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Introduction: Quantifying the disease burden across severity levels is essential for early intervention and effective management of chronic
obstructive pulmonary disease (COPD). This study aimed to clarify the effect of severity on disease burden by comparing clinical and economic
outcomes stratified by disease severity based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) in a Chinese setting.
Methods: A retrospective population-based cohort study was conducted using electronic health records of 80 hospitals (2016-2019).
Patients (>40 years) diagnosed with COPD (ICD-10: J44) between 2017 and 2018 were identified and further classified into high (GOLD E)
or low (GOLD A/B) exacerbation risk groups based on 12-months pre-index exacerbation history. GOLD groups A, B, and E were
categorized based on exacerbation history and prior symptom burden. Clinical and economic outcomes were examined during 12-months
follow-up, including incidence and time intervals between exacerbations, mortality, healthcare resource utilization, and direct medical costs.
Results: Among 6759 COPD patients (mean age 68.36 + 11.46 years, 62.4% male), patients in group E (N=2378) showed
significantly worse outcomes than group A/B (N=4381): 57% higher exacerbations risk (90.5 vs 70.5%, adjusted hazard ratio [HR]
=1.57; 95% CI: 1.48-1.67), 31% higher risk of all-cause mortality (11.6 vs 6.6%, HR=1.31; 95% CI: 1.10-1.57), and 1.7-fold higher
COPD-related total costs (Chinese yuan [CNY] 21,156 vs 12,457, adjusted difference CNY 4238) during follow-up. Notably, the
incidence rates of overall exacerbation, total costs increased progressively from group A to B to E in the year following the index date.
Conclusion: Poor prognosis and high economic burden were observed among Chinese patients with COPD. Higher disease severity
was associated with increased risk of exacerbation, all-cause mortality, and economic burden. These findings underscore the need for
early intervention in patients with mild COPD to prevent disease progression, subsequent exacerbations, and rising economic impacts.
Keywords: chronic obstructive pulmonary disease, acute exacerbation, healthcare resource utilization, costs, disease severity

Introduction

Chronic obstructive pulmonary disease (COPD), characterized by airflow limitation, was the third leading cause of death
worldwide in 2020, causing substantial and increasing economic and societal burdens.' In China, the prevalence of
COPD has reached 13.7% in individuals over 40 years old, accounting for nearly 100 million cases.* Over the past
decade, the credible framework recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
has been widely adopted to stratify patients into disease severity groups, A, B, C, and D, with increasing severity based
on risk of exacerbation and symptoms.’ Different treatment regimens are recommended for each severity group, and
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patients with higher disease severity are at a greater risk of acute exacerbation, which indicates deteriorating health status
and enormous disease burden. GOLD 2023 was published with a modified ABCD assessment tool.® Groups A and
B remain unchanged, and former groups C and D are merged into a single group, E (exacerbations) to highlight the
clinical relevance of exacerbations. Future pharmacological treatment recommendations are implicated, and the need for
practical validation of this updated framework is proposed.

Most existing studies have focused on the clinical and economic burden of overall patients with COPD or those
initiating certain medications, without stratification by severity. Only a few studies have investigated the differences
across severity groups, referring to earlier versions of the GOLD reports. Two studies in England found that highly
symptomatic patients (groups B and D) were at greater risk of exacerbation (0.10-0.27 in groups B/D vs 0.01-0.08 in
groups A/C, per person per year) and mortality (5.4—7.8% in groups B/D vs 1.9-2.8% in groups A/C, annually), results
that need to be verified in other counties.”® Among the three studies exploring the relationship between severity and
economic burden, studies in Greece and China found that total costs increased in line with disease severity
(D>C>B>A),”'" whereas inconsistent results were reported in Denmark (D>B>C>A)."" In addition, no study has
simultaneously quantitatively investigated the effects of disease severity on clinical outcomes and economic burden. In
particular, owing to the lack of biochemical indications and patient self-reported questionnaires, identifying different
disease severity groups based on retrospective data is one of the major challenges facing real-world analysis of COPD,
especially for evidence stratified by disease severity. In addition, modification of the grouping framework in GOLD
2023 has limited research conclusions on backwardness and has unquestionably raised new requirements for evidence.

In China, awareness and treatment of COPD remain inadequate, as evidenced by low diagnosis and treatment rates.'*'?
COPD constitutes a major public health problem reaching an epidemic with an unacceptably low awareness rate (about
0.9%), compared with hypertension and diabetes which were included in the National Basic Public Health Services
(NBPHS) project.'* Research shows that nearly 48.6% of COPD patients were prescribed inhaler regimens inconsistent
with clinical guidelines three months post-hospitalization, reflecting under-prioritization of COPD management.'” Delays in
diagnosis and treatment can lead to disease progression and exacerbation, which further increases the severity of the
condition and the associated disease burden. Health-related quality of life is also substantially compromised in patients with
COPD, and this decline becomes more pronounced as the disease progresses.'® Although China has established a public
health insurance system, individuals with chronic diseases such as COPD still have substantial out-of-pocket expenses.'’

Therefore, this study aimed to compare the real-world clinical outcomes, healthcare resource utilization (HRU), and
cost of patients with COPD across different disease severity groups in a Chinese setting, based on GOLD 2023, to fill the
evidence gap of clinical and economic outcomes across different severity groups and to provide a reference for the
validation of the updated ABE framework.

Methods

Data Source

Data for this retrospective cohort study were obtained from the electronic health records held by 80 secondary and
tertiary hospitals in Tianjin, China. Extracted data included longitudinal views of patient-level demographics; medical
records of inpatient, emergency, and outpatient services; prescriptions and procedures; and related medical and medica-
tion costs. Information about mortality was recorded separately and linked to unique de-identified codes. The Ethics
Committee of Tianjin University approved the study protocol before study initiation (approval number: TJUE-2021-171).

Patient Identification

Identification of Patients with COPD

Patients with COPD were identified as those who had experienced >1 inpatient primary diagnoses or >2 outpatient
diagnoses (ICD-10 codes J44, supplemented by Chinese free texts) between January 1, 2017, and December 31,
2018 (identification period). The date of the first COPD diagnosis was defined as the index date. Patients aged >40
years were further identified and required to have continuous medical records during the 12 months prior to
(baseline period) and 12 months following the index date, with discontinuation due to death was allowed
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(Supplementary Figure 1). Patients without evidence of COPD (J44) or related complications, including respiratory

tract infection (J00-JO6, J12-J18), acute exacerbation of chronic bronchitis (J47.1), and respiratory failure (J96)
during the baseline period, were excluded as incident COPD patients at the index date. The included patients were
followed up until death or data cutoff (December 31, 2019), whichever came first.

Groups of Patients with Different Disease Severity
According to the combined COPD assessment recommended by GOLD and the National Guidelines for COPD
Diagnosis and Treatment issued by the Chinese Thoracic Society, the included patients were first classified into
low exacerbation risk (A/B) and high exacerbation risk (E) groups.’ ‘I8 patients free of exacerbation events or who
had experienced only one exacerbation event without hospital admission during the 12-month baseline period were
classified into group A/B; patients with >1 hospitalization with a primary diagnosis of COPD or >2 moderate or
severe exacerbations were classified into group E. Moderate exacerbation was identified with any diagnosis
(primary or non-primary) of COPD or respiratory tract infection without respiratory failure, combined with the
prescription of antibiotics or corticosteroids. Severe exacerbation was inferred by emergency department (ED)
visits or inpatient admissions with a primary diagnosis of COPD, or outpatient or inpatient admission with any
diagnosis of respiratory failure. Specifically, successive exacerbation records within a period of <14 days were
merged into one episode, and the merged exacerbation was deemed severe if there was >1 severe exacerbation
among all records within 14 days; otherwise, it was deemed moderate exacerbation.

Groups A and B were further classified. Given the unavailability of the modified British Medical Research Council
Dyspnea Questionnaire (mMRC) and COPD Patient Self-Assessment Test (CAT) scores, which serve as the standard

criteria for assessing highly symptomatic patients (nMRC >2 or CAT >10),>'8

several proxy indicators were explored
based on clinical guidelines, published literatures and expert opinions in China to distinguish between highly or lowly
symptomatic patients.”'®' Patients were identified as group B from group A/B if they met any one of the following
alternative criteria during the baseline period: (a) >1 diagnosis of respiratory failure; (b) >4 pharmacy records for
short-acting beta,-agonist (SABA) or short-acting antimuscarinic antagonist (SAMA) over a 12-month period or >2
pharmacy records for SABA or SAMA over a 6-month period; (¢) >3 medical records with a COPD diagnosis over any
3 months; (d) >3 medical records with a dyspnea or cough diagnosis; (e) >1 medical record with a dyspnea or cough
diagnosis and >1 medical record for lung function tests; and (f) treatment escalation (step-up) from a single
bronchodilator to dual therapy or from dual to triple therapy. The remaining patients were classified into group
A (Supplementary Figure 2).

Outcome Measures
The clinical outcomes examined included the incidence of all-cause mortality and the risk of moderate, severe, and overall
COPD exacerbations during the follow-up period. The proportions of patients who experienced exacerbation (%), incidence
of exacerbation events, and time intervals between exacerbations were calculated. The incidence of exacerbations was
measured as the total number of exacerbations divided by the total number of follow-up years (per person per year, PPPY).
Both all-cause and COPD-related HRU and costs were assessed during the 12-month follow-up period. Visits and
admissions with diagnosis of COPD and related complications were identified as COPD-related. HRU per patient was
assessed using the percentage of patients who utilized inpatient services, number of admissions and outpatient visits, and
annualized length of stay (LoS). Direct medical costs were estimated from the perspective of the healthcare system: payments
by insurers and patients. The total costs included the costs of hospitalization and outpatient services, and cost decomposition
was investigated, including the costs of medications, examinations, and treatments (eg, nursing and monitoring).

Statistical Analysis

All baseline characteristics and outcome measures were descriptively evaluated for each group. Continuous variables are
reported as means and standard deviations (SD), and categorical variables are summarized as frequencies (N) and
proportions (%). Statistical significance of differences between groups was assessed using the #-test, rank sum test, and
analysis of variance for continuous variables, as well as the chi-square test for categorical variables. Multivariable
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regression models were constructed to assess the effect of disease severity (mild/severe) on clinical outcomes, HRU, and
costs, including the Cox proportional hazard regression model for exacerbations and all-cause death, logistic regression
model for hospitalization, negative binomial regression model for number of admissions and visits, and generalized linear
model (GLM) with gamma distribution and log-link function for direct medical costs, in which the adjusted cost
differences were obtained using the recycled prediction method. Controlled covariates included demographic character-
istics (age, sex), the Charlson comorbidity index (CCI), baseline comorbidities (hypertension, coronary heart disease,
arrhythmia, etc.), and baseline healthcare resource utilization. Statistical significance was defined as a two-sided p-value
of <0.05. Post-hoc power calculations using observed parameters demonstrated >99% power to detect group differences
in mortality and exacerbation rates, and 86% power for cost comparisons at 0=0.05 (two-tailed). All statistical analyses
were performed using STATA version 13.1 (StataCorp, Texas, USA).

Results

Group A/B vs Group E

Sample Selection and Baseline Characteristics

A total of 11,167 patients with COPD were identified between 2017 and 2018; 6759 patients were finally included
(Figure 1). The mean age of included patients was 68.36+11.46 years; 62.4% were male (Table 1). The mean CCI score
was estimated to be 3.15+2.51. The prevalence of comorbidities was relatively high, with coronary heart disease (72.3%)
being the most common comorbidity, followed by hypertension (70.5%), and dyslipidemia (53.2%) (Supplementary
Table 1). In total, 32.1% of patients experienced at least one hospitalization during the baseline period, and total costs
were estimated in Chinese yuan (CNY) to be 23,925+32,158 per year. The mean number of overall exacerbations was
1.6042.30 per patient, annually.

(" Patients with >1 COPD inpatient primary diagnosis )
or >2 outpatient diagnosis between 2017 -2018

L N,=11,167 ), N
,| 288 Excluded
Age <40 years old on the index date
e N N ?
Age > 40 years old on the index date
N,=10,879
. “ (2,146 Excluded )
Without continuous medical records during
: \_baseline and follow-up period )

( 2 3 5 2 . )
Patients with continuous medical records during
baseline and follow-up period

L N;=8,733 ) N
1,974 Excluded
No COPD-related diagnosis during baseline period
- N\ J
Total COPD patients
N,=6,759
\ J
A
Group A/B v
Ns=4,381 (64.8%)
l Group E
A4 A
N¢=2,378 (35.2%
Group A Group B 3 ( o)
N-=2,697 (39.9%) Ng=1,684 (24.9%)

Figure | Sample selection flow chart.
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Table | Baseline Characteristics of Total Population, Group A/B and E

Baseline Characteristics Total Population Group A/B Group E P value®
N=6759 N=4381 N=2378
Sociodemographic characteristics

Age, year [Mean#SD] 68.36x11.46 67.68%11.61 69.61£11.07 <0.001

Sex, male [N (%)] 4217 (62.4%) 2676 (61.1%) 1541 (64.8%) 0.003

Work status, retired [N (%)] 5671 (83.9%) 3596 (82.1%) 2075 (87.3%) <0.001

Clinical characteristics

CCl [MeantSD] 3.15%2.51 2.83+£2.35 3.76+2.67 <0.001

Comorbidity® [N (%)]

Cardiovascular disease 5751 (85.1%) 3586 (81.9%) 2165 (91.0%) <0.001
Coronary heart disease 4885 (72.3%) 2983 (68.1%) 1902 (80.0%) <0.001
Hypertension 4768 (70.5%) 2933 (66.9%) 1835 (77.2%) <0.001

Dyslipidemia 3597 (53.2%) 2264 (51.7%) 1333 (56.1%) 0.001

Asthma 2651 (39.2%) 1550 (35.4%) 1101 (46.3%) <0.001

Medication history [N (%)]

COPD drugs 3931 (58.2%) 2217 (50.6%) 1714 (72.1%) <0.001
Single bronchodilator 2595 (38.4%) 1335 (30.5%) 1260 (53.0%) <0.001
Dual therapy 3148 (46.6%) 1718 (39.2%) 1430 (60.1%) <0.001
Triple therapy 751 (11.1%) 408 (9.3%) 343 (14.4%) <0.001

Healthcare resource utilization and costs

Patients with at least | hospitalization [N (%)] 2171 (32.1%) 1043 (23.8%) 1128 (47.4%) <0.001

Num. of admissions per patient [Mean+SD] 0.57+1.08 0.36+0.80 0.95+1.39 <0.001

Num. of outpatient visits per patient [Mean+SD] 53.13+62.05 42.41+48.34 72.88+77.71 <0.001

Total costs, CNY [Mean+SD] 23,925+32,158 16,797+£25,440 | 37,057+38,488 <0.001
Total hospitalization costs, CNY [Mean+SD] 9101+23,974 5600£19,119 15,551£29,939 <0.001
Total outpatient costs, CNY [Mean+SD] 14,824+20,799 I11,197+15,767 | 21,506+26,513 <0.001

Number of exacerbations, times [MeantSD]
Overall exacerbation 1.60£2.30 0.48+0.50 3.67+2.81 <0.001
Moderate exacerbation 1.42+£2.21 0.44+0.50 3.22+2.89 <0.001
Severe exacerbation 0.18+0.58 0.03+0.18 0.46+0.89 <0.001

Notes: *Other comorbidities were presented in Supplementary Table I; °P value of descriptive analysis between groups A/B and E.
Abbreviations: SD, standard deviation; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; CNY, Chinese yuan.

Of all patients, 64.8% (N=4381) were categorized into group A/B and 35.2% (N=2378) into group E. Compared to
patients in group A/B, patients in group E were older (69.61 vs 67.68 years, p<0.001), had worse health status (CCI: 3.76
vs 2.83, p<0.001), included a higher percentage of COPD-related drug users (72.1% vs 50.6%, p<0.001), and accordingly
posed a heavier economic burden (total costs: CNY 37,057 vs CNY 16,797, p<0.001) during the baseline period.

Association Between Disease Severity and Clinical Outcomes
The overall prognosis of patients with COPD was poor, with 77.6% of patients experiencing >1 exacerbation event and
8.4% of patients dying during the 12-month follow-up period (Table 2). Narrowing time intervals between multiple
successive exacerbations were also observed in the total population.

Compared with patients in group A/B, patients in group E had a 57% higher risk of overall exacerbation (90.5 vs 70.5%,
adjusted hazard ratio [HR]=1.57; 95% CI: 1.48-1.67, p<0.001), 76% higher risk of moderate exacerbation (75.0 vs 53.0%,
HR=1.76; 95% CI: 1.64-1.88, p<0.001), and 27% higher risk of severe exacerbation (42.7 vs 33.0%, HR=1.27; 95% CI:
1.16-1.39, p<0.001). The incidence rate of overall exacerbations (3.73 vs 1.61 PPPY), moderate (2.93 vs 1.15 PPPY) and severe
exacerbation (0.80 vs 0.47 PPPY) were also higher in group E. Patients in group E were associated with more frequent
exacerbations with shorter time intervals to next exacerbations (p<0.001) and had a higher risk of all-cause mortality (11.6 vs
6.6%, HR=1.31; 95% CI: 1.10-1.57, p=0.003) compared to group A/B.
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Table 2 Exacerbations and Mortality in the 12 months After Index

of Total Population, Group A/B and E

Variables Total Population Group A/B Group E HR/Coef. HR/Coef. P value®
(95% CI) (95% CI)
N=6759 N=4381 N=2378 Unadjusted Fully Adjusted
Proportion of exacerbations [N (%)]

Overall exacerbation 5242 (77.6%) 3089 (70.5%) 2153 (90.5%)** 1.69 (1.60, 1.79)* 1.57 (1.48, 1.67) <0.001
Moderate exacerbation 4103 (60.7%) 2320 (53.0%) 1783 (75.0%)*+* 1.90 (1.78, 2.02)* 1.76 (1.64, 1.88)* <0.001
Severe exacerbation 2, 462 (36.4%) 1446 (33.0%) 1016 (42.7%)*%* 1.34 (1.23, 1.45)* 1.27 (1.16, 1.39)* <0.001

Exacerbation incidence [PPPY]

Overall exacerbation 235 1.6l 373 - - -
Moderate exacerbation 1.77 115 293 - - -
Severe exacerbation 0.58 0.47 0.80 - - -

Time interval between exacerbations, days
[MeantSD]

Index to |** exacerbation 177.72+180.80 208.66+190.69 132.68+154.70%* —045 (-0.51, —0.39)° ~0.36 (—0.43, —0.30)° <0.001

1** to 2" exacerbation 157.15%161.28 184.86%172.97 123.21£138.35% ~0.41 (-0.47, —0.34)° -0.32 (-0.39, -0.26)° <0.001

2" to 3" exacerbation 122.44%129.27 141.51£140.50 104.09£1 14.54% -0.31 (-0.38, -0.23)° -0.23 (-0.30, -0.15)® <0.001

All-cause mortality [N (%)] 565 (8.4%) 288 (6.6%) 277 (11.6%)** 1.81 (1.53, 2.13)* 1.31 (1.10, 1.57)* 0.003

Notes: *Cox proportional hazard regression model, HR (95% Cl); °Negative binomial regression model, Coef. (95% Cl); °P value of regression after fully adjusted.
***Significant at ***p<0.001 in descriptive analysis between groups A/B and E.
Abbreviations: HR, hazard ratio; Cl, confidence interval; PPPY, per patient per year; SD, standard deviation.

Association Between Disease Severity and Economic Burden

Of all patients, 39.4% had at least one COPD-related hospitalization during the 12 months of follow-up, with mean number of
admissions per patient estimated to be 0.72+1.22 (Table 3). Total annual COPD-related costs (CNY 15,517+CNY 31,673)
accounted for approximately half (48.0%) of the total cost (CNY 32,337+41,271) among total population. 82.9% of COPD-
related costs were attributed to hospitalization costs (CNY 12,857+CNY 31,367). Patients in group E were more likely to be
hospitalized (46.1 vs 35.8%, adjusted difference 4.5%, p<0.001) due to COPD and had a higher number of admissions (0.96 vs
0.59, adjusted difference 0.15, p<0.001) and outpatient visits per patient (10.83 vs 6.32, adjusted difference 3.01, p<0.001)

Table 3 COPD-Related and All-Cause HRU and Costs in the 12 months After Index of Total Population, Group A/B and E

Variables Total Group A/B Group E Coef. (95% CI) Coef. (95% CI) Difference P value?
Population
N=6759 N=4381 N=2378 Unadjusted Fully Adjusted Fully
Adjusted
COPD-related healthcare resource utilization

Patients with at least | hospitalization® [N (%)] 2663 (39.4%) 1567 (35.8%) 1096 (46.1%) 0.43 (033, 0.53) 024 (0.11, 0.36) 45% <0.001

Num. of admissions per patient®, [Mean+SD] 0.72+1.22 0.59+1.05 0.96% | 45+ 0.48 (0.40, 0.56) 0.20 (0.11, 0.28) 0.15 <0.001

Total length of stay per patientb, days [Mean+SD] 9.18£19.58 7.15£15.07 12.93+25.50%** 0.59 (0.49, 0.69) 0.20 (0.08, 0.32) 224 0.001

Num. of visits per patient®, [Mean+SD] 7914831 6.3245.89 10.8310.92%%* 0.54 (0.49, 0.59) 0.36 (0.32, 0.41) 3.0l <0.001

COPD-related direct medical costs, CNY [MeantSD]

Total costs 15,517+31,673 12,457+28,338 21,156+36,376% 0.53 (0.43, 0.63) 0.26 (0.16, 0.36) 4238 <0.001
Total hospitalization costs 12,857+31,367 10,410+28,106 17,363£36,198*+* 0.51 (0.40, 0.63) 0.21 (0.06, 0.36) 3211 0.006
Total outpatient costs 2661+3415 204612335 379314597+ 0.62 (0.56, 0.68) 0.40 (0.34, 0.46) 1101 <0.001

Decomposition of total costs

Medication costs 7004£11,916 5379+10,166 9999+ 14,122+ 0.62 (0.54, 0.70) 0.32 (0.24, 0.40) 2345 <0.001
Costs of COPD maintenance drug 1339£1734 1122£1472 1741£2075%+* 0.44 (0.38, 0.50) 0.19 (0.11, 0.26) 294 <0.001

Examination costs 3376+6480 288246050 428671 | 8+** 0.40 (0.31, 0.49) 0.18 (0.06, 0.29) 654 0.003

Treatment costs 2861+9028 2260+8251 396841021 7+ 0.56 (0.41, 0.71) 0.27 (0.10, 0.44) 904 0.002

Cost per hospitalization 17,796+22,106 17,548+22,528 18,078+21,618 0.03 (—0.04, 0.10) 0.04 (—0.03, 0.11) 709 0.277

Cost per outpatient visit 341+376 326+392 357+357%%* 0.09 (0.07, 0.11) 0.05 (0.03, 0.07) 17 <0.001

(Continued)
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Table 3 (Continued).

Variables Total Group A/B Group E Coef. (95% CI) Coef. (95% CI) Difference P value®
Population
N=6759 N=4381 N=2378 Unadjusted Fully Adjusted Fully
Adjusted
All-cause direct medical costs®, CNY [MeantSD]
Total costs 32,337+41,271 27,419+38,532 41,398+44,499* 0.41 (0.35, 0.47) 0.03 (—0.04, 0.10) 1088 0.364
Total hospitalization costs 17,312+36,977 15,114£35,145 21,363+39,824%+* 0.35 (0.24, 0.45) —0.03 (-0.15, 0.10) —493 0.687
Total outpatient costs 15,025+19,330 12,306+15,529 20,035+24,068*+* 0.49 (0.43, 0.55) 0.0 (—0.03, 0.05) 220 0.585

Notes: *Logistic regression model; bNegative binomial regression model; “Generalized linear model with gamma distribution and log link function; 9P value of regression
after fully adjusted. ***Significant at ***P<0.001 in descriptive analysis between groups A/B and E.
Abbreviations: Coef, coefficient; Cl, confidence interval; SD, standard deviation; CNY, Chinese yuan.

(Supplementary Figure 3). COPD-related total costs were 1.7-fold higher in group E than in group A/B (CNY 21,156 vs CNY
12,457, adjusted difference CNY 4238, p<0.001), largely driven by higher hospitalization costs (CNY 17,363 vs CNY 10,410,
adjusted difference CNY 3211, P=0.006). All-cause HRU and costs were significantly higher in group E than in group A/B in the
descriptive analysis, but the differences were not significant between the two groups after full adjustment, except for all-cause

medication costs (Supplementary Table 2).

Comparisons Among Groups A, B, and E

Baseline Characteristics

After further identification, 39.9% (N=2697) of patients were classified into group A and 24.9% (N=1684) into group
B. Baseline characteristics of patients in groups A, B, and E are presented in Supplementary Table 3. The mean age of

patients was highest (69.61 years) in group E and the lowest in group A (68.19 years). More than 60% of patients in all
groups were men, with the largest proportion in group E (64.8%). In groups A to E, the CCI scores increased from 2.72
to 3.76 (p<0.001), and the proportions of patients with comorbidities, HRU, and costs, as well as the number of
exacerbations per patient (0.46 to 3.67 from group A to E, p<0.001) also increased accordingly with the increase in
disease severity during the 12-month baseline period.

Clinical Outcomes

The proportion of patients who experienced >1 exacerbation event and the incidence rate of overall exacerbation in the
12 months following the index increased in line with COPD severity (E>B>A) (Table 4). The risk of moderate (75.0 vs
51.4%, HR=1.79; 95% CI. 1.66—1.94, p<0.001) or severe exacerbation events (42.7 vs 35.8%, HR=1.20; 95% CI:
1.09-1.32, p<0.001) was greater among patients in group E than in group A after full adjustment. The risk of all-cause
death in the 12-month follow-up period was highest in group E (11.6%), followed by groups A (7.0%) and B (5.9%).

Table 4 Clinical Outcomes in the 12 months After Index of Group A, B, and E

Unadjusted HR (95% ClI)

Fully adjusted HR (95% ClI)
Moderate exacerbation [N (%)]

Unadjusted HR (95% ClI)

Fully adjusted HR (95% ClI)

[
[

1386 (51.4%)
[
[

0.92 (0.86, 0.99)**
0.93 (0.87, 1.00)
934 (55.5%)
111 (1.03, 121y
1.05 (0.96, 1.14)

Variables Group A Group B Group E
N=2697 N=1684 N=2378
Proportion of exacerbations®
Overall exacerbation [N (%)] 1909 (70.8%) 1180 (70.1%) 2153 (90.5%)

1.64 (1.54, |.74yee
152 (1.42, 163y
1783 (75.0%)

1.98 (1.84, 2.13)%s
1.79 (1.66, 1,94y

(Continued)
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Table 4 (Continued).

Variables Group A Group B Group E
N=2697 N=1684 N=2378
Severe exacerbation [N (%)] 966 (35.8%) 480 (28.5%) 1016 (42.7%)
Unadjusted HR (95% ClI) | 0.76 (0.68, 0.84)*** 121 (111, 1.32)**
Fully adjusted HR (95% Cl) | 0.86 (0.77, 0.97)** 1.20 (1.09, 1.32)%**
Exacerbation incidence [PPPY]
Overall exacerbation 1.51 1.79 3.73
Moderate exacerbation 1.01 1.36 2.93
Severe exacerbation 0.50 0.42 0.80
All-cause mortality [N (%)]* 188 (7.0%) 100 (5.9%) 277 (11.6%)
Unadjusted HR (95% Cl) | 0.84 (0.66, 1.08) 1.70 (1.41, 2.05)%**
Fully adjusted HR (95% Cl) | 0.96 (0.75, 1.24) 1.30 (1.06, 1.58)**

Notes: “Cox proportional hazard regression model. **, #**Sjgnificant at **p<0.05 and ***p<0.001 calculated relative to group A.
Abbreviations: HR, hazard ratio; Cl, confidence interval; PPPY, per patient per year.

Economic Burden

The number of COPD-related admissions per patient in the 12 months following the index date was highest in group
E (0.96), compared with groups A (0.63) and B (0.53) (Table 5). Patients in the higher symptomatic group experienced
more COPD-related outpatient visits than those in the lower symptomatic group (8.04 in group B and 5.24 in group A).
Group E was responsible for a 1.7-fold higher total COPD-related cost than Group A (CNY 21,156 vs CNY 12,310,

Table 5 COPD-Related HRU and Costs in the 12 months After Index of Group A, B, and E

Variables Group A Group B Group E
N=2697 N=1684 N=2378

COPD-related healthcare resource utilization

Patients with at least | hospitalization® [N (%)] 1035 (38.4%) 532 (31.6%) 1096 (46.1%)
Unadjusted Coef. (95% Cl) 0 ~0.30 (~0.43, —0.17y%* 0.32 (0.20, 0.43)%
Fully adjusted Coef. (95% Cl) 0 —0.15 (-0.30, —0.01)** 0.18 (0.04, 0.31)**

Num. of admissions per patient® [MeanSD] 0.63+1.08 0.531.01 0.96+1.45
Unadjusted Coef. (95% Cl) 0 ~0.17 (~0.28, —0.06)** 0.42 (0.33, 0.51 )
Fully adjusted Coef. (95% CI) 0 ~0.09 (-0.19, 0.02) 0.17 (0.07, 0.26)**

Total length of stay per patient®, days [MeanSD] 7.44£15.29 6.67+14.72 12.93+25.50
Unadjusted Coef. (95% Cl) 0 —0.11 (~0.24, 0.02) 0.55 (0.44, 0.66)**
Fully adjusted Coef. (95% CI) 0 ~0.07 (-0.21, 0.07) 0.17 (0.04, 0.30)**

Num. of outpatient visits per patient® [MeantSD] 5.24+4.30 8.0417.47 10.83£10.92
Unadjusted Coef. (95% Cl) 0 0.43 (0.37, 0.48) 0.73 (0.68, 0.78)*
Fully adjusted Coef. (95% ClI) 0 0.27 (0.22, 0.32)%* 0.49 (0.44, 0.54)wx

COPD-related direct medical costs

Total costs®, CNY [MeantSD] 12,310+25,944 12,692+31,807 21,156+36,376
Unadjusted Coef. (95% Cl) 0 0.03 (0.1, 0.17) 0.54 (0.44, 0.65)%*
Fully adjusted Coef. (95% CI) 0 0.07 (-0.06, 0.19) 029 (0.17, 0.40)*

Total hospitalization costs®, CNY [MeantSD] 10,615+25,642 10,083+31,660 17,363+36,198
Unadjusted Coef. (95% Cl) 0 —0.05 (-0.23, 0.12) 0.49 (0.37, 0.62)***
Fully adjusted Coef. (95% CI) 0 ~0.03 (-0.22, 0.16) 0.20 (0.03, 0.26)**

Total outpatient costs®, CNY [MeaniSD] 1695+1903 2609+2806 3793+4597
Unadjusted Coef. (95% Cl) 0 0.43 (0.36, 0.50)*** 0.81 (0.74, 0.87)***
Fully adjusted Coef. (95% CI) 0 0.27 (0.21, 0.34y=* 0.53 (0.46, 0.59)*

Notes: *Logistic regression model; "Negative binomial regression model; “Generalized linear model with gamma distribution and log link function. **, **Significant at
*#p<0.05 and ***p<0.001 calculated relative to group A.
Abbreviations: Coef, coefficient; Cl, confidence interval; SD, standard deviation; CNY, Chinese yuan.
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adjusted Coef. =0.29, 95% CI: 0.17-0.40, p<0.001). In all groups, all-cause total costs (from CNY 25,767 to CNY
30,736, p<0.001) in the year following the index date increased in line with COPD severity (Supplementary Table 4).

Discussion

This retrospective population-based cohort study provided precise insights into the clinical outcomes and economic
burden posed by COPD stratified by disease severity in Tianjin, China. Our results highlight the poor prognosis of and
high economic burden among Chinese patients with COPD, and patients with higher disease severity (group E) were
associated with 57% higher risk of exacerbation and 31% higher risk of all-cause mortality than group A/B, with
a 1.7-fold increase in total direct medical costs between the two groups. The results across the GOLD 2023 disease
severity groups further demonstrated that clinical outcomes and economic burden increased in line with increases in
disease severity.

According to this study, the clinical prognosis of patients with COPD in China was poorer than that in Europe and
North America, as indicated by almost twice the proportion of patients experiencing exacerbation events within a 12-
month period (77.6 vs 34.7%-48.1%) and a higher exacerbation rate (2.35 vs 1.01 PPPY).?>?! The management of
COPD was insufficient and was further revealed by cost decomposition. First, in contrast to studies on other similar
chronic diseases, such as diabetes (66.2%),> COPD-related costs were less prominent in total costs (accounting for
48.0%), which indicated that patients with other comorbidities did not pay enough attention to the management of
COPD. Unoptimistic routine care and prevention also showed that COPD-related costs were mostly driven by hospita-
lization, compared with a previous Danish study (82.9 vs 53.7%),"" while outpatient visits were not as regular as
expected (7.91 times per patient annually).

Our analyses indicated that a higher disease severity was associated with a higher risk of exacerbations and mortality. To
our knowledge, this is the first study to classify patients with COPD into three different severity groups according to the latest
GOLD 2023 guidelines. Previous studies divided patients into four groups, A, B, C, and D, and exacerbation trends in two
British studies were inconsistent with disease severity (D>B>C>A) — at least four times lower exacerbation risks in each
group compared with our study. This was possibly due to population heterogeneity in different countries and the prospective
design, which also highlights the poorer prognosis of patients in China and the importance of COPD management.”* In
addition, our study innovatively estimated the difference between groups A/B and E, and revealed that baseline exacerbation
risk could predict the follow-up clinical outcomes of patients. Furthermore, few studies have explored the time intervals
between exacerbations in different severity groups, and our findings are significant in suggesting that patients with higher
disease severity should pay more attention to preventing the recurrence of exacerbations.

In general, COPD-related HRU increased in line with the severity indicated by our study, which is consistent with
findings in the UK.® In terms of costs, our study verified the increasing trends in COPD-related costs from mild to severe

severity in previous studies in Greece and China,’'°

with the cost difference almost twice as high as the previous Chinese
study. This may be because it only included patients in a stable condition or different annual cost estimations (inferred by
three-month follow-up costs) may be another reason; they may contain significant errors considering the natural
progression of COPD.'°

As one of the four major chronic diseases in China as well as internationally, COPD is given far less attention than
cardiovascular diseases, cancer, and diabetes, which leads to insufficient diagnosis and treatment, poor prognosis, and
high disease severity. Relative to COPD, remarkable improvements in public awareness and clinical management have
been achieved for two other major chronic diseases, hypertension and diabetes. One important explanation for this
situation is that hypertension and diabetes were included in the NBPHS project launched by the Chinese government in
2009 with the aim of improving health service continuity and regional equality.>® The current NBPHS is dedicated to
disease management at an early age and now covers 12 services following major adjustments from 2009 to 2024, which
provide disease screening, diagnosis and regular treatment for residents at primary healthcare institutions. The evidence
gap for COPD was one of the major barriers to inclusion in the NBPHS, which was partially filled by the present study.
This research also emphasizes the necessity of including COPD in the NBPHS in China to ensure early management to
prevent disease progression and decrease the economic burden for patients and the healthcare system.
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The major strength of this study is the innovative division of patients into groups according to disecase severity based
on GOLD 2023 (from A to E), which may provide valuable evidence supporting the modified grouping framework and
corresponding management recommendations. We also performed the analysis based on the previous framework (not
reported). The small percentage of patients classified into group C and the minor differences between groups C and
D may also validate the efficiency and feasibility of the current merged framework. To distinguish between patients with
high and low symptom burden, we performed explorations to simulate proxy indicators for CAT/mMRC scores, based on
guidelines, published literature, and clinical opinions. This identification algorithm may provide a reference for future
studies using similar data sources. Furthermore, differences in the distribution of disease severity existed between the
current study and published literature, with group A/B accounting for a relatively higher proportion in our study than in
previous studies (64.8 vs 33.4-85.5%).%'"-192*2% This may be partly explained by the use of proxy indicators to measure
symptom burden, which could underestimate the proportion of group B patients. The different distributions may also be
explained by insufficient awareness and diagnosis of COPD in China and different epidemiological distributions in
different countries, which indicates the importance of localized management of COPD.

Our study had some limitations. First, early stage patients may not seek medical advice if they are asymptomatic or
their symptoms are tolerable and thus remain undiagnosed, leading to underestimation of COPD diagnosis based on ICD-
10 codes and Chinese words. In addition, owing to the lack of CAT or mMRC scores in the database, there may be an
underestimation in the proportion of group B (high symptom burden) patients based on proxy indicators in this study,
although clinical expert opinions were considered. While sensitivity analysis would be valuable, our anonymized
database precludes patient-level verification. However, one validation study showed moderate agreement between
claims-based data and clinical measures in COPD severity.”® Future studies incorporating both electronic health record
(EHR) data and patient-reported outcomes are needed to refine these classification approaches. Lastly, the generalizability
of our results is limited to the entire Chinese population. Clinical practice, related costs, and medical policies may be
heterogeneous across urban and rural residents, as well as across various regions in China. Although our research
findings represent the situation in urban tertiary care settings, significant disparities exist in rural areas. Specifically, the
accessibility of spirometry in rural regions is notably lower than that in urban centers, which restricts the generalizability

of our results to China’s rural population.* Further studies based on multi-region populations are also warranted.

Conclusions

Poor prognosis and high economic burden were observed among Chinese patients with COPD, and a higher disease severity
was associated with a higher risk of exacerbation, all-cause mortality, and economic burden. Paying more attention to
patients with milder disease severity (early stage) can improve the quality of care for COPD patients in primary healthcare
institutions. To prevent mild COPD from progressing to severe stages, public health departments should expand community-
based screening programs, particularly for high-risk populations using digital monitoring tools. Meanwhile, healthcare
authorities need to strengthen training for primary care physicians on early diagnosis and GOLD guideline adherence.
Additionally, policymakers could consider subsidizing essential COPD medications to improve treatment accessibility. These

steps would collectively mitigate disease progression and reduce its economic burden.
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