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Abstract

Background and objectives The DOSE index, which incorporates Dyspnea, Obstruction, Smoking, and Exacerba-
tions, is a widely used tool for assessing the severity and prognosis of Chronic Obstructive Pulmonary Disease (COPD).
In addition to risk assessment, it has potential clinical utility in predicting healthcare costs, which are primarily driven
by exacerbations. While several indices, such as the BODE (Body-mass index, Obstruction, Dyspnea, Exercise) and ADO
(Age, Dyspnea, Obstruction) indices, exist for risk prediction, there is a lack of dedicated tools for forecasting health-
care costs. This study explores the potential of the DOSE index compared to other indices, including BODE, ADO,

and the Charlson Comorbidity Index (CCl), for this purpose.

Materials and methods This cross-sectional retrospective study analyzed data from 396 COPD cases. We examined
associations between the DOSE index, BODE index, ADO index, CCl, and healthcare costs, including hospitalizations
and emergency room treatments. Healthcare costs were categorized as direct medical expenses.

Results Significant associations were observed between the DOSE index and various healthcare parameters. DOSE
quartiles showed strong correlations with outpatient visits (p=0.013) and outpatient medical expenses (p=0.011).

In addition, hospitalization frequency, duration, and associated costs were significantly correlated with higher DOSE
quartiles (p <0.001). A significant difference was found when comparing DOSE quartiles between patients with high
(CCI=3) and low (CCl < 3) comorbidity scores (p=0.018). The DOSE index outperformed other indices, likely due to its
inclusion of exacerbations, a key driver of healthcare costs.

Conclusion The DOSE index demonstrates potential in predicting healthcare costs, particularly due to its inclusion
of exacerbation frequency. This study highlights the importance of considering exacerbations alongside traditional
risk factors for more accurate cost forecasting in COPD management. Our findings suggest that the DOSE index may
be a valuable tool in both clinical and economic assessments of COPD patients, though further research is warranted
to validate these findings in larger datasets.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is
a progressive and debilitating respiratory condition
characterized by persistent airflow limitation and res-
piratory symptoms [1-3]. Globally, it affects millions
of individuals, imposing a significant burden on their
physical, emotional, and socioeconomic well-being [4,
5]. COPD’s severity is influenced by a complex interac-
tion of factors, including shortness of breath, airflow
obstruction, smoking history, and exacerbation fre-
quency [6, 7]. Accurately assessing this multifaceted
burden is essential for developing effective treatment
plans that improve patients’ quality of life [8, 9] .

The DOSE (Dyspnea, Obstruction, Smoking, Exac-
erbation) index offers a multidimensional approach to
evaluating COPD severity This index incorporates four
key components, each contributing to a comprehensive
assessment [10, 11]. Dyspnea, the hallmark symptom of
COPD, impacts patients’ physical and emotional well-
being, with its severity assessed using standardized
questionnaires or scales [12]. Airflow obstruction, a
central feature of COPD, is measured through spirome-
try, particularly by evaluating forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC).
Smoking history, both current and past, plays a criti-
cal role in understanding disease progression, while the
frequency of exacerbations—acute worsening episodes
often leading to hospitalizations—provides further
insight into disease burden [13-15].

By integrating these elements, the DOSE index deliv-
ers a comprehensive evaluation of COPD severity,
allowing clinicians to capture a broader and more accu-
rate picture of each patient’s health status. This holistic
perspective facilitates the development of personalized
treatment plans that include pharmacological interven-
tions, pulmonary rehabilitation, and lifestyle modifica-
tions to meet the individual needs of COPD patients.
Additionally, the DOSE index has demonstrated poten-
tial as a prognostic tool for predicting disease progres-
sion, hospitalization risk, and overall mortality [16]
[17].

While other indices, such as the BODE (Body-mass
index, Obstruction, Dyspnea, Exercise) and ADO (Age,
Dyspnea, Obstruction) indices, are widely used to assess
COPD severity and prognosis, the DOSE index uniquely
incorporates exacerbations—a key factor in healthcare
cost escalation [18, 19]. Exacerbations, often result-
ing in hospital admissions, drive significant healthcare
expenditures in COPD management [14, 20]. Therefore,
understanding the relationship between the DOSE index
and healthcare costs is essential for optimizing resource
allocation in COPD care. This study aims to explore
whether the DOSE index can serve as a valuable tool for
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predicting healthcare costs in COPD, in addition to its
established role in risk assessment.

Materials and methods

Study design

This cross-sectional retrospective study aims to investi-
gate the correlation between the DOSE index and health-
care costs in COPD patients. While the efficacy of the
DOSE index in assessing COPD risk is well-established
[21-23], its role in predicting healthcare costs remains
largely unexplored. By utilizing patient data from Kaoh-
siung Chang Gung Memorial Hospital [24], the study
examines whether the DOSE index provides an added
benefit over other indices such as BODE, ADO, and the
Charlson Comorbidity Index (CCI) in forecasting health-
care expenditures, particularly through its incorporation
of exacerbation frequency.

Study population

The study population consisted of COPD patients from
the Kaohsiung Chang Gung Memorial Hospital elec-
tronic database. The study received approval from the
Institutional Review Board (IRB: 201701293B0) of Chang
Gung Medical Center. Retrospective data collection for
the 6-min walk test (6MWT) spanned from January 31,
2015, to August 31, 2017, covering a period of 32 months.
A total of 1063 patients were initially reviewed. Inclu-
sion criteria for COPD patients included diagnosis codes
ICD-9-CM: 490-496 and ICD-10-CM: J41-J44, with
FEV1/FVC<70% post-bronchodilator treatment, and
complete clinical record data on the DOSE index, BODE
index, ADO index, CCI, and healthcare costs. Exclusion
criteria involved patients under the age of 40, as younger
patients generally exhibit different disease progres-
sion than older populations, incomplete clinical data, or
patients whose lung function did not meet COPD diag-
nostic criteria according to the GOLD guidelines [25,
26]. Figure 1 showed the flow chart of selected partici-
pants in this study.

Clinical variables

COPD patients were categorized into quartiles based
on their DOSE index scores: Quartile 1 (Q1) included
scores from 0 to 2, Quartile 2 (Q2) from 3 to 4, Quartile
3 (Q3) from 5 to 6, and Quartile 4 (Q4) from 7 to 8 [27,
28]. Additionally, the Charlson Comorbidity Index (CCI)
was divided into high (CCI>3) and low (CCI < 3) catego-
ries [29, 30]. The following clinical variables were exam-
ined: age, gender, pack-years of smoking, lung function
tests (FEV1, FVC, DLCO), 6-min walk distance (6MWD),
body mass index (BMI), modified Medical Research
Council (mMRC) dyspnea scale, frequency of outpatient
visits, hospitalization frequency, hospitalization duration,
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approved by the Institutional Review Board of Chang Gung
Medical Foundation (the IRB No: 201701293B0)

A4

From 31 January 2015 to 31 August 2017

Original 6MWT patient file n=1063

Exclusion criteria:

Eligible diagnostic code ICD-9-CM: 490-496,

ICD-10-CM: J41-J44 patient n=507

1. less than 40 years old.

2. pulmonary function testing did

not match with COPD

diagnostic criteria according to

396 patients were enrolled according to COPD GOLD guideline

the COPD GOLD guideline.

3. incomplete clinical record data.

A

DOSE quartile
quartile1(0-2)
quartile2(3-4)
quartile3(5-6)
quartile4(7-8)

v

Comparing medical costs with DOSE quartile

Fig. 1 Flow chart of selected participants in this study. Abbreviations: 6MWT, 6-min walk test; ICD-9-CM, International Classification of Diseases,
Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; COPD, Chronic
obstructive pulmonary disease; DOSE index, composite index of, dyspnea, airflow obstruction, smoking status, and exacerbation frequency

and healthcare costs, including hospitalizations and
emergency room treatments. Both direct medical costs,
such as outpatient and hospitalization expenses, were
considered in this analysis.

Ethical approval

This study followed ethical standards outlined in the
Declaration of Helsinki and adhered to Good Clini-
cal Practice guidelines. As a retrospective study, patient
informed consent was not required for the review of
medical records, and this waiver was approved by the
Institutional Review Board (IRB: 201701293B0) at Kaoh-
siung Chang Gung Memorial Hospital.

Statistical analysis

Baseline characteristics were presented as mean + stand-
ard deviation (SD), median (interquartile range, IQR), or
percentages (N %). The distribution of the DOSE index
and CCI was analyzed using descriptive statistics. Com-
parisons between the DOSE index quartiles and CCI
groups were assessed using chi-square tests, Fisher’s
exact test, and one-way analysis of variance (ANOVA).
Post hoc comparisons were performed using the Schefté

test. Linear trends were examined through one-way
ANOVA and linear contrast. IBM SPSS Statistics for
Windows, Version 26.0 (Armonk, NY, USA), was used to
perform all statistical analyses to ensure rigor and reli-
ability of the findings.

Results

This study investigated the relationships between vari-
ous clinical indices (including Pulmonary Function
Test (PFT) results, Body Mass Index (BMI), Charlson
Comorbidity Index (CCI), Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stage, DOSE index,
ADO index, and BODE index) and healthcare costs in
patients with Chronic Obstructive Pulmonary Disease
(COPD). The goal was to determine how these indices,
which reflect the clinical status of COPD patients, corre-
late with healthcare expenditures, particularly in relation
to exacerbations, airflow limitation, comorbidities, and
smoking history.

A total of 396 COPD patients were enrolled in the
study. Among these patients, 87.6% were smokers, with
an average smoking duration of 31.7+18.5 years. The
distribution of patients across the GOLD stages was
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Table 1 Baseline characteristics of chronic obstructive
pulmonary disease (COPD) patients

Factors Mean *Standard Deviation
(SD) or n (%) n=396
Age (years) 73.1+£95
Male (%) 382 (96.5)
Smoking
Yes 347(87.6%)
No 49(12.4%)
Smoking history (pack-years) 3174185
Body-mass index (BMI) 235+4.1
FVC (% of predicted value) 79.7+16.7
FEV1 (% of predicted value) 552+18.2
FEV1/FVC (%) 52.7+106
GOLD stage (%)
Mild () 46 (11.6)
Moderate (1) 187 (47.2)
Severe (IIl) 140 (35.4)
Very severe (IV) 23(5.8)
DLCO (%) 68.5£21.0
6-MWD (m) 3519+1116
mMRC 1.72+09

mMRC dyspnea scale
Scale 0/1/2/3/4
Exacerbations in previous year

25/133/173/56/9

0-1 370(93.4%)
2-3 21(5.3%)
>3 5(1.3%)
ccl 33428
DOSE INDEX 26+1.1
BODE INDEX 3.0+2.1
ADO INDEX 49+18
DOSE quartile: Q1, Q2, Q3,04 (%)
quartile 1 214 (54%)
quartile 2 164 (41.4%)
quartile 3 18 (4.5%)
quartile 4 0 (0%)
BODE quartile: Q1, Q2, Q3, Q4(%)
quartile 1 188 (47.5)
quartile 2 109 (27.5)
quartile 3 71(17.9)
quartile 4 28(7.1)
ADO quartile: Q1, Q2, Q3, Q4 (%)
quartile 1 40 (10.7)
quartile 2 124(31.3)
quartile 3 152 (38.4)
quartile 4 80(20.2)

Abbreviations: FVC Forced vital capacity, FEV1 Forced expiratory volumein 1,

6 MWD 6-min walking distance, MRC score, Medical Research Council dyspnoea
scale, GOLD Global Initiative for Chronic Obstructive Lung Disease, CC/ Charlson
comorbidity index, DOSE index Composite index of dyspnea, airflow obstruction,
smoking status, and exacerbation frequency, BODE index Composite index of body
mass index, airflow maximum expiratory pressure obstruction, dyspnoea, and exercise
capacity, ADO index Composite index of age, dyspnoea, and airflow obstruction
Quartile 1 was defined by a score of 0-2, quartile 2 by a score of 3-4, quartile 3
by a score of 5-6, and quartile 4 by a score of 7-10
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as follows: Stage I (11.6%), Stage II (47.2%), Stage III
(35.4%), and Stage IV (5.8%). The mean age of the study
population was 73.1+£9.5 years, and the majority were
male (96.5%, or 382 individuals).

The average BMI of the study population was 23.5+4.1,
and the mean forced expiratory volume in one second
(FEV1) was 55.2+18.2% of predicted values. The aver-
age diffusing capacity of the lungs for carbon monox-
ide (DLCO) was 68.5+21.0%. The 6-min walk distance
(6MWD) averaged 351.9+111.6 m. The modified Medi-
cal Research Council (mMRC) dyspnea scale had an
average score of 1.72+0.9, indicating a mild to moder-
ate impact of dyspnea on the patients’ daily activities.
In terms of exacerbations, most patients (93.4%) experi-
enced 0-1 acute exacerbations in the past year, while the
remaining 6.6% had 2 or more exacerbations.

The Charlson Comorbidity Index (CCI) for the COPD
patients had an average score of 3.3+2.8, reflecting a
high prevalence of comorbidities in the cohort. The
mean DOSE index was 2.6+ 1.1, while the BODE index
averaged 3.0£2.1 and the ADO index averaged 4.9+ 1.8.
These indices, collectively, provide a multidimensional
assessment of COPD severity and prognosis (Table 1).

To better understand the relationship between these
indices and healthcare costs, patients were divided
into quartiles based on their DOSE, BODE, and ADO
index scores. For the DOSE index, Quartile 1 (scores
0-2) included 214 cases (54%), Quartile 2 (scores 3—4)
included 164 cases (41.4%), and Quartile 3 (scores 5-6)
included 18 cases (4.5%). Notably, there were no cases in
Quartile 4 (scores 7-8), indicating that the highest sever-
ity category of the DOSE index was not represented in
this cohort.

For the BODE index, Quartile 1 included 188 cases
(47.5%), Quartile 2 included 109 cases (27.5%), Quar-
tile 3 included 71 cases (17.9%), and Quartile 4 included
28 cases (7.1%). Regarding the ADO index, Quartile 1
comprised 40 patients (10.1%), Quartile 2 included 124
patients (31.3%), Quartile 3 had 152 patients (38.4%), and
Quartile 4 included 80 patients (20.2%).

These results demonstrate the distribution of patients
across different severity levels according to each index.
The subsequent analysis will focus on how these quartiles
correlate with healthcare costs, particularly in terms of
outpatient visits, hospitalization frequency, and associ-
ated expenses.

Table 2 presents correlation between the DOSE index
quartiles and healthcare costs. A statistically significant
association was found between DOSE quartiles and the
number of outpatient visits (p=0.013), indicating that as
the DOSE index score increases, the frequency of out-
patient visits rises. Additionally, a significant correlation
was observed between DOSE quartiles and outpatient
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Table 2 Value of medical costs and Dose quartile
Classification DOSE quartile Frequency or Costs (Mean (95% Cl)) p-value
number of outpatient visits 1 17.93 (15.22-20.63) 0.013
2 21.05(17.41-24.68)
3 23.22(15.01-3143)
outpatient medical expenses 1 52321.91 (43595.06-61048.76) 0.011
2 78380.31 (60366.38-96394.24)
3 72905.17(44177.86-101,632.48)
number of hospitalizations 1 0.47 (0.36-0.58) <0.001
2 1.2(0.92-147)
3 5.06 (3.3-6.82)
number of hospitalization days 1 4.21(291-)5.52 <0.001
2 12.03 (9.08-14.98)
3 70.5 (42.5-98.5)
hospitalization expenses 1 19262.11 (9833.22-28,691) <0.001
2 39594.65 (26719.33-52469.96)
3 95011.72 (57306.43-132717.01)
total hospitalization expenses 1 71584.02 (58192.97-84975.06) <0.001
2
3

167916.94 (119845.16-215988.73)

medical expenses (p=0.011), suggesting higher medical
costs are incurred by patients with more severe COPD as
indicated by higher DOSE index scores.

For hospitalization parameters, including the number
of hospitalizations, number of hospitalization days, hos-
pitalization expenses, and total hospitalization expenses,
a strong statistically significant correlation was found
(p<0.001). These results indicate that patients in higher
DOSE quartiles experienced more frequent and pro-
longed hospitalizations, leading to increased hospitali-
zation costs. The data highlight a clear upward trend in
healthcare costs associated with more severe COPD as
reflected by higher DOSE index scores.

When the Charlson Comorbidity Index (CCI) was
dichotomized into high (CCI>3) and low (CCI<3) lev-
els, a statistically significant difference was observed
between the high and low CCI groups across DOSE quar-
tiles (p=0.018). This finding underscores the importance
of considering comorbidities when evaluating the impact
of COPD severity on healthcare costs.

Further analysis of the relationship between DOSE quar-
tiles and outpatient medical expenses revealed a positive
and linear association with hospitalization expenses. As
DOSE quartile levels increased, hospitalization expenses
showed a corresponding rise (p<0.001). A similar lin-
ear trend was observed for the number of hospitalization
days across the DOSE quartiles (p<0.001), as illustrated in
Fig. 2. This trend demonstrates that patients with higher
DOSE index scores not only incur higher medical expenses
but also experience more extended hospital stays.

Table 2 consistently reflects a rise in total medical
expenses as DOSE quartile levels increase, supporting
the conclusion that the DOSE index is a useful tool for
predicting healthcare costs associated with COPD.

Discussion
This study demonstrates the multifaceted utility of the
DOSE index, revealing its dual role in assessing COPD
severity and predicting healthcare costs. COPD is a com-
plex, progressive disease that often presents with comor-
bidities, particularly cardiopulmonary complications, as
patients age. The gradual decline in lung function further
exacerbates respiratory difficulties. Our findings high-
light a significant correlation between the DOSE index
and healthcare costs, particularly when combined with
the Charlson Comorbidity Index (CCI), underscoring the
importance of integrating both indices for a more accu-
rate estimation of healthcare expenses in COPD patients.
The healthcare burden of COPD is substantial, par-
ticularly during moderate to severe stages of the disease
and in patients experiencing frequent exacerbations. The
DOSE index, through its inclusion of the "Exacerbations"
component, demonstrates a strong association with
healthcare costs [13, 31], such as increased emergency
room visits, hospitalizations, and ICU admissions. Exac-
erbations are a critical driver of costs in COPD manage-
ment, as they are associated with heightened respiratory
symptoms, including wheezing, coughing, and increased
sputum production. These symptoms lead to worsening
lung function and an accelerated decline in overall health
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[32, 33]. Forced expiratory volume in one second (FEV1)
continues to serve as a key metric for clinicians to evalu-
ate COPD severity, and its decline is strongly linked to
an increased frequency of exacerbations [34, 35]. As dis-
ease severity escalates, patients require more extensive
and costly medical interventions, further validating the
importance of the "Exacerbations”" component within
the DOSE index in predicting healthcare costs for COPD
patients.

While previous research has established the efficacy of
other indices like BODE and ADO in predicting clinical
outcomes and resource utilization in COPD patients [24,
36, 37], the DOSE index stands out due to its incorpora-
tion of exacerbation frequency, which is a critical deter-
minant of healthcare costs [38]. This study extends the
existing literature by confirming the correlation between
the DOSE index and healthcare costs, providing strong
evidence that the DOSE index is a valuable tool for pre-
dicting healthcare expenses in COPD management.
Additionally, by comparing the DOSE index with other
indices like BODE and ADO, we demonstrate that the
inclusion of exacerbations offers a more comprehensive
assessment of a patient’s healthcare needs, which can
guide clinical decision-making and resource allocation
more effectively.

Our findings, however, come with several limitations.
First, as this is a retrospective study, further prospective
research is needed to validate these results in a broader
clinical setting. Previous studies on the DOSE, BODE,
and ADO indices have primarily focused on predicting
mortality and disease prognosis, with limited exploration
of their relationship with medical costs. Additionally, this
study predominantly included male patients who under-
went the 6-min walk test (6MWT), which may impact
the generalizability of our findings due to gender-related
factors, particularly in Taiwan [39], where the majority of

smokers are male. Lastly, as the study relies on data from
a single medical center, the results may not be fully rep-
resentative of the broader COPD population. Our analy-
sis focused on direct medical costs, as governed by the
National Health Insurance Administration [40-42], and
did not explore indirect costs such as loss of productivity
or quality of life.

Conclusion

This study confirms that the DOSE index is strongly asso-
ciated with various healthcare parameters, including the
number of outpatient visits, outpatient medical expenses,
hospitalization frequency, hospitalization days, hospi-
talization expenses, and total healthcare costs. The DOSE
index emerges as a valuable tool for predicting healthcare
costs in COPD patients and offers clinicians a compre-
hensive framework for effective disease management and
resource allocation. By integrating both clinical severity
and exacerbation frequency, the DOSE index provides
actionable insights for optimizing the care of COPD
patients.
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