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Introduction: Little is known about the variability in chronic obstructive pulmonary disease (COPD) management and how it may be
affected by patient characteristics across different healthcare systems in the US. This study aims to describe demographic and clinical
characteristics of people with COPD and compare management across five primary care medical groups in the US.
Methods: This is a retrospective observational registry study utilizing electronic health records stored in the Advancing the Patient
Experience (APEX) COPD registry. The APEX registry contains data from five US healthcare organizations located in Texas, Ohio,
Colorado, New York, and North Carolina. Data on demographic and clinical characteristics of primary care patients with COPD
between December 2019 and January 2020 were extracted and compared.
Results: A total of 17,192 patients with COPD were included in analysis: Texas (n = 811), Ohio (n = 8722), Colorado (n =
472), New York (n = 1149) and North Carolina (n = 6038). The majority of patients at each location were female (>54%) and
overweight/obese (>60%). Inter-location variabilities were noted in terms of age, race/ethnicity, exacerbation frequency,
treatment pattern, and prevalence of comorbid conditions. Patients from the Colorado site experienced the lowest number of
exacerbations per year while those from the New York site reported the highest number. Hypertension was the most common
co-morbidity at 4 of 5 sites with the highest prevalence in New York. Depression was the most common co-morbidity in Ohio.
Treatment patterns also varied by site; Colorado had the highest proportion of patients not on any treatment. ICS/LABA was
the most commonly prescribed treatment except in Ohio, where ICS/LABA/LAMA was most common.
Conclusions and Relevance: Our data show heterogeneity in demographic, clinical, and treatment characteristics of patients
diagnosed with COPD who are managed in primary care across different healthcare organizations in the US.
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Plain Language Summary
Why was the study done?

A clearer picture is needed on the variation in patient characteristics across the US as they may affect the quality of management of
patients with chronic obstructive pulmonary disease (COPD). We conducted this study to describe and compare the demographic and
clinical characteristics of patients with COPD across five primary care healthcare groups in the US.
What did the researchers do and find?

Electronic health record data from the APEX (Advancing the Patient Experience) COPD registry were extracted and variations in
patient characteristics across five healthcare organizations located in Texas, Ohio, Colorado, New York, and North Carolina were
compared.

We observed variances in the age and race/ethnicity distribution of COPD patients across different healthcare organizations in the
US Variances in clinical characteristics such as prescription of treatment, presence of co-morbid diseases, and frequency of COPD
exacerbations were also observed.
What do these results mean?

Factors that contribute to clinical care disparities need to be identified and understood to develop approaches to help standardize
and improve COPD clinical care across US healthcare.

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by a progressive respiratory airflow obstruction that
affects normal breathing and is not fully reversible.1 It remains one of the leading causes of death both globally1,2 and
within the US,3,4 and imposes significant clinical morbidity and lifestyle and socioeconomic burden on those affected by
the condition.5–7

Despite its high prevalence and disease burden, COPD is still underdiagnosed, especially within the primary care
setting.8,9 This may be in part due to the lack of availability and underutilization of spirometry which is required to
formally diagnose COPD.1,8,10,11 Due to the slow progression of COPD, its early symptoms are often unrecognized by
both patients and clinicians, despite substantial deterioration in health status.12 Consequently, COPD is often only first
diagnosed when the disease is at an advanced stage.13 Early treatment is important for potentially slowing disease
progression14 and for reducing disease burden.15 The majority of COPD patients in the US are managed in primary care
settings.16 As such, primary care clinicians play a key role in COPD treatment and management.

Guidelines for the treatment and management of COPD for patients in the US have been provided by bodies such as
the COPD Foundation,17,18 the American College of Physicians,19 the American College of Chest Physicians,19,20 the
American Thoracic Society,19 and the US Department of Veteran Affairs.21 In addition to this, the Global Strategy for the
Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Diseases (GOLD)1 provides key recom-
mendations for diagnosis and care. These recommendations outline best practices, most of which are regularly updated in
accordance with current research. However, awareness and adherence to these guidelines in primary care remain
suboptimal.11

Treatment and disease management can be influenced by patient demographics and clinical characteristics, stemming
from both patients and clinicians, which may vary widely between states, cities, and neighborhoods. This may be
amplified due to healthcare quality disparity between different healthcare systems.22,23 A clearer picture of this variation
is important for identifying underlying factors impacting care in different communities. A better understanding of the
variability across healthcare organizations may improve the ability to assess variations of care across the US due to
disease heterogeneity versus system related variations. Such information may help to suggest where care could be
standardized and where it may need to be varied to meet patient specific disease requirements. However, to date, the
variation of US primary care-based patient demographics and clinical care of people with COPD is not well described.

The APEX (Advancing the Patient Experience) in COPD patient registry (https://www.apexcopd.org/) was estab-
lished as the first primary-care health system-based registry in the US to collect both retrospective and prospective
electronic health record (EHR) data supplemented with patient-reported information/outcomes (PRIO) data from patients
with COPD.24 This study aims to investigate the variation in demographic and clinical characteristics of patients
diagnosed with COPD across different primary care healthcare organizations in the US using the APEX COPD registry.
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Methods
Design
This is a retrospective, observational registry study utilizing electronic health records from the APEX COPD Registry.
The APEX COPD Registry consists of longitudinal primary care data from 5 healthcare organizations located in Texas,
Ohio, Colorado, New York, and North Carolina, encompassing a total of 31 primary care clinics. Data stored in the
APEX COPD Registry range from August 2001 to September 2020.

Patient Population
Patients were included if they had diagnostic codes for COPD (including chronic bronchitis, emphysema, α1-antitrypsin
deficiency [AATD], and mixed COPD/asthma) and were aged ≥35 years at the time of COPD diagnosis (Supplementary
Table 1). As spirometry is poorly recorded in many primary care EHR records, no COPD-confirming result ie FEV1/FVC
ratio of >70%, was required. Additionally, patients were included if they had active/current COPD as of September 2020,
defined as having an appointment in the last two years and either: 1) had a COPD code in the last year or 2) had a prescription
for a COPD inhaler in the last two years together with a COPD diagnosis, or 3) had active patient-reported symptoms of
COPD. Active symptoms included the reporting of an exacerbation within the previous year, with an exacerbation as defined
in the study variables section. Patients were excluded if they were: 1) participating in a clinical trial for COPD drugs at the
time of enrolment, 2) had an active cancer diagnosis in the last 3 years (excluding non-melanoma skin cancers), and/or 3)
were receiving hospice care. All available data from eligible patients were extracted for this study.

Study Variables
Demographic, clinical, and PRIO variables collected in the APEX COPD Registry were developed by a panel of
international experts via a modified Delphi consensus process. Briefly, a panel of experts voted from a list of variables
to be included. At the end of each round of voting, the remaining variables were summarized and presented to the panel
for another round of voting, until the end of the third round.

The variables summarized in the current study include data on patient demographics (age, sex, race/ethnicity, BMI),
smoking status/history, COPD exacerbations, co-morbidities, and treatment. The full list and description of variables are
available in Supplementary Table 2. Additional PRIO variables collected include information on the quality of life
(COPD Assessment Test [CAT]), breathlessness (Modified Medical Research Council Dyspnea Scale [mMRC]), COPD
exacerbations and hospitalizations, and smoking status/history. Patient GOLD groups were calculated using mMRC,
CAT, and exacerbation history. The full list and description of PRIO variables collected are also available in
Supplementary Table 3.

EHR-recorded and patient-reported COPD exacerbations are defined separately. EHR-recorded COPD exacerbations
were defined according to a hierarchical algorithm as the occurrence of the following events:25

● Recorded COPD exacerbation codes (Supplementary Table 4).
● COPD, acute bronchitis, LRTI, other lower respiratory code or influenza code with prescribed oral corticosteroid
(OCS) and/or respiratory specific antibiotic.

● Uncoded exacerbation with prescribed OCS and/or respiratory specific antibiotic (without other reason).

Patient-reported COPD exacerbations are received from patient questionnaires.

Data Collection
Aggregated baseline demographic and clinical EHR data were collected from June 2019 to September 2020.
Longitudinal patient data extended to earlier years at each site: January 2002 (Texas), January 2010 (Ohio),
March 2007 (Ohio), August 2001 (New York), and July 2009 (N. Carolina). EHR data were extracted remotely by the
DARTNet Institute, a non-profit organization that hosts data sets of health information for quality improvement and
research (http://www.dartnet.info/).
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EHR data was standardized using the Observational Medical Outcomes Partnership (OMOP) common data model
(v6), allowing for the analysis of data from disparate sources. To ensure anonymity, all patients were assigned a unique
Registry ID using a one-way hashing algorithm prior to storage in the database.

PRIO data were collected by paper questionnaires or PEERS (a HIPAA compliant, browser-based study management,
and PRIO data collection system) between Dec 2019 and November 2020. These data were integrated into the OMOP
DARTNet database and reconciled with respective patient EHR data. Paired PRIO data were stored as a single data set
per patient and assigned a unique registry ID using a one-way hashing algorithm.

EHR and PRIO data quality were enhanced through a series of programmed data quality checks that automatically
detect out-of-range or anomalous data. The APEX COPD databases are hosted in the US on an Amazon Web Service
(AWS) firewall-firewall-protected server. This server is part of the HIPAA 1996 compliant DARTNet server environment
maintained by AWS. OPC Global acts as data custodians, but each site/patient continues to own the patient-level data
contributed.

Statistical Analysis
Stata version 14 (College Station, TX, US) and R version 3.6 (Vienna, Austria) were used to conduct all statistical
analyses and data handling. Descriptive statistics were computed for all demographic, clinical, and PRIO variables. All
available (non-missing) data were summarized. Categorical variables were presented as number (%) and numerical
variables as mean (standard deviation).

Results
Patient Population
A total of 17,192 patients were identified to be eligible for analysis from the APEX COPD Registry from healthcare
organizations located in Texas (n=811), Ohio (n=8722), Colorado (n=472), New York (n=1149), and North Carolina
(n=6038). Supplementary PRIO data was available from 63, 565, 62, 79, and 585 patients respectively from Texas, Ohio,
Colorado, New York, and North Carolina.

Baseline Characteristics
Sex distribution was similar at each site with a slight female majority (>54%) (Table 1). The 65–74 years age-group had
the highest proportion of patients in Texas (36.3%), Colorado (28.4%), and North Carolina (34.2%). Meanwhile, in Ohio
and New York, the age-group with the highest proportion of patients was the 55–64 years group (35.7% and 38.6%
respectively). BMI distribution was also similar across sites with 62–73% of patients being overweight or obese (BMI
≥25). Colorado had the lowest proportion of overweight to obese patients and the lowest mean BMI (mean (SD) = 27.9
[7.2]). Racial and ethnicity distribution was highly variable. Patients from Colorado (94.8%) and North Carolina (83.7%)
were predominantly Caucasian. Ohio also had a majority (58.9%) Caucasian patients but also a sizable proportion of
African American patients (31.9%). Texas had 45.9% Hispanic patients while New York consisted of mostly African
American patients. The majority (83.7–100.0%) of patients were current or ex-smokers, except in Texas where 54.0%
had never smoked. EHR recorded prescription of pharmacological intervention for smoking cessation was rare, with
approximately half the number of current smokers across all sites having received intervention, the lowest being in in
New York (7.7%) which has the highest proportion of current smokers (71.5%). The distribution of baseline character-
istics for patients who provided supplementary PRIO data is presented in Supplementary Table 5.

Clinical Characteristics
Overall, 34.7% to 42.2% of patients experienced an exacerbation in the previous year (Table 2). Colorado had the fewest
number of exacerbations with the highest proportion of no exacerbation (65.3%) and the smallest proportion of 3+ exacer-
bations (1.5%). Patients from Colorado also experienced the lowest average number of exacerbations (mean [SD] = 0.5 [0.7])
while New York and Ohio experienced the highest (mean [SD] = 0.9 [1.6] and 0.9 [1.5] respectively).
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Table 1 Demographic Characteristics of COPD Patients in the APEX COPD Registry

Demographic Characteristics Texas n=811 Ohio n=8722 Colorado n=472 New York
n=1149

N. Carolina
n=6038

Sex

Female 446 (55.0) 5037 (57.8) 256 (54.2) 658 (57.3) 3292 (54.5)

Age (years)

Mean (SD) 69.6 (11.8) 65.8 (10.9) 69.8 (12.9) 61.6 (10.8) 70.2 (10.8)

35–44 28 (3.5) 170 (1.9) 19 (4.0) 66 (5.7) 93 (1.5)

45–54 56 (6.9) 993 (11.4) 32 (6.8) 216 (18.8) 349 (5.8)

55–64 154 (19.0) 3110 (35.7) 108 (22.9) 448 (38.6) 1367 (22.6)

65–74 294 (36.3) 2623 (30.1) 134 (28.4) 283 (24.6) 2066 (34.2)

75–84 203 (25.0) 1277 (14.6) 116 (24.6) 112 (9.7) 1599 (26.5)

85+ 76 (9.4) 549 (6.3) 63 (13.3) 29 (2.5) 564 (9.3)

Body mass index

N known 809 (99.8) 8593 (98.5) 471 (99.8) 1119 (97.4) 5857 (97.0)

Mean (SD) 29.4 (7.6) 29.6 (11.4) 27.9 (7.2) 29.8 (10.0) 28.3 (11.7)

Under weight (<18.5) 31 (3.8) 438 (5.1) 27 (5.3) 42 (3.8) 275 (4.7)

Normal (18.5 - <25) 205 (25.3) 2209 (25.7) 149 (31.6) 263 (23.5) 1582 (27.0)

Overweight (25 - <30) 244 (30.2) 2251 (26.2) 131 (27.8) 288 (25.7) 1756 (30.0)

Obese (≥30) 329 (40.7) 3695 (43.0) 164 (34.8) 526 (47.0) 2244 (38.3)

Race and ethnicitya

N known 725 (89.4) 8617 (98.8) 365 (77.3) 912 (79.4) 4606 (76.3)

Caucasian 355 (49.0) 5075 (58.9) 346 (94.8) 101 (11.1) 3855 (83.7)

African American 25 (3.4) 2746 (31.9) 0 (0.0) 476 (52.2) 366 (7.9)

Hispanic 333 (45.9) 704 (8.2) 16 (4.4) 329 (36.1) 362 (7.9)

Asian 9 (1.2) 63 (0.7) 2 (0.5) 0 (0.0) 9 (0.2)

American Indian 2 (0.3) 25 (0.3) 0 (0.0) 5 (0.5) 14 (0.3)

Native Hawaiian 1 (0.1) 4 (0.0) 1 (0.3) 1 (0.1) 0 (0.0)

Multi-race 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Smoking status

N known 637 (78.5) 8359 (95.8) 405 (85.8) 952 (82.9) 5816 (96.3)

Current smokers 187 (29.4) 3893 (46.6) 135 (33.3) 681 (71.5) 2039 (35.1)

Ex-smokers 106 (16.6) 3732 (44.6) 204 (50.4) 271 (28.5) 3101 (53.3)

Non-smokers 344 (54.0) 734 (8.8) 66 (16.3) 0 (0) 676 (11.6)

Pharmacological intervention use 99 (12.2) 2007 (23.0) 91 (19.3) 88 (7.7) 824 (13.6)

Notes: Numbers are presented as n (%) unless stated. aRace and ethnicity are not mutually exclusive.
Abbreviation: SD, standard deviation.
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Steady-state (no exacerbation in the 2 weeks pre- and post-measurement) total eosinophil count varied across the
sites. Patients from Ohio had the lowest mean steady-state total eosinophil count (mean [SD] = 196.6 [181.8]) while
North Carolina had a much higher total eosinophil count (mean [SD] = 244.4 [400.6]). (Table 2). The proportion of
patients with >300 cells/µL total eosinophil count, the cut-off for the greatest benefit for ICS treatment, was highest in
Texas (23.1%) followed by North Carolina (21.9%). Results for exacerbations and total eosinophil count in patients who
provided supplementary PRIO data are presented in Supplementary Table 6.

Co-Morbidities
Co-morbidities were common across all sites (Table 3). Hypertension was the most common co-morbidity at all sites
(75.0–87.9%), except in Colorado where depression was more common (86.9%). A much higher rate of asthma (61.6%)
and heart failure (72.3%) were observed in New York compared to the other sites (<41% and <26% respectively). In
contrast, obstructive sleep apnea was much less common in New York (7.8%) than in other sites (>27%). Pneumonia in
the last 24 months was observed in 11.6–16.9% of patients within Texas, Ohio, and Colorado. Almost none (1.5%) in
North Carolina and none in New York had recorded pneumonia. The prevalence of co-morbidities in patients who
provided supplementary PRIO data is presented in Supplementary Table 7.

Table 2 Disease Monitoring Characteristics of COPD Patient from the APEX COPD Registry

Variable Texas N=811 Ohio N=8722 Colorado N=472 New York N=1149 N. Carolina N=6038

Number of exacerbations in the past 12 months

Mean (SD) 0.6 (0.8) 0.9 (1.5) 0.5 (0.7) 0.9 (1.6) 0.8 (1.3)

0 473 (58.3) 5044 (57.8) 308 (65.3) 670 (58.3) 4118 (68.2)

1 245 (30.2) 2089 (24.0) 139 (29.4) 266 (23.2) 1088 (18.0)

2 71 (8.8) 818 (9.4) 18 (3.8) 91 (7.9) 445 (7.4)

3+ 22 (2.7) 771 (8.8) 7 (1.5) 122 (10.6) 387 (6.4)

Number of exacerbations in the past 24 months

Mean (SD) 0.9 (1.0) 1.4 (2.1) 0.8 (1.0) 1.4 (2.1) 1.2 (1.9)

0 280 (34.5) 3249 (37.3) 189 (40.0) 465 (40.5) 3135 (51.9)

1 272 (33.5) 2076 (23.8) 162 (34.3) 309 (26.9) 1279 (21.2)

2 139 (17.1) 1173 (13.4) 86 (18.2) 151 (13.1) 607 (10.1)

3+ 120 (14.8) 2224 (25.5) 35 (7.4) 224 (19.5) 1017 (16.8)

Steady state total eosinophil count (cells/uL)a

N known 445 (54.9) 5459 (62.6) 223 (47.2) 642 (55.9) 2113 (35.0)

Mean (SD) 226.7 (168.1) 196.6 (181.8) 231.7 (186.2) 203.3 (239.0) 244.4 (400.6)

<150 165 (37.1) 2718 (49.8) 89 (39.9) 334 (52.0) 756 (35.8)

150–300 177 (39.8) 1743 (31.9) 91 (40.8) 197 (30.7) 894 (42.3)

>300 103 (23.1) 998 (18.3) 43 (19.3) 111 (17.3) 463 (21.9)

Notes: Numbers are presented as n (%) unless stated; aSteady-state – No exacerbation in 2 weeks prior/post measurement.
Abbreviation: SD, standard deviation.
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Treatment
Only a small proportion of patients (<9%) were not on any therapy for COPD except in Colorado (28.4%) (Table 4). A minority
(4.9–14.9%) were given only short-acting bronchodilator therapy across all 5 sites. Among controller therapies given, with or
without short-acting bronchodilator inhalers, inhaled corticosteroid (ICS) with long-acting beta-agonist (LABA) was the most
common treatment combination (26.1–45.6%), except in Ohio where triple therapy with ICS, LABA, and Long-acting
muscarinic antagonist (LAMA) was more common (32.9%). Triple therapy was given in roughly 1 in 5 patients at other sites
except in Colorado with only 4.7% of patients receiving triple therapy. Prescribing of ICS monotherapy was most common in
Colorado (12.9%) but was much less common at other sites (1.4–5.7%). Vaccination rates were similar across all sites with 19.3–
34.7% and 56.8–78.0% of patients having received influenza vaccine within the past 12 months and pneumococcal vaccines
within the past 10 years respectively. Vaccination data were not available from theNewYork site. Treatment and vaccination data
for patients who provided supplementary PRIO data are presented in Supplementary Table 8.

Patient-Reported Information/Outcomes (PRIO)
Among the 1354 patients who provided additional PRIO data, the majority (68–74%) reported a CAT score of 10–30.
(Table 5). Texas had the highest proportion of patients who reported Grade 0 or 1 mMRC-rated breathlessness (66.2%)

Table 3 Differential Diagnosis and Comorbidities of COPD Patients from the APEX COPD Registry

Comorbidities, n(%) Texas N=811 Ohio N=8722 Colorado N=472 New York N=1149 N. Carolina N=6038

Hypertension 666 (82.1) 6786 (77.8) 354 (75.0) 1010 (87.9) 3672 (60.8)

Diabetes mellitus 529 (65.2) 4748 (54.4) 137 (29.0) 461 (40.1) 1849 (30.6)

Depression 471 (58.1) 4211 (48.3) 410 (86.9) 618 (53.8) 1530 (25.3)

Osteoarthritis 327 (40.3) 4546 (52.1) 161 (34.1) 688 (59.9) 1376 (22.8)

GERD 281 (34.6) 4244 (48.7) 179 (37.9) 486 (42.3) 1568 (26.0)

OSA 239 (29.5) 4116 (47.2) 163 (34.5) 90 (7.8) 1687 (27.9)

Rhinitis 434 (53.5) 3393 (38.9) 181 (38.3) 406 (35.3) 1413 (23.4)

Asthma 325 (40.1) 3387 (38.8) 128 (27.1) 708 (61.6) 1165 (19.3)

Anxiety 307 (37.9) 3355 (38.5) 163 (34.5) 337 (29.3) 1241 (20.6)

Anemia 294 (36.3) 3370 (38.6) 117 (24.8) 233 (20.3) 1256 (20.8)

Osteoporosis 626 (77.2) 2598 (29.8) 130 (27.5) 222 (19.3) 1181 (19.6)

Heart failure 202 (25.0) 2215 (25.4) 81 (17.2) 831 (72.3) 1056 (17.4)

Eczema 132 (16.3) 2602 (29.8) 105 (22.2) 303 (26.4) 1006 (16.7)

Hypoxemia 77 (9.5) 2452 (28.1) 146 (30.9) 24 (2.1) 870 (14.4)

Acute rhinosinusitis 320 (39.5) 1731 (19.8) 161 (34.1) 435 (37.9) 942 (14.5)

Chronic rhinosinusitis 83 (11.6) 1477 (16.9) 78 (16.5) 0 (0.0) 91 (1.5)

Pneumonia (within 24 months) 94 (11.6) 1477 (16.9) 78 (16.5) 0 (0) 91 (1.5)

Lung cancer (over 3 years previous) 28 (3.5) 887 (10.2) 16 (3.4) 16 (1.4) 410 (6.8)

Stroke 64 (7.9) 602 (6.9) 32 (6.8) 25 (2.2) 229 (3.8)

Metabolic syndrome 30 (3.7) 82 (0.9) 91 (19.3) 1 (0.1) 45 (0.7)

Nasal polyps 6 (0.7) 104 (1.2) 1 (0.2) 4 (0.3) 25 (0.4)

Note: Numbers are presented as n (%).
Abbreviations: GERD, gastroesophageal reflux disease; OSA, obstructive sleep apnea.
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and patients who were categorized as GOLD group A (21.0%). New York reported the highest proportion of mMRC at
>2 (54.6%); however, Colorado reported the highest proportion of patients at the highest level 4 (11.9%).

In Ohio and Colorado, 57% of the patients reported no exacerbation in the past 12 months. In contrast, >60% of
patients from the Texas site reported having at least one exacerbation in the previous year. Texas also had the highest
proportion of patients reporting 3 or more exacerbations (25.4%), compared to the lowest in New York (14.1%). Most
patients reported not being hospitalized in the past 12 months (78.5–88.5%) despite more than 10% of patients in Ohio
reported having had 3 or more hospitalizations.

Discussion
Summary of Findings
This study demonstrates the extent of the inter-site heterogeneity in both the demographic, clinical, and treatment
characteristics, as well as patient-reported outcomes of COPD in patients with COPD managed in different healthcare
organizations across 5 states in the US The study also provides an up-to-date refresh of COPD population demographics
and clinical characteristics in varying situations within US primary care at a specific cross-sectional point, which can be
utilized by future studies.

Slight variations in age and BMI were observed across the states, however, a wider variation was observed in patient
ethnicity. Ethnicity has been suggested to play a role in the development and severity of COPD,26 and may also impact
access and quality of healthcare.3 Data on the distribution of demographic characteristics may be useful for tailoring
health policies according to the needs of individual sites.

Tobacco smoking remains a top risk factor for COPD and its co-morbidities.27 Smoking cessation is a key interven-
tion for the improvement of COPD and the GOLD recommendations strongly support treatment of tobacco dependence.1

Counselling and pharmacological intervention are effective in helping patients to cease smoking.28–31 The low uptake of
documented prescription pharmacological intervention to assist smoking cessation across all sites suggests a care gap that

Table 4 Treatment Patterns of COPD Patients in the Last 24 Months from the APEX COPD Registry

Category, n (%) Texas N=811 Ohio N=8722 Colorado N=417 New York N=1149 N. Carolina N=6038

Inhaled therapy

None given 67 (8.3) 195 (2.2) 134 (28.4) 123 (10.7) 46 (0.8)

Reliever only 55 (6.8) 778 (8.9) 67 (14.2) 56 (4.9) 631 (10.5)

Controller therapy (with or without reliever/add on)

LABAa 2 (0.2) 24 (0.3) 2 (0.4) 0 (0) 18 (0.3)

LAMAa 100 (12.3) 1055 (12.1) 37 (7.8) 137 (11.9) 798 (13.2)

LABA + LAMAa 64 (7.9) 987 (11.3) 25 (5.3) 158 (13.8) 1031 (17.1)

ICSa 11 (1.4) 365 (4.2) 61 (12.9) 65 (5.8) 254 (4.2)

ICS + LABAa 370 (45.6) 2404 (27.6) 123 (26.1) 353 (30.8) 1872 (31.0)

ICS + LAMAa 1 (0.1) 44 (0.5) 1 (0.2) 6 (0.5) 14 (0.2)

ICS + LABA + LAMAa 141 (17.4) 2870 (32.9) 22 (4.7) 251 (21.8) 1374 (22.8)

Vaccination over the past 12 monthsb

Influenza vaccination 212 (26.1) 1905 (21.8) 91 (19.3) NA 2093 (34.7)

Pneumococcal vaccination 603 (73.4) 5304 (60.8) 368 (78.0) NA 3427 (56.8)

Notes: Numbers are presented as n (%). a± SABA and/or SAMA; bFlu vaccination within last 12 months, pneumococcal within 10 years.
Abbreviations: ICS, inhaled corticosteroids; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting beta-agonist; SAMA, short-acting
muscarinic antagonist.
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Table 5 Additional Patient Reported Information/Outcome Data from the APEX COPD Registry

Variable Texas
(N=63)

Ohio
(N=565)

Colorado
(N=62)

New York
(N=79)

N. Carolina
(N=585)

COPD Assessment Test (CAT)

N known 62 (96.8) 552 (97.7) 61 (98.4) 74 (93.7) 573 (97.9)

<10 (low) 16 (25.8) 79 (14.3) 12 (19.7) 17 (23.0) 114 (19.9)

10–20 (Medium) 27 (43.5) 212 (38.4) 21 (34.4) 26 (35.1) 218 (38.0)

21–30 (High) 15 (24.2) 194 (35.2) 21 (34.4) 26 (35.1) 198 (34.4)

>30 (Very high) 4 (6.5) 67 (12.1) 4 (11.5) 5 (6.8) 44 (7.7)

Modified Medical Research Council Dyspnea Scale (mMRC)

N known 62 (98.4) 549 (97.2) 59 (95.2) 77 (97.5) 568 (97.1)

Grade 0 21 (33.9) 89 (16.2) 9 (15.2) 17 (22.0) 122 (21.5)

Grade 1 20 (32.3) 195 (35.5) 21 (35.6) 18 (23.4) 215 (37.8)

Grade 2 9 (14.5) 154 (28.1) 8 (13.6) 15 (19.5) 139 (24.5)

Grade 3 7 (11.3) 80 (14.6) 14 (23.7) 20 (26.0) 74 (13.0)

Grade 4 5 (8.1) 31 (5.6) 7 (11.9) 7 (9.1) 18 (3.2)

GOLD Characteristics

N known 62 (98.4) 502 (88.8) 58 (93.5) 73 (92.4) 541 (92.5)

GOLD A (Less symptoms, Low risk) 13 (21.0) 55 (11.0) 10 (17.2) 15 (20.5) 85 (15.7)

GOLD B (More symptoms, Low risk) 25 (40.3) 248 (49.4) 28 (48.3) 31 (42.5) 254 (47.0)

GOLD C (Less symptoms, High risk) 3 (4.8) 11 (2.2) 1 (1.7) 2 (2.8) 20 (3.7)

GOLD D (More symptoms, High risk) 21 (33.9) 188 (37.4) 19 (32.8) 25 (34.2) 182 (33.6)

Patient-reported exacerbations in the past 12 months

N known 63 (100) 515 (91.2) 60 (96.8) 78 (98.7) 578 (98.8)

0 25 (39.7) 293 (56.9) 34 (56.7) 38 (48.7) 258 (44.6)

1 13 (20.6) 53 (10.3) 9 (15.0) 17 (21.8) 149 (25.8)

2 9 (14.3) 45 (8.7) 7 (11.7) 12 (15.4) 66 (11.4)

3+ 16 (25.4) 124 (24.1) 10 (16.6) 11 (14.1) 105 (18.2)

Patient-reported hospitalizations in the past 12 months n (%)

N known 61 (96.8) 516 (91.3) 56 (90.3) 76 (96.2) 537 (91.8)

0 54 (88.5) 405 (78.5) 47 (83.9) 60 (78.9) 434 (80.8)

1 2 (3.3) 42 (8.1) 3 (5.4) 10 (13.2) 66 (12.3)

2 3 (4.9) 16 (3.1) 4 (7.1) 4 (5.3) 18 (3.4)

3+ 2 (3.3) 53 (10.3) 2 (3.6) 2 (2.6) 19 (3.5)

(Continued)
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could be readily addressed. One possible approach is by promoting comprehensive and accessible insurance coverage for
smoking cessation interventions.32 Interestingly, the Texas site recorded low smoking rate which may be due to smoking
data not being entirely present within primary care EHR or stored separately within the system.

Both EHR-recorded and patient-reported exacerbations were collected and analyzed in this study. Regardless of the
inter-site variation, we observed a higher number of patient-reported exacerbations compared to EHR-recorded exacer-
bations across all sites. The difference between EHR-recorded and patient-reported prevalence of exacerbation ranged
from 1% in Ohio up to 24% in North Carolina. This may indicate COPD exacerbations for which the patients did not
seek appointments with primary care, either self-managing or attending urgent care or other sites outside of the usual
EHR system, and was thus unrecorded. Underreporting of COPD exacerbations has been observed in previous studies
and is likely to be common.33,34 Since the frequency of exacerbations is important in determining appropriate pharma-
cotherapy, support for enhanced patient interactions with their primary care site appears to be important. Tools such as
COPD Action Plans may facilitate better interactions for COPD exacerbation identification and management.35

Blood eosinophil levels are associated with a patient’s response to ICS therapy.1 In this study, the steady state total
eosinophil counts varied by site. However, only half or fewer of the patients at each site had eosinophil count data. In
addition, the current observation does not suggest any clear pattern between eosinophil count and ICS prescription, either
as monotherapy or in combination, across the locations. This may indicate an opportunity for improved treatment
selection based on appropriate biomarkers, specifically on recommendations for eosinophil measurement to direct
treatment decisions.

Variation in the maintenance therapy prescribing patterns was present and might indicate differential uptake of the
GOLD recommendation. Colorado had the highest proportion without maintenance treatment and also the lowest rates of
EHR-derived and patient-reported exacerbations relative to the other sites. This may suggest that individuals in Colorado
are being diagnosed at an early stage of COPD. This warrants further investigation as diagnosis of COPD is often
delayed across the US.34

Influenza and pneumococcal vaccination are recommended for all patients with COPD.1 The varying and suboptimal
uptake of vaccination may represent another opportunity for optimization of patient management.

Strengths and Limitations
This study was conducted from a registry of 17,000 primary care patients in the US across 5 healthcare organizations that
collected a predefined set of data with an analysis protocol. Standardization of data collected across the sites also
facilitated unbiased comparison. The study’s list of variables was selected through voting by a panel of experts, ensuring
that clinically relevant variables are extracted and compared. Data within the registry was also enhanced with PRIO data
from over 1000 patients, providing additional insight into the burden of COPD on patients’ lives beyond that reported in
EHR data.

Table 5 (Continued).

Variable Texas
(N=63)

Ohio
(N=565)

Colorado
(N=62)

New York
(N=79)

N. Carolina
(N=585)

Smoking status

N known 63 (100) 553 (97.9) 61 (98.4) 77 (97.5) 573 (97.9)

Smokers 14 (22.2) 208 (37.6) 18 (29.5) 48 (62.3) 126 (22.0)

Ex-smokers 28 (44.5) 288 (52.1) 33 (54.1) 25 (32.5) 377 (65.8)

Non-smokers 21 (33.3) 57 (10.3) 10 (16.4) 4 (5.2) 70 (12.2)

Note: Numbers are presented as n (%).
Abbreviation: GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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There are several limitations to the current study. The data in this study was originally stored for routine patient care
instead of research purposes. Consequently, there is missing and incomplete data within the registry; in particular,
vaccination data are not stored on-site in New York but are instead stored within a statewide database which was not
accessible by the APEX team. Therefore, vaccination within New York could not be included in the current study.

Due to the nature of the study, the COPD status of patients within the registry are not directly confirmed. COPD diagnosis
code was used as selection criteria instead of confirmation by spirometry. This was decided as spirometry is often not
completed during diagnosis, or poorly recorded in primary care EHR.36 Therefore, no COPD-confirming result, ie FEV1/
FVC ratio of >70%, was required. Additionally, due to the lack of consensus in asthma/COPD definition, lack of accuracy in
diagnosis within EHR especially in the absence of confirmatory spirometry, and the ambition to gather the most representable
COPD population for observation, patients with asthma-COPD overlap were included. Patients were excluded however if
they were classified as an active asthma patient (visit with an asthma code within the previous 2 years).

The current study is also limited to providing descriptive analyses of the variation across healthcare systems based on all
available patient EHR. Follow-up data collection and analyses would need to be conducted to generate a more solid
conclusion on the reasons behind these differences between healthcare systems and their impact on COPD patient outcomes.

The difference of treatment pattern in this study also do not take into account the differences in patient characteristics
within each site. Deeper analyses into the differences in appropriateness of COPD therapy relative to the GOLD
recommendation across the sites are also warranted.

Conclusion
This study shows the heterogeneity in the demographic and clinical characteristics and treatment of patients
diagnosed with COPD who are managed in primary care in the US These differences could stem from both real inter-
location differences in the patient and disease characteristics, but may also be due to differences in uptake of
guideline recommendations. Data from this study is hoped to facilitate further investigations of the differences to
enable improvement and standardization of the quality of care in primary care for patients with COPD across the US.

Abbreviations
AATD, Alpha-1 anti-trypsin deficiency; APEX, advancing the patient experience; CAT, COPD Assessment Test; COPD,
chronic obstructive pulmonary disease; EHR, electronic health record; GOLD: Global Initiative for Chronic Obstructive
Lung Disease; GERD, gastroesophageal reflux disease; ICS, inhaled corticosteroids; LABA, long-acting beta-agonist;
LAMA, long-acting muscarinic antagonist; LRTI, lower respiratory tract infection; MMRC, Modified Medical Research
Council; OSA, obstructive sleep apnoea; OCS, oral corticosteroid; PRIO, patient reported information/outcomes; SABA,
short-acting beta-agonist; SAMA, short-acting muscarinic antagonist; SD, standard deviation.
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