (€72) 9¢€ | vOvvT 8-/
(6'36) cevet | (2Tv) LLS | 600vT | (1°96) OvOVT | (6°€) 89S | 809¥T | (6°96) 0£9ST | (T°€) ¥0S | ¥ETIT 72-99
A ‘9by
(0'96) L0zze | (0€) 62T | ovvee | (9°96) 8L00€ | (c'€) ¥90T | zvite | (v'26) 9592€ | (9'2) 028 | 9zsee 11e19A0
Yd-ON dd [eloL dd-ON dd [eloL Ud-ON Hd [eloL
210¢ :swuaired Adoo 800z :s1uaied AdOD €002 :sjuaired AdoD

e ¢T0Z PUe 8002 ‘€002 Bulanp uonel|iqeysy Areuownd aA18da. 10U pIp pue pip oym AdOD YHM Jualred Jo sofisiialoeseyd auljeseq
TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2017 September 01.



Page 10

Nishi et al.

Hﬂ.co_mmmamc pue ‘sasoydAsd ‘asnge Bnip ‘asnge [oyod|e ‘elwaue Adusiolep ‘elwaue

SS0| POO|q ‘SJapJosIp 81410430818 pue pInjy ‘ssof yBram ‘Alisaqo ‘Ayredojnbeod ‘saseasip Jejnasen usfie]|09/SIILIYLE PIoTeLNayY) ‘SISBISEIaW INOYIM Jown] PIjos ‘12ued d1jeiselsw ‘ewoydwA| ‘(swolpuis
Aouaiolyap aunwwi palinbae) sl ‘Buipas|g Buipnjoxa aseasip 189N dndad ‘aseasip JaAl] ‘ainjies jeual ‘wisiplotAyiodAy ‘paredljdwos-saiagelp ‘paledljdwosun-saiagelp ‘siapaosip ea160joinau 1ayio
‘sisAjeed ‘uoisualiadAy ‘siap.osip Jejnasea jelaydiiad ‘si1apiosip uoie|nalid Areuownd ‘aseasip Je[nAjeA ‘ainjies Leay aAllsabuod ‘aseasip Areuow|nd o1uo4yd :sjusuodwiod 8103s ANpIGIOWod _mmsm:x__m_u

“Jeak xapul ay) Bulinp yiuow auo ises| 1e oy weiboid preaipain ayy Aq papinoid abelanod ul-Ang ares 10y a]qibija sem ualred syl Jaylaym UO paseq Sem SnJeis J1LoU0Ia01d0S

q

*(9%) Jaquinu se pauiodas Emn_w

‘ueld1sAyd Areuownd ‘“INd ‘uonenigeyal Areuownd ‘dd ‘ueidisAyd ased Arewild ‘dDd ‘eseasip Areuownd aA1I9NIISAO JIUOIYD ‘AdOD ‘SAIIAISS PIRIIP3IA PUR 8IRJIPSIA J0) SIIUSD ‘SIAD :SUOIRINSIGQY

(5'86) 65€C (1) 9 geez | (5'86) €512 (sT) ve 1812 | (9'86)sL12 | (PT)TE | 9022 S1UI0
(5v6) 96GeT | (59)eeL | 6ezeet | (8'v6) 66€0T | (2°6) 29S | 9960T | (9°G6) 2086 | (v¥) vev | T1€L6 INd +dod
(€'96) ¥85¢ (L€) 86 289z | (e'96) T2Ge (2€) L6 819z | (6'96) 5682 | (T€)v6 | 6862 Ajuo Ind
(526)899vT | (S2)zLe | ovOST | (9°26) S00ST | (v'2) 99e | Tr€ST | (€'86) 62281 | (L'T) Tee | 0098T Ajuo dod
J3pIN0Id
(e6)885e | (L2)86 | 989e | (196)692e | (ee)ert | 18ee | (e26) L9ve | (22) 26 | vose [e23U8D UYINOS 1S9
(ov6) €98T | (r's)90T | 6961 | (0'se) 216T | (0'S) 00T | 2TOC | (6'96) 0602 | (T'€)99 | 95TC [e3U9D YHON 1S3
(s96) v26L | (se)esz | €928 | (6'96)zees | (re)ese | ssve | (286) 9922 | (8T)TvT | L06L JUBPY YyInos
(996) sLoe | (re)eot | v81e | (5'26) 8882 (2L 2962 | (c.6)6682 | (L2)6L | 8.62 lj19ed
(eg6)659T | (v)18 | ovet | (9se)esyT | (rv)e9 | esst | (oz6)Tror | (€)os | 199T puejBuz meN
d-ON dd [eoL Ud-ON Hd [eloL dd-ON dd [eoL
210z :susired Adoo 800z :swusired AdOO €00z :syusired AdoD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 September 01.

1

J Cardiopulm Rehabil Prev. Author manuscript



Page 11

Nishi et al.

‘uonren|iqeyas Areuownd *yd ‘aseasip Areuownd 8A1ONIISAO 1UOIYD ‘AdOD :SUOIBIABIGGY

¢99 | 089 | L9 | OV9 | T89 | €29 | §/9 | 899 | €49 | 999 8<
8¢l | ¥0T T6 T¢T | ¢T1 ¢¢l | ¢TIT | €¢T | 0¢T | vl 8—-G
0'1¢ 9'1¢ (444 6'€C 1'0¢ §0¢ €71¢ 6'1¢ L'0¢ T'0C V-1

9% ‘sheq
6€CT | 09¢T | L¥2T | L0OCT | ¥90T | 8S0T | ¢80T | €80T | SSOT 0.8 U "dd yum sjuaiied
¢10C | TT0Z | 0TOC | 600C | 800C | L0OC | 900C | S00C | ¥00C | €00C

ZT0Z-€002 :desA Jepusfed Ag ¥d Aue paa1gday oy AdOD Yum siusiied anbiun Ag uonezijnn Hd 4o skeq 4o JequinN
¢ 9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2017 September 01.



Nishi et al. Page 12

Table 3
Multivariable analysis of factors associated with odds of receiving pulmonary

rehabilitation (PR) in patients with COPD from 2003 to 2012

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Variable

Model 1

Odds of PR (95% CI)

Model 2

Odds of PR (95% ClI)

Diagnosed Year

2003 Ref Ref
2004 1.20 (1.10 - 1.31) 1.18 (1.08 - 1.29)
2005 1.23 (112 - 1.34) 1.20 (1.10 - 1.31)
2006 1.30 (1.19 - 1.42) 1.25 (1.14 - 1.37)
2007 1.32 (1.20 - 1.44) 1.25 (1.14 - 1.37)
2008 1.33 (1.22 — 1.46) 1.26 (1.15— 1.38)
2009 1.39 (1.27 - 1.52) 1.33 (1.22 - 1.46)
2010 1.41 (1.29 - 1.53) 1.34 (1.23 - 1.46)
2011 1.42 (1.30 - 1.55) 1.34 (1.23 — 1.46)
2012 1.44 (1.32 - 1.57) 1.35 (1.24 — 1.48)

Age Group (years)

66 - 74 Ref

75-84 0.83 (0.79 - 0.86)

285 0.50 (0.46 — 0.54)
Gender

Female Ref

Male 1.02 (0.97 - 1.06)
Race

White Ref

Black 0.82 (0.72-0.92)

Others 0.73 (0.61 - 0.86)

Low socioeconomic status
No
Yes

Ref
0.59 (0.55 — 0.64)

Elixhauser Comorbidity
0

Ref

1 1.02 (0.96 - 1.09)

2 1.10 (1.04 - 1.18)

>3 1.20(1.13-1.27)
Region

New England Ref

East North Central
East South Central
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Model 1

Variable Odds of PR (95% CI)

Model 2
Odds of PR (95% ClI)

Middle Atlantic
Mountain

Pacific

South Atlantic
West North Central
West South Central

0.60 (0.53 — 0.66)
0.74 (0.65 — 0.84)
0.77 (0.69 — 0.86)
0.70 (0.64 - 0.77)
1.08 (0.97 - 1.21)
0.64 (0.57 - 0.72)

Provider
PCP only Ref
PUL only 1.51 (1.39 - 1.63)
PCP + PUL 2.23(2.13-2.33)
Others 0.70 (0.62 - 0.78)

1. PR was identified through the healthcare common procedure coding system (HCPCS) codes (G0237, G0238, G0239) or
the evaluation and management (E&M) codes (97001, 97003, 97110, 97116, 97124, 97139, 97150, 97530, 97535, 97537)
with primary ICD-9 codes (491.x, 492.x, or 496.x);

2. A Chronic Obstructive Pulmonary Disease (COPD) diagnosis is defined as having International Classification of
Diseases, ninth revision (ICD-9) codes 491.x [chronic bronchitis], 492.x [emphysema], or 496 [chronic airway obstruction];

3. Socioeconomic status: based on whether the patient was eligible for state buy-in coverage provided by the Medicaid
program for at least one month during the index year;

4. Elixhauser comorbidity components: chronic pulmonary disease, congestive heart failure, valvular disease, pulmonary
circulation disorders, peripheral vascular disorders, hypertension, paralysis, other neurological disorders, diabetes-
uncomplicated, diabetes-complicated, hypothyroidism, renal failure, liver disease, peptic ulcer disease excluding bleeding,
AIDS (acquired immune deficiency syndrome), lymphoma, metastatic cancer, solid tumor without metastasis, rheumatoid
arthritis/collagen vascular diseases, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia,
deficiency anemia, alcohol abuse, drug abuse, psychoses, and depressionll;

5. Region: Geographic region was divided into 9 CMS regions;

6. Provider: PCPs include family medicine, general practice, internal medicine and geriatrics. PUL = pulmonary physician;

others include non-PCP or a non-pulmonary physician visits.
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