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Background: The 2023 Global Initiative for Chronic Obstructive Lung Disease (GOLD) update reclassified patients with chronic 
obstructive pulmonary disease (COPD) into group E based solely on exacerbation history, regardless of symptom burden. However, 
there are limited real-world descriptions of these patients at high risk of future exacerbation. This study therefore characterized patients 
in GOLD E, including subgroups based on blood eosinophil count (BEC), triple inhaler therapy use, and smoking status.
Methods: Retrospective analysis of administrative claims and electronic health records obtained from Optum’s Market Clarity Dataset 
between 2016 and 2021. Adults aged 40–80 years with COPD and continuous enrollment were observed for three years. Year 1 (baseline) 
included the earliest evidence of COPD. GOLD E status was defined as ≥ 2 moderate or ≥ 1 severe exacerbation during baseline.
Results: Of 145,341 patients with COPD, 38,648 (26.6%) met GOLD E criteria. Patients in GOLD E had a higher prevalence of 
comorbidities (including cardiovascular-related conditions), elevated BEC (≥ 300 cells/μL), triple inhaler use, and former smoking 
status, compared with non-GOLD E. Approximately 58.2% of patients in GOLD E had evidence of a BEC test. Despite treatment 
recommendations, only 14.2% of patients in GOLD E with elevated BEC used triple inhalers. Notably, 34.8% of GOLD E had no 
evidence of any maintenance medication use. Of those with known smoking status (65.6%), current smokers had fewer severe 
exacerbations than never or former smokers. However, current smokers were 4.5–5.5 years younger, had lower prevalences of obesity 
and cardiovascular comorbidities, and the highest use of rescue medications—factors that help explain this unexpected result.
Conclusion: Many patients in the United States with COPD in GOLD E were not treated according to recommendations, and BEC 
testing remains underutilized. Exacerbation rates were high, even among never or former smokers with COPD.

Plain Language Summary: Among all patients with COPD, those in Group E of the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) classification system experience the most frequent exacerbations. Patients in GOLD E also face the highest risk of future 
exacerbations. These events are associated with increased mortality, patient burden, and health care costs. However, there remains a lack 
of research on the demographic, clinical, and treatment characteristics of this high-risk group. Accordingly, this retrospective study used 
12 months of insurance claims data to help payers and clinicians better understand these patients and their unmet needs. 

Results showed that 38,648 patients in GOLD E had a higher prevalence of comorbidities (eg, asthma, cardiovascular disease, 
hypertension), and elevated blood eosinophil count (BEC ≥ 300 cells/μL), compared to 106,693 patients with COPD but not in GOLD 
E. The proportion of current smokers was similar between GOLD E and non-GOLD E. 

Importantly, many patients in GOLD E were not treated according to recommendations. For example, 34.8% of GOLD E had no 
evidence of any maintenance medication, and only 14.2% with BEC ≥ 300 cells/μL used the recommended triple inhaler therapy. 

Because both moderate and severe exacerbations are associated with increased risk of disease progression, economic burden, and 
mortality, they should be addressed early—even among never or former smokers. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is one of the world’s most common chronic respiratory diseases, 
affecting approximately 10.3% of adults worldwide.1 Prevalent in approximately 6.0% of adult Americans, COPD is 
the fifth leading cause of death in the US.2–5 Exacerbations of COPD—characterized by acute worsening of symptoms 
that require specific treatments—are central to adverse health outcomes and result in lung function decline.6–11 Over 40% 
of American adults with COPD experience an exacerbation in a given year,12 despite the documented benefits of inhaler 
therapy.13 Exacerbations have important consequences: patients with at least one exacerbation are at significantly greater 
risk of death compared with no exacerbation, while the risk of cardiovascular events increased fourfold after any 
exacerbation that required hospitalization.9,10 Importantly, exacerbation history predicts the risk of future exacerbations.9

Exacerbations of COPD also impose a substantial health care burden, accounting for as much as 70% of COPD- 
related costs.14 For example, Mayen Herrera et al reported that annual direct costs in the US rose from $1425 among 
patients with no exacerbations to $12,765 among patients with at least two exacerbations15 Exacerbation costs vary 
widely depending on the severity of the event: Bogart et al reported that the mean (SD) cost of a severe exacerbation 
(involving hospitalization or death) was $22,729 ($26,663; 2017 USD), while moderate exacerbations (treated with 
medication only) averaged $2107 ($4865).16 In addition, Nordon et al determined that patients with at least one severe 
exacerbation incurred an average of 460% higher COPD-related costs than those with moderate exacerbations only17 

Although moderate exacerbations may be less burdensome, they are nevertheless associated with increased risk of future 
hospitalization and mortality, especially when treated with higher oral corticosteroid (CS) doses.18

Given the impact of exacerbations, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) updated its 2023 
patient classification schema from ABCD to ABE.19 The update created a high-risk group (Group E) based exclusively on 
exacerbation history, where even frequent moderate exacerbations are predictive of both future exacerbations and 
mortality.18,20,21 Specifically, GOLD E includes patients with at least two moderate or one severe exacerbation in the 
preceding year.19 Up to 47.0% of patients with COPD are in GOLD E,22 and US patients who progressed from GOLD A/B 
to GOLD E incurred more than double the mean COPD-related annual health care costs (from $4350 to $9880).23 Although 
the rate of exacerbations has declined among participants in clinical trials with strict eligibility criteria,24 there is a dearth of 
real-world data on the characteristics of patients classified as GOLD E.

Among those in GOLD E, three additional factors may further distinguish patient treatment strategies and outcomes. First, 
elevated blood eosinophil count (BEC [≥ 300 cells/μL]) is associated with higher exacerbation risk.25 Characteristic of type 2 
inflammation, elevated BEC shows better responsiveness to anti-inflammatory therapy, including inhaled corticosteroid (ICS) 
treatment and biologics.25–27 Second, triple inhaler use (combination of ICS, long-acting beta-2 agonists [LABA], and long- 
acting muscarinic antagonists [LAMA]) may be used differentially based on BEC.8 Finally, smoking status is a modifiable risk 
factor that is associated with exacerbation risk, disease progression, and COPD-related costs.28–31

The primary objective of this study was to comprehensively describe the demographic and clinical characteristics, 
medication use, BEC levels, smoking status, and disease burden among patients in the United States (US) who meet 
GOLD E criteria. Among those in GOLD E, we further aimed to describe subgroups based on BEC levels, triple inhaler 
use, and smoking status. Although prior analyses examined COPD populations using real-world data,32 our study extends 
this work by specifically characterizing patients in the recently defined GOLD E category. Exploring the heterogeneity of 
these patients and the intersection of exacerbation history, BEC testing patterns, and treatment utilization may support 
individualized clinical approaches to disease management.

Materials and Methods
Data Source and Study Time Periods
This retrospective study used Optum’s Market Clarity Dataset to identify patients with COPD between January 1, 2016, 
and December 31, 2021. The Market Clarity Dataset is a de-identified resource that deterministically links administrative 
claims with electronic health record (EHR) information. The dataset is compliant with the Health Insurance Portability 
and Accountability Act and includes patients who received medical and pharmacy benefits under commercial, Medicaid, 
Medicare/Medicare Advantage, and other programs.
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Medical claims information includes diagnosis and procedure codes from the International Classification of Diseases, 
10th Revision, Clinical Modification (ICD-10-CM); Current Procedural Terminology (CPT) or Healthcare Common 
Procedure Coding System (HCPCS) codes; laboratory test codes; service site code; and other information. Pharmacy 
claims information includes drug name, National Drug Code (NDC), dosage, dosage form, and fill date. A patient’s EHR 
information includes both structured and unstructured fields like smoking status, laboratory test results, and provider notes.

Each patient was assessed during a period of three consecutive calendar years beginning on January 1st of a given year 
(eg, January 1, 2017) Baseline was the first year of the observation period (eg, 2017), while follow-up included years two 
and three (eg, 2018–2019) Among patients eligible for more than one three-year observation period, the baseline year 
was randomly selected to reduce the potential bias of assessing patients during a particular time period of disease or the 
COVID-19 pandemic. Study time periods are depicted in Supplemental file 1.

Study Population
The study population comprised adults with at least two medical claims with ICD-10-CM codes for COPD, in any 
position, at least 30 days apart during the three-year observation period. Claims for COPD were required to be non- 
diagnostic, which are claims that are not affiliated with corresponding testing or procedures that establish a diagnosis (eg, 
imaging or laboratory tests). Patients aged 40–80 years were included, as COPD is uncommon below age 40 and is 
frequently accompanied by frailty and severe comorbidities over age 80.33,34 Additional eligibility criteria included 
survival during baseline; at least three years of continuous enrollment with medical and pharmacy benefits (unless death 
occurred during follow-up, in which case only baseline continuous enrollment was required); evidence of clinical activity 
in the EHR during both baseline and follow-up (unless death occurred, in which case no clinical activity was required in 
the year of death); and at least two non-diagnostic medical claims of COPD during baseline and one during follow-up 
(unless death occurred, in which case no COPD claim was required in the year of death).

Patients were excluded if they died during the 12-month baseline period. Additional exclusion criteria were missing 
demographic information or at least one non-diagnostic claim with an ICD-10-CM diagnosis code for cystic fibrosis, alpha-1 
antitrypsin deficiency, sarcoidosis, or eosinophilic granulomatosis with polyangiitis during the three-year observation period.

Variable Definitions and Outcome Measurements
Baseline demographic characteristics included baseline year; age; sex; race/ethnicity; insurance type; and geographic 
region. Baseline clinical characteristics included the Charlson Comorbidity Index (CCI) score35 and the presence of 
COPD-related comorbidities (defined by at least one non-diagnostic medical claim for anemia, asthma, bronchiectasis, 
coronary artery disease, diabetes mellitus [all types], gastroesophageal reflux disease, heart failure, hypertension, 
interstitial lung disease, lung cancer, metabolic syndrome [apart from diabetes], myocardial infarction, obesity [body 
mass index ≥ 30 kg/m2], osteoporosis, psychological disturbances [depression/anxiety], pulmonary hypertension, skeletal 
muscle dysfunction, and sleep disorders).

According to recommendations, a patient was classified as GOLD E if there was evidence of at least two moderate or 
one severe exacerbation during the baseline year.19 Patients not meeting the exacerbation criteria were classified as non- 
GOLD E. Similar to Nordon et al,36 a severe COPD exacerbation was defined by overnight hospitalization with an ICD- 
10-CM diagnosis code for COPD in the primary position.

A moderate COPD exacerbation was also defined similar to prior literature36 as

1. an emergency room visit with an ICD-10-CM diagnosis code for COPD in the primary position, or
2. an ambulatory visit with an ICD-10-CM diagnosis code for COPD in the primary position, plus any of

a. a pharmacy claim for three to 14 days of supply of a systemic corticosteroid (SCS) and/or antibiotic within ± 
five days of the visit;

b. a CPT/HCPCS code for SCS and/or antibiotic administered on the same claim as the visit; or
c. a medical claim with CPT/HCPCS code for SCS and/or antibiotic administered, plus an ICD-10-CM diagnosis 

code of J44 (plus all codes under the parent code of J44) in any position within ± five days of the visit.
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Baseline BEC was defined as the highest available value among all valid results contained in claims or EHR data during 
the observation year. Smoking status was ascertained from EHRs during baseline; the most recent entry was categorized 
as current/former/never.

Maintenance and rescue medication use during baseline was assessed at the class level using NDCs from pharmacy 
claims. Maintenance medications included ICS, LABA, combination ICS/LABA (fixed dose), LAMA, combination 
LAMA/LABA (fixed dose), combination ICS/LABA/LAMA (fixed dose), methylxanthines, methylxanthine combina
tions (guaifenesin/dyphylline, guaifenesin/theophylline), mast cell stabilizers, anti-immunoglobulin E agents, leuko
triene-receptor antagonists, phosphodiesterase-4 enzyme inhibitors, dual interleukin-4/interleukin-13 receptor 
antagonists, and interleukin-5 inhibitors. Rescue medications included short-acting beta-agonists (SABA), short-acting 
antimuscarinic agents (SAMA), and SABA/SAMA fixed-dose combinations. Oral CS and antibiotic use were captured 
from pharmacy claims, while injected CS and antibiotic use were assessed using NDCs from pharmacy claims or any 
combination of NDC/CPT/HCPCS codes from medical claims.

Data Analysis
All analyses were descriptive in nature; formal hypotheses were neither proposed nor tested. Descriptive statistics of the 
baseline period included mean (SD) or median (IQR) for continuous variables and count (proportion) for categorical 
variables. All variables and outcomes were analyzed using SAS 9.4 (Cary, NC).

Ethics Approval
Institutional review board approval or waiver of approval was not required for this study because the study data were 
secondary and de-identified in accordance with the United States Department of Health and Human Services Privacy 
Rule’s requirements for de-identification codified at 45 C.F.R. § 164.514(b).

Results
In a total of 145,341 patients, 38,648 (26.6%) were classified as GOLD E (Figure 1). Table 1 includes the baseline 
demographic and clinical characteristics of the study population, stratified by GOLD E status.

The baseline exacerbation history of patients in GOLD E included 35.3% with two or more moderate exacerbations 
only (no severe), 47.4% with one severe exacerbation (with or without moderate), and 17.2% with two or more severe 
exacerbations (with or without moderate, Table 1). Meanwhile, 23.8% of patients in non–GOLD E had one moderate 
exacerbation during baseline.

A BEC lab test result was also more common among patients in GOLD E (58.2%) than non–GOLD E (46.8%). 
Where available, mean (SD) BEC value was higher among those in GOLD E (325.2 [741.7] vs 275.7 [997.4] cells/μL), 
as was median (IQR) BEC (210.0 [100.0–400.0] vs 200.0 [100.0–300.0] cells/μL) and the proportion of patients with 
elevated BEC (≥ 300 cells/μL): 42.4% vs 35.5%.

Baseline smoking status was known for 65.6% and 64.7% of patients in GOLD E and non–GOLD E, respectively 
(Table 1). Where known, the proportion of current smokers was approximately equal between groups (42.0% vs 42.6%), 
while the proportion of former smokers was higher among GOLD E (48.2% vs 45.9%). Any dual or triple inhaler use 
was more common among those in GOLD E (51.7% vs 36.1%), and this trend was observed for all inhaler types.

Mean CCI score was higher in GOLD E (3.9 [2.6] vs 2.9 [2.2]) in non–GOLD E; COPD-related comorbidities were 
more prevalent in GOLD E (Table 1). Cardiovascular-related conditions were the most common comorbidities and were 
more prevalent among patients in GOLD E, despite being of similar age as non–GOLD E. Specifically, the prevalence of 
heart failure was nearly double among patients in GOLD E (43.8% vs 22.5%), myocardial infarction was nearly triple 
(11.4% vs 4.3%), while hypertension (85.6% vs 78.9%) and coronary artery disease (48.8% vs 36.6%) were also more 
common. Obesity was more prevalent in GOLD E: 41.5% vs 34.9% than non–GOLD E. Additional comorbidities of 
interest were again more prevalent among GOLD E than non–GOLD E, including lung cancer (8.3% vs 5.9%), 
psychological disturbances (59.5% vs 44.7%), asthma (33.3% vs 23.5%), and diabetes of all types (44.2% vs 37.3%).
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Patients in GOLD E with a BEC Lab Test Result During Baseline
Among the 22,508 patients in GOLD E with a BEC lab test result during baseline, 5704 (25.3%) had BEC ≤ 100 cells/μL, 
7254 (32.2%) had BEC between 101–299 cells/μL, and 9550 (42.4%) had elevated BEC (≥ 300 cells/μL, Tables 1 and 2). 
Among patients with two or more severe exacerbations, a higher proportion had elevated BEC, compared with BEC ≤ 100 
cells/μL (Table 2).

Table 2 also includes baseline utilization of COPD-related medications, exacerbation history, and smoking status, 
distinguished by BEC category. Patients with BEC ≤ 100 cells/μL were most likely to be prescribed SCS (81.9%) and 

≥ 2 non-diagnostic medical claims with an ICD-10-CM diagnosis code for COPD, in any 
position, ≥ 30 days apart, between January 1, 2016, and December 31, 2021 

N = 9,401,578a

Aged 40-80 years during year 1 of the observation period (baseline) 
N = 7,721,455

≥ 3 years of continuous enrollment with medical and pharmacy benefits during the 
measurement perioda,b

N = 1,919,760

≥ 2 COPD diagnostic claims during year 1 and ≥ 1 claim during years 2-3b

N = 145,341

GOLD E statusc

n = 38,648
Non-GOLD E status

n = 106,693

577,249 Excluded due to
- Evidence of cystic fibrosis, alpha-1 

antitrypsin deficiency, sarcoidosis, or Churg-
Strauss Syndrome (n = 11,058)

- Missing demographic information (n = 
63,011)

- Patients with claims or EHR data that overlap 
2 separate observation periods (n = 294,248)

- Patients without at least 2 and 1 COPD 
diagnostic claims during baseline and follow-
up, respectively (n = 208,916)

- Patients with medical claims with dates of 
services many months after their death date 
(n= 16)

≥ 1 EHR record during year 1 (baseline) and years 2-3 (follow-up)a,b

N = 722,590

Known year 1 smoking status
n = 25,342

BEC lab result during year 1
n = 22,508

BEC lab result and triple 
inhaler used during year 1

n = 3,384

Figure 1 Patient identification and attrition. aNumber of observations; patients could be included in more than one three-year observation period; bPatients were retained if 
they died during years 2–3 of their respective measurement period; cGOLD E status was defined by ≥ 2 moderate or ≥ 1 severe exacerbation during year 1 of a patient’s 
respective measurement period; dtriple inhaler use was defined by overlapping pharmacy claims (within 30 days of one another) for inhaled corticosteroids, long-acting beta- 
2 agonists, and long-acting muscarinic antagonists. 
Abbreviations: BEC, blood eosinophil count; COPD, chronic obstructive pulmonary disease; EHR, electronic health record; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; ICD-10-CM, International Classification of Disease, Clinical Modification, 10th revision.

Table 1 Baseline Demographic and Clinical Characteristics, by GOLD E Status

Characteristic GOLD Ea 

(n = 38,648)
Non–GOLD E 
(n = 106,693)

Age, mean (SD), years 65.3 (9.3) 65.4 (9.3)

Age category, n (%), years

40–54 5050 (13.1%) 14,249 (13.4%)

55–64 12,882 (33.3%) 34,269 (32.1%)

65–80 20,716 (53.6%) 58,175 (54.5%)

(Continued)
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Table 1 (Continued). 

Characteristic GOLD Ea 

(n = 38,648)
Non–GOLD E 
(n = 106,693)

Female, n (%) 22,617 (58.5%) 58,641 (55.0%)

Race, n (%)

White 29,985 (77.6%) 85,098 (79.8%)

Black/African American 5344 (13.8%) 13,521 (12.7%)

Otherb/unknown 3180 (8.2%) 7574 (7.1%)

Asian 139 (0.4%) 500 (0.5%)

Ethnicity, n (%)

Hispanic 929 (2.4%) 2700 (2.5%)

Non-Hispanic 32,732 (84.7%) 90,634 (84.9%)

Other/unknown ethnicity 4987 (12.9%) 13,359 (12.5%)

Geographic region, n (%)

Northeast 6795 (17.6%) 20,851 (19.5%)

Midwest 19,545 (50.6%) 55,160 (51.7%)

South 10,192 (26.4%) 24,779 (23.2%)

West 2116 (5.5%) 5903 (5.5%)

Baseline year, n (%)

2016 10,625 (27.5%) 28,074 (26.3%)

2017 9744 (25.2%) 25,677 (24.1%)

2018 9268 (24.0%) 26,561 (24.9%)

2019 9011 (23.3%) 26,381 (24.7%)

Insurance type, n (%)

Commercial only 8341 (21.6%) 25,833 (24.2%)

Medicare only 19,756 (51.1%) 51,187 (48.0%)

Medicaid only 6550 (16.9%) 16,877 (15.8%)

Multiple known 4001 (10.4%) 12,796 (12.0%)

CCI score, mean (SD) 3.9 (2.6) 2.9 (2.2)

1–2 12,404 (32.1%) 52,547 (49.3%)

3–4 12,342 (31.9%) 31,567 (29.6%)

5+ 13,902 (36.0%) 22,579 (21.2%)

(Continued)
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Table 1 (Continued). 

Characteristic GOLD Ea 

(n = 38,648)
Non–GOLD E 
(n = 106,693)

COPD-related comorbidities, n (%)

Anemia 16,569 (42.9%) 25,713 (24.1%)

Asthma 12,870 (33.3%) 25,089 (23.5%)

Bronchiectasis 1418 (3.7%) 2056 (1.9%)

Cardiovascular-related conditions, any 34,317 (88.8%) 87,980 (82.5%)

Coronary artery disease 18,844 (48.8%) 38,999 (36.6%)

Heart failure 16,934 (43.8%) 24,009 (22.5%)

Hypertension 33,070 (85.6%) 84,182 (78.9%)

Myocardial infarction 4423 (11.4%) 4579 (4.3%)

Diabetes mellitus 17,071 (44.2%) 39,832 (37.3%)

Gastroesophageal reflux disease 19,676 (50.9%) 43,241 (40.5%)

Interstitial lung disease 5791 (15.0%) 6355 (6.0%)

Lung cancer 3192 (8.3%) 6292 (5.9%)

Metabolic syndrome 325 (0.8%) 868 (0.8%)

Obesity (BMI ≥ 30 kg/m2) 16,030 (41.5%) 37,203 (34.9%)

Osteoporosis 4383 (11.3%) 9458 (8.9%)

Psychological disturbances (anxiety/depression) 22,991 (59.5%) 47,660 (44.7%)

Pulmonary hypertension 6657 (17.2%) 7524 (7.1%)

Skeletal muscle dysfunction 1032 (2.7%) 1491 (1.4%)

Sleep disorder 18,119 (46.9%) 38,783 (36.4%)

COPD exacerbation categories, n (%)

0 exacerbations of any type 0 (0.0%) 81,330 (76.2%)

1 moderate exacerbation only (no severe) 0 (0.0%) 25,363 (23.8%)

≥ 2 moderate exacerbations only (no severe) 13,651 (35.3%) 0 (0.0%)

1 severe exacerbationc 18,337 (47.4%) 0 (0.0%)

≥ 2 severe exacerbationsc 6660 (17.2%) 0 (0.0%)

BEC test, evidence of, n (%) 22,508 (58.2%) 49,943 (46.8%)

Highest BEC valued, cells/μL mean (SD) 325.2 (741.7) 275.7 (997.4)

Highest BEC valued, cells/μL median (IQR) 210.0 (100.0–400.0) 200.0 (100.0–300.0)

≤ 100 cells/μLd 5704 (25.3%) 13,393 (26.8%)

101–299 cells/μLd 7254 (32.2%) 18,833 (37.7%)

≥ 300 cells/μLd 9550 (42.4%) 17,717 (35.5%)

(Continued)
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Table 1 (Continued). 

Characteristic GOLD Ea 

(n = 38,648)
Non–GOLD E 
(n = 106,693)

Known smoking status, n (%) 25,342 (65.6%) 69,043 (64.7%)

Current smokerd 10,655 (42.0%) 29,430 (42.6%)

Former smokerd 12,217 (48.2%) 31,664 (45.9%)

Never smokerd 2470 (9.7%) 7944 (11.5%)

Open or closed, double or triple inhaler therapy usee, evidence of, n (%) 19,986 (51.7%) 38,560 (36.1%)

ICS/LABA 17,598 (45.5%) 32,599 (30.6%)

LABA/LAMA 2895 (7.5%) 6505 (6.1%)

ICS/LABA/LAMA 8347 (21.6%) 11,879 (11.1%)

No evidence of maintenance therapy, f n (%) 13,458 (34.8%) 54,013 (50.6%)

Notes: aGOLD E status was defined by ≥ 2 moderate or ≥ 1 severe exacerbation during year 1 of a patient’s respective observation period; bOther race 
includes Native American or Alaska Native, Native Hawaiian or Pacific Islander, Middle Eastern or North African; cwith or without a moderate exacerbation; 
dif known; einhaler use was defined by overlapping pharmacy claims (within 30 days of one another) for ICS, LAMA, and/or LABA; fmaintenance medications 
were defined by claims-based evidence for the use of ICS, LABA, LAMA, ICS/LABA, LAMA/LABA, ICS/LAMA/LABA, methylxanthines, mast cell stabilizers, 
leukotriene-receptor antagonists, phosphodiesterase-4 enzyme inhibitors, anti-IgE, IL-5 inhibitors, or IL-4 inhibitors. 
Abbreviations: BEC, blood eosinophil count; BMI, body mass index; CBC, complete blood count; CCI, Charlson comorbidity index; COPD, chronic 
obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IL, 
interleukin; LABA, long-acting beta-2 agonists; LAMA, long-acting muscarinic antagonists.

Table 2 Baseline Medication Use, Exacerbation History, and Smoking Status by BEC Among Patients in GOLD E with at 
Least One BEC Lab Test Result

Characteristic BEC ≤ 100 Cells/μL 
(n = 5704)

BEC 101–299 Cells/μL 
(n = 7254)

BEC ≥ 300 Cells/μL 
(n = 9550)

Maintenance medication usea, n (%)

ICS/LABA 1761 (30.9%) 2259 (31.1%) 2857 (29.9%)

LABA/LAMA 310 (5.4%) 389 (5.4%) 549 (5.7%)

ICS/LABA/LAMA 919 (16.1%) 1109 (15.3%) 1356 (14.2%)

Otherb 762 (13.4%) 958 (13.2%) 1330 (13.9%)

None 1952 (34.2%) 2539 (35.0%) 3458 (36.2%)

Rescue medication use, n (%) 4188 (73.4%) 5188 (71.5%) 6823 (71.4%)

Count of all pharmacy fills, mean (SD) 5.4 (7.2) 5.0 (6.8) 5.2 (7.1)

Systemic corticosteroid use, n (%) 4671 (81.9%) 5800 (80.0%) 7392 (77.4%)

Count of all pharmacy fills, mean (SD) 5.3 (6.5) 4.9 (6.2) 5.1 (6.8)

Days of supply, mean (SD) 40.9 (75.6) 33.8 (66.5) 33.7 (64.8)

Guideline-recommended antibiotic usec, n (%) 4496 (78.8%) 5770 (79.5%) 7557 (79.1%)

Count of all pharmacy fills, mean (SD) 3.6 (4.7) 3.6 (4.2) 3.7 (5.3)

(Continued)
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had greater mean days of supply (40.9 [75.6]). These patients also had the highest prevalence of current smoking status 
(36.3%) and evidence of triple inhaler use (16.1%). Characteristics of this subcohort are further described in 
Supplemental file 2.

Patients in GOLD E with a BEC Lab Test Result and Evidence of Open or Closed 
Triple Inhaler Use During Baseline
A total of 3384 patients were included in this subcohort: 919 (27.2%) had BEC ≤ 100 cells/μL, 1109 (32.8%) had BEC 
between 101–299 cells/μL, and 1356 (40.1%) had BEC ≥ 300 cells/μL (Table 3). Compared with elevated BEC, those 
with BEC ≤ 100 cells/μL had a higher prevalence of only moderate exacerbations, while two or more severe exacerba
tions were less prevalent. Characteristics of this subcohort are further described in Supplemental file 3.

Table 2 (Continued). 

Characteristic BEC ≤ 100 Cells/μL 
(n = 5704)

BEC 101–299 Cells/μL 
(n = 7254)

BEC ≥ 300 Cells/μL 
(n = 9550)

COPD exacerbation categories, n (%)

≥ 2 moderate exacerbations only 1871 (32.8%) 2306 (31.8%) 2603 (27.3%)

1 severe exacerbationd 2943 (51.6%) 3718 (51.3%) 4856 (50.8%)

≥ 2 severe exacerbationsd 890 (15.6%) 1230 (17.0%) 2091 (21.9%)

Smoking status during baseline, n (%)

Current smoker 2073 (36.3%) 2587 (35.7%) 2860 (29.9%)

Former smoker 1999 (35.0%) 2854 (39.3%) 4022 (42.1%)

Never smoker 360 (6.3%) 531 (7.3%) 842 (8.8%)

Unknown/other 1272 (22.3%) 1282 (17.7%) 1826 (19.1%)

Notes: Among patients with a BEC lab result during year 1 (baseline); GOLD E status was defined by ≥ 2 moderate or ≥ 1 severe exacerbation during year 1 
of a patient’s respective observation period; abased on the most recent claim during baseline; bother medications include single inhaler therapy (eg, LAMA 
only) or other maintenance medications (eg, methylxanthines, methylxanthine combinations, mast cell stabilizers, anti-immunoglobulin E agents, leukotriene- 
receptor antagonists, phosphodiesterase-4 enzyme inhibitors, interleukin-4, and interleukin-5 inhibitors). cguideline-recommended antibiotics included 
cephalosporins, macrolides, penicillins, quinolones, sulfonamide combinations, and tetracyclines; dwith or without a moderate exacerbation. 
Abbreviations: BEC, blood eosinophil count; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA, long- 
acting beta-2 agonists; LAMA, long-acting muscarinic antagonists.

Table 3 Baseline Medication Use, Exacerbation History, and Smoking Status, by BEC Among Patients in GOLD E with at 
Least One BEC Lab Test Result and Evidence of Open or Closed Triple Inhaler Use

Characteristic BEC ≤ 100 Cells/μL 
(n = 919)

BEC 101–299 Cells/μL 
(n = 1109)

BEC ≥ 300 Cells/μL 
(n = 1356)

Rescue medication use, n (%) 867 (94.3%) 1007 (90.8%) 1275 (94.0%)

Count of all pharmacy fills, mean (SD) 9.4 (8.5) 8.6 (8.5) 8.9 (8.5)

Systemic corticosteroid use, n (%) 869 (94.6%) 1028 (92.7%) 1235 (91.1%)

Count of all pharmacy fills, mean (SD) 7.4 (7.3) 6.8 (6.8) 7.5 (7.5)

Days of supply, mean (SD) 65.0 (90.1) 55.9 (81.1) 53.9 (77.4)

(Continued)
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Patients in GOLD E with Known Smoking Status During Baseline
Among the 25,342 patients with known smoking status, 10,655 (42.0%) were current smokers, 12,217 (48.2%) were former 
smokers, and 2470 (9.7%) never smoked (Table 4). Notably, current smokers were younger (62.2 years) than former or never 
smokers (67.7 and 66.7 years, respectively). Among current smokers, 40.1% had moderate exacerbations only, compared with 
former smokers (31.2%) and never smokers (29.6%). Rescue medication use, SCS use, and BEC ≤ 300 cells/μL were more 
common among current smokers. Although current smokers were less likely to have a severe exacerbation, they also had a lower 
prevalence of most comorbidities, including cardiovascular-related conditions, diabetes mellitus, pulmonary hypertension, 
anemia, and asthma (Supplemental file 4).

Table 3 (Continued). 

Characteristic BEC ≤ 100 Cells/μL 
(n = 919)

BEC 101–299 Cells/μL 
(n = 1109)

BEC ≥ 300 Cells/μL 
(n = 1356)

Guideline-recommended antibiotic usea, n (%) 844 (91.8%) 1006 (90.7%) 1250 (92.2%)

Count of all pharmacy fills, mean (SD) 5.0 (5.1) 4.7 (4.6) 5.0 (5.6)

COPD exacerbation categories, n (%)

≥ 2 moderate exacerbations only 373 (40.6%) 452 (40.8%) 460 (33.9%)

1 severe exacerbationb 381 (41.5%) 444 (40.0%) 573 (42.3%)

≥ 2 severe exacerbationsb 165 (18.0%) 213 (19.2%) 323 (23.8%)

Smoking status during baseline, n (%)

Current smoker 321 (34.9%) 395 (35.6%) 426 (31.4%)

Former smoker 377 (41.0%) 489 (44.1%) 617 (45.5%)

Never smoker 30 (3.3%) 51 (4.6%) 74 (5.5%)

Unknown/other 191 (20.8%) 174 (15.7%) 239 (17.6%)

Notes: Among patients with a BEC lab result during year 1 (baseline); GOLD E status was defined by ≥ 2 moderate or ≥ 1 severe exacerbation during year 1 
of a patient’s respective observation period; aguideline-recommended antibiotics included cephalosporins, macrolides, penicillins, quinolones, sulfonamide 
combinations, and tetracyclines; bwith or without a moderate exacerbation. 
Abbreviations: BEC, blood eosinophil count; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; LABA, long- 
acting beta-2 agonists; LAMA, long-acting muscarinic antagonists.

Table 4 Baseline Medication Use, Exacerbation History, and BEC Category Among Patients with COPD and 
GOLD E Classification, by Smoking Status

Characteristic Current Smoker 
(n = 10,655)

Former Smoker 
(n = 12,217)

Never Smoker 
(n = 2470)

Age, mean (SD), years 62.2 (9.0) 67.7 (8.7) 66.7 (9.6)

Maintenance medication usea, n (%)

ICS/LABA 3424 (32.1%) 3623 (29.7%) 777 (31.5%)

LABA/LAMA 668 (6.3%) 726 (5.9%) 78 (3.2%)

ICS/LABA/LAMA 1675 (15.7%) 2069 (16.9%) 233 (9.4%)

Otherb 1412 (13.3%) 1638 (13.4%) 356 (14.4%)

None 3476 (32.6%) 4161 (34.1%) 1026 (41.5%)

(Continued)

https://doi.org/10.2147/COPD.S598962                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2026:21 10

Bhatt et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/598962/598962%20Supplementary%20file%20%281%29.docx


Discussion
This retrospective analysis used administrative claims and EHR data to comprehensively characterize 38,648 patients 
with COPD in GOLD E (26.6% of the COPD study population). Within the GOLD E group’s baseline year, 34.8% of 
patients did not use any maintenance medication, while 58.2% had evidence of a BEC test result. Mean BEC and the 
proportion with elevated BEC were higher in GOLD E. These patients also had higher prevalences of COPD-related 
comorbidities, including obesity and cardiovascular conditions such as coronary artery disease, heart failure, and 
myocardial infarction. Given the limited real-world characterization of patients in GOLD E, our results may inform 
providers, payers, and researchers about the characteristics and treatment needs of this high-risk population.

The 2023 GOLD update simplified the prior ABCD classification schema by collapsing C and D into group E, 
reflecting the central role of exacerbations in disease management.19 Although this classification is relatively new, recent 
real-world evidence suggests that the majority of patients (58%) in GOLD A/B progress to GOLD E within five years.32 

Patients with a history of one moderate exacerbation were nearly three times more likely (hazard ratio, 2.92) to progress 
to GOLD E, compared with those without a history of moderate exacerbation. Importantly, a majority of patients (53%) 
without any history of exacerbation still progressed to GOLD E within five years. As exacerbations are associated with 
increased mortality, cardiovascular risk, and economic burden,9,10,15,16,18,20 preventing these sentinel events should be 
a treatment goal for every patient, regardless of exacerbation history. Accordingly, current GOLD recommendations 
emphasize careful assessment of exacerbation risk and appropriate testing, including BEC, to guide treatment decisions.

Table 4 (Continued). 

Characteristic Current Smoker 
(n = 10,655)

Former Smoker 
(n = 12,217)

Never Smoker 
(n = 2470)

Rescue medication use, n (%) 8155 (76.5%) 8640 (70.7%) 1619 (65.5%)

Count of all pharmacy fills, mean (SD) 6.0 (7.5) 5.0 (6.9) 4.0 (6.0)

Systemic corticosteroid use, n (%) 8774 (82.3%) 9694 (79.3%) 1874 (75.9%)

Count of all pharmacy fills, mean (SD) 5.2 (6.5) 5.1 (6.5) 5.0 (6.7)

Days of supply, mean (SD) 30.5 (59.0) 39.6 (72.9) 36.0 (72.5)

Guideline-recommended antibiotic usec, n (%) 8674 (81.4%) 9682 (79.3%) 1916 (77.6%)

Count of all pharmacy fills, mean (SD) 3.7 (4.2) 3.6 (4.5) 3.8 (4.4)

COPD exacerbation categories, n (%)

≥ 2 moderate exacerbations only 4273 (40.1%) 3811 (31.2%) 731 (29.6%)

1 severe exacerbationd 4814 (45.2%) 6086 (49.8%) 1283 (51.9%)

≥ 2 severe exacerbationsd 1568 (14.7%) 2320 (19.0%) 456 (18.5%)

BEC during baseline, n (%)

≤ 100 cells/μL 2073 (27.6%) 1999 (22.5%) 360 (20.8%)

101–299 cells/μL 2587 (34.4%) 2854 (32.2%) 531 (30.6%)

≥ 300 cells/μL 2860 (38.0%) 4022 (45.3%) 842 (48.6%)

Notes: Among patients with known smoking status during year 1 (baseline); GOLD E status was defined by ≥ 2 moderate or ≥ 1 severe 
exacerbation during year 1 of a patient’s respective observation period; abased on the most recent claim during baseline; bother medications 
include single inhaler therapy (eg, LAMA only) or other maintenance medications (eg, methylxanthines, methylxanthine combinations, mast 
cell stabilizers, anti-immunoglobulin E agents, leukotriene-receptor antagonists, phosphodiesterase-4 enzyme inhibitors, interleukin-4, and 
interleukin-5 inhibitors). cguideline-recommended antibiotics included cephalosporins, macrolides, penicillins, quinolones, sulfonamide 
combinations, and tetracyclines; dwith or without a moderate exacerbation. 
Abbreviations: BEC, blood eosinophil count; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroids; 
LABA, long-acting beta-2 agonists; LAMA, long-acting muscarinic antagonists.
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To better describe the clinical and treatment heterogeneity within GOLD E, we assessed three subgroups defined by 
BEC, triple inhaler use, and smoking status. Patients with elevated BEC are of particular interest due to their high risk of 
future exacerbation and improved response to ICS and biologics.27,37,38 Elevated BEC was observed in 42.4% and 35.5% 
of GOLD E and non–GOLD E, respectively. Similar to the entire study population, 36.2% of GOLD E with elevated 
BEC did not use any maintenance medication. The 14.2% of patients with elevated BEC who used triple inhalers may be 
eligible for type 2 biologics, which show efficacy in both clinical trials and real-world analyses.39–41

The GOLD 2023 update also recommends using exacerbation history and biomarkers to inform treatment 
decisions.8,19 In practice, we found several examples of guideline-discordant care within the main and subgroup analyses. 
Despite GOLD’s recommendation for frequent eosinophil testing to guide treatment decisions,8 only 58.2% of patients in 
GOLD E had evidence of a test result during baseline (compared with 46.8% of non–GOLD E). In addition, 34.8% of 
patients in GOLD E had no evidence of any maintenance medication use. Instead of dual bronchodilators, triple inhaler 
therapy is recommended for patients in GOLD E with elevated BEC.19,42 However, only 14.2% used this treatment. 
These results suggest widespread underutilization of biomarker testing and treatment that may affect the risk of 
exacerbation. Identifying the root causes of such discordance warrants further investigation.

Because smoking has been associated with increased risk of exacerbation and COPD-related costs,28,29 we also 
assessed smoking status among patients in GOLD E. We found heterogeneous exacerbation history across all smoking 
types. However, these findings should not be interpreted as evidence that smoking lowers exacerbation risk. Instead, our 
results likely reflect underlying differences in age, comorbidity burden, and rescue medication use. For example, the 
current smokers in our cohort were younger, had lower prevalences of obesity and cardiovascular-related conditions, and 
used more rescue medications than never or former smokers. Former smokers were older and may have been encouraged 
to quit due to age-related comorbidities, symptom severity, and exacerbation history. In addition, the requirement of 
survival during the 12-month baseline period may have introduced survival bias by preferentially excluding never or 
former smokers with more advanced disease and/or comorbidity burden. Differences in underlying COPD phenotype (eg, 
emphysema-predominant disease) may also contribute to exacerbation variability across smoking categories; however, 
detailed phenotypic information was not available to evaluate this possibility. Collectively, these factors may help explain 
the observed heterogeneity and underscore the importance of early treatment regardless of smoking status.

Our study has several strengths. First, the combination of administrative claims and EHR data allowed us to present 
a breadth of patient characteristics, including demographics, comorbidities, medication use, BEC test results, and 
smoking status. These data may help inform providers, payers, and researchers about patients at the highest risk of 
exacerbation. Second, we were able to identify a large study population and create three subgroups among patients in 
GOLD E. These subgroups represented patients of considerable clinical interest and allowed us to explore guideline- 
discordant testing and treatment patterns.

Several limitations are common to retrospective analyses of EHRs and administrative claims. Primarily, we used real-world 
data that was not originally collected for the purpose of studying COPD or its treatment. For example, we cannot be certain if 
a BEC value was measured at a stable state or during an active period of acute exacerbation. Second, our data may not capture all 
patient care events, such as visits to free clinics or clinical trial participation. Third, we required continuous enrollment in medical 
and pharmacy benefit programs among those who did not die during baseline. Social determinants of health, especially financial 
strain that correlates with inconsistent insurance coverage, are associated with increased COPD prevalence and exacerbation.43 It 
is therefore unlikely that we reported an artificially high rate of treatments that differed from recommendations. Fourth, we 
identified patients at different places on the spectrum of disease progression. We could not establish a correlation between the 
proportion of patients with comorbidities and their years since COPD diagnosis. In addition, we did not assess lung function and 
excluded patients who died during baseline. Therefore, our results do not reflect a specific point in disease progression and may 
have excluded patients with the most severe conditions. Fifth, we restricted the study population to individuals aged 40–80 years. 
While this may limit the generalizability of our results, COPD at age < 40 is quite rare.33 Meanwhile, COPD in the population of 
patients with very advanced age (eg, > 80 years) is often accompanied by several unique comorbidities such as frailty, sarcopenia, 
and cognitive impairment.34 Finally, this was a descriptive study limited to the first year of a three-year observation period, 
selected to begin on January 1st of a given year. Although the study period spanned the COVID-19 pandemic, our analyses of 
baseline characteristics and treatment patterns were not time-dependent. Therefore, the COVID era is unlikely to bias results in 
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one particular direction. This study did not include statistical control for known risk factors, such as age and obesity, which may 
confound the relationship between patient characteristics and exacerbation risk. Because causal inferences cannot be made here, 
future research may consider statistical adjustment to account for known risk factors.

Conclusions
Many patients with COPD in GOLD E were not treated according to recommendations. Despite recommendations, only 
51.7% of these patients had any maintenance medication use, while 58.2% had a BEC test result. Also, only 14.2% of 
patients with elevated BEC received triple inhaler therapy, suggesting real-world underutilization of recommended 
treatments. These results indicate opportunities exist to improve recommendation-concordant testing and treatment in 
a population with substantial exacerbation history and risk of future exacerbations. Early identification and intervention 
—including treatments that address type 2 inflammation—is encouraged.
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