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Introduction: The Dyspnea-12 is a brief patient reported tool assessing physical and emotional components of breathlessness.
However, the reliability and effectiveness of the Chinese version of Dyspnea-12 (D-12-C) needs to be verified.

Purpose: This study aimed to assess the reliability and validity of D-12-C in patients with chronic obstructive pulmonary disease
(COPD) and investigate its associations with clinical outcomes of COPD.

Patients and Methods: Patients from three centers completed baseline assessments (pulmonary function test, the COPD Assessment
Test (CAT), the Modified Medical Research Council Dyspnea Scale (nMRC), the Hospital Anxiety and Depression Scale (HADS), St
George’s Respiratory Questionnaire (SGRQ), Borg dyspnea scale, 6-minute walking distance (6MWD) and the history of exacerba-
tions. The internal consistency, construct validity, convergent validity and reliability of the D-12-C were evaluated. The binary
multivariate logistic regression analysis was performed to explore the influencing factors for hospitalization during follow-up.
Results: A total of 279 patients were recruited. Exploratory factor analysis divided the D-12-C into physical and affective dimensions.
A high level of internal consistency was manifested by the Cronbach’s alpha values of the D-12-C with total scores, physical, and
affective dimensions of 0.94, 0.96, and 0.92, respectively. The score of D-12-C increased as the GOLD or mMRC grade rose, and
patients suffering from anxiety or depression had more severe dyspnea. The score of D-12-C was significantly correlated with CAT,
mMRC, HADS, SGRQ and hospitalization during follow-up. Additionally, baseline D-12-C was an independent predictor of
hospitalization during the one year follow-up (OR=1.086, 95% CI: 1.035-1.139, p < 0.001).

Conclusion: The D-12-C demonstrated good internal consistency and validity in COPD. The score of D-12-C correlates with the
clinical parameters of disease severity and predicts severe exacerbations of hospitalization, supporting its use in risk stratification and
management planning to prevent adverse outcomes.
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Introduction

Dyspnea is defined as a subjective experience of breathing discomfort that consists of qualitatively distinct sensations
that vary in intensity by the American Thoracic Society (ATS).! Dyspnea is a hallmark symptom of chronic obstructive
pulmonary disease (COPD) which not only limit the daily activities and affect emotions of patients with COPD but is
also associated with increased risk of acute exacerbation of COPD (AECOPD) and mortality.” ® Importantly,
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psychologic, social, and environmental factors contribute to the severity of dyspnea beyond physiologic abnormality.'”

Clinical instruments assessing breathlessness need to address these multiple dimensions.

Spirometry represented by FEV1 measures airflow limitation, but it is a poor surrogate for the symptom burden and
overall disease impact experienced by the patient.'® Several patient-reported questionnaires have been designed and used
in COPD clinically and in research assessing the severity of dyspnea. The modified Medical Research Council (mMRC)
dyspnea scale, though valuable for assessing functional limitation, represents a unidimensional assessment that evaluate
only the physical intensity of dyspnea and may lack sensitivity to the full symptomatic experience.>'' The Visual
Analogue Scale (VAS) and the Borg Dyspnea Scale are used to measure the severity of patients’ perception of dyspnea.
Nonetheless, these methods cannot capture the complex nature of dyspnea.lz’13 The COPD Assessment Test (CAT) is
often used to assess the physical health status of patients with COPD, including coughing, expectoration, chest tightness,
etc., beyond a single assessment of breathlessness.'* In addition, the Hospital Anxiety and Depression Scale (HADS),
a questionnaire designed to detect potential psychological comorbidities of diseases, has been used to evaluate the
affective dimension of diseases in previous studies. However, it cannot specifically evaluate anxiety or depression in
relation to dyspnea.'>”!” Finally, The St George’s Respiratory Questionnaire (SGRQ) is not explicitly applied to assess
dyspnea but includes other symptoms and their repercussions.'®

The Dyspnea-12 questionnaire (D-12) is a simple, convenient, and effective tool that patients can complete quickly on
their own that is more comprehensive in assessing breathlessness. The process of developing the D-12 involves gathering
dyspnea descriptors from a variety of patients with different cardiorespiratory diseases and reducing them from 81 to 34 items
using hierarchical methods and principal component analysis.'® D-12 directly provides descriptions of the severity of dyspnea
and emotions related to dyspnea through words or sentences. It has been confirmed that D-12 can be used to evaluate both
physical and affective dimensions of dyspnea in various diseases.”” %> The D-12 has been translated into several languages,
and the internal consistency and validity of each version have been confirmed.”*>* A prior study by Choi et al from
Hong Kong has developed the traditional Chinese version of D-12, which was translated into Cantonese,>> However, our
work has addressed several critical gaps that distinguish it from the prior research. First, although the Cantonese version has
been validated, its applicability is limited to specific regions and it can hardly be integrated into healthcare systems.>® In
contrast, Mandarin is the official language used in mainland China’s healthcare and public health systems, our study provides
a validated instrument for the vastly larger population using Simplified Chinese. This fulfills a significant national need for
linguistically and culturally appropriate tools. Furthermore, our multicenter design enhances the generalizability of the
findings across diverse clinical settings within China. Most importantly, our study conduct assessment for predictive validity
of D-12-C with exacerbation frequency by multivariate regression analysis controlling for confounding factors, aiming to
uncover its accurate and powerful relationship with clinical outcomes, which has not been explored in previous studies.
Various patient-reported tools have been demonstrated to be associated with exacerbation and mortality.>”*® A large retro-
spective cohort study (n=67,362 hospitalized patients) which demonstrated that even mild dyspnea (scores 1-3 on a 0—10
scale) was associated with significantly increased hospital mortality (adjusted OR=2.1, 95% CI: 1.7-2.6), with higher dyspnea
scores showing even greater risk (scores >4: adjusted OR=3.1, 95% CI: 2.4-3.9).** And a recent multinational study across 25
countries (n=19,714 adults) which found that dyspnea was significantly associated with both physical (coefficient = —7.59;
95% CI —8.60, —6.58; = 78.5%) and mental (coefficient =—3.50; 95% CI —4.36, —2.63; = 71.4%) health-related quality of
life impairments, with particularly pronounced effects on physical health dimensions.*” Whether D-12 is related to clinical
outcomes of COPD especially the future risk of exacerbation is unknown.

In view of the results of earlier research, as well as the necessity and potential advantages of utilizing multi-
dimensional dyspnea assessment tools, this study attempted to bridge the gap in the simplified Chinese version (D-12-
C) and verify its reliability and effectiveness.

Materials and Methods
Participants

This is a multicenter prospective study of patients with stable COPD who were consecutively recruited from outpatient
service of three centers in China: West China Hospital of Sichuan University, No. 3 Affiliated Hospital of Chengdu
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University of Traditional Chinese Medicine (West District)/Pidu District Traditional Chinese Medicine Hospital of
Chengdu, and Xinjin District Traditional Chinese Medicine Hospital of Chengdu. All eligible patients meeting inclusion
and exclusion criteria were included. This study was approved by the Clinical Trial and Biomedical Ethics Committee of
West China Hospital of Sichuan University (approval number: 2021(1394)), Medical Ethics Committee of Pidu District
Hospital of Traditional Chinese Medicine (approval number: 2020027), and Medical Ethics Committee of Xinjin District
Traditional Chinese Medicine Hospital of Chengdu (approval number: 2021-08-20-01) and was registered (https:/www.
chictr.org.cn/, identifier: ChiCTR2300071725). All participants were informed of the purpose and process and signed
informed consent forms.

Patients must meet the following criteria to be included in the study: (1) diagnosed with COPD according to the
Global Initiative for Obstructive Lung Disease (GOLD) guidelines,” and did not use antibiotics/corticosteroids or
hospitalization due to worsening respiratory symptoms in the past four weeks (2) ages between 40 and 85 years without
limitation of gender; (3) willing to cooperate with lung function test and able to fill out questionnaires independently.

The exclusion criteria were as follows: (1) suffering from another chronic respiratory disease; (2) with severe
comorbidities such as cardiovascular diseases, malignant tumors, or other organic diseases often accompanied by

dyspnea; (3) suffering from neurological disorders or inability to understand Mandarin that might affect communication.

Measurements

Dyspnea-12 Questionnaire

The Dyspnea-12, consisting of 12 items, is a tool designed for evaluating the severity of dyspnea from two components
(physical component: seven items; affective component: five items).'” Each item has four options for options: none (0);
mild (1); moderate (2); severe (3). The total score, physical score and affective score in the dyspnea-12 questionnaire
ranges from 0 to 36, 0 to 21, and 0 to 15, respectively.?'***! The reconciliation process translated the initial English
version of dyspnea-12 into Chinese (spoken in Mandarin, written in simplified Chinese) according to the “forward-
backward” translation standard which including two independent forward and backward translations.**** Forward
translation was independently conducted by two bilingual researchers with medical translation expertise. Synthesis of
translations was achieved through meetings of research group to resolve minor discrepancies. Back translation was
performed by a professor with an Australian educational background blinded to the original version of dyspnea-12. Then,
a multidisciplinary expert committee composed of translation experts, respiratory clinicians, and linguists conducted
a comprehensive review of the translation results. Differences between translations were discussed and resolved within
the research group where the researchers were located. Following the completion of the questionnaire, a trained
researcher conducted one-on-one, semi-structured interviews with 15 patients. All patients confirmed that the question-
naire was quick to complete (approximately 3—5 minutes). There were six patients had difficulty in understanding
“catching up breath” (item 4), we therefore added detailed explanation after this question. Nine patients struggled to
differentiate “make me feel miserable” (item 9) and “distressing” (item 10), and the descriptions in Chinese were refined
correspondingly. After revision, patients were required to complete two assessments of D-12-C with an interval of eight
weeks. After each assessment, they were interviewed to confirmed comprehensibility of the final version, and the intra

group correlation coefficient (ICC) before and after 8§ weeks will be calculated to evaluate test-retest reliability.

The COPD Assessment Test (CAT)
In addition to the assessing dyspnea, the CAT also contains seven other questions related to COPD symptoms, including
cough, sputum, exercise ability, etc. and patients need to score each symptom based on its severity in the range of 0 to 5

. . . .. . 14.44
points, with higher scores indicating more severe symptoms.

The Modified Medical Research Council Dyspnea Scale (mMRC)
The mMRC is a five-point (0—4) questionnaire developed to measure breathlessness, with scores closely related to other
multidimensional health status indicators and patients need to conduct self-assessments based on their actual

situation.' '
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The Hospital Anxiety and Depression Scale (HADS)
The HADS, a questionnaire consisting of 14 items, was designed to evaluate anxiety and depression. Not only emotional
disorder, it is also used in clinical or research to measure the emotional state of patients with COPD.***’

The St George’s Respiratory Questionnaire (SGRQ)
The SGRQ is a comprehensive measurement that includes 50 items to measure three dimensions (symptoms, activity, and
impacts), and the scores for each dimension are calculated by weighting.'®*® Patients need to complete the questionnaire
based on their situation in the past month, and higher scores mean poorer health status and quality of life.

All patient-reported outcome measures used in this study were the officially validated and widely used Chinese
versions. This was done to ensure linguistic and cultural appropriateness for our participant population.

The Six-Minute Walking Test (6MWT)

The 6MWT is commonly developed to assess exercise tolerance. According to the guideline published by the ATS,*
subjects will be asked to walk back and forth for 6 minutes on a 30-meter-long corridor. Heart rate, oxygen saturation,
and blood pressure will be recorded to monitor vital signs, and breathlessness will be measured by the Borg score at the
end of the test.

Pulmonary Function Tests (PFTs)

PFT will be conducted strictly by trained professionals who have received standard training according to the guideline
published by the ATS in 2019.%° Patients are required to perform the test in a sitting position as much as possible and use
nasal clips or manually occlude the nostrils. For better completion, operators can guide the patients through detailed
explanations, vivid presentation and continuous encouragement. A complete test requires at least three repeatable
operations and the post-bronchodilator forced expiratory volume in one second (FEV,) and forced vital capacity
(FVC) will be recorded.

Follow-Up of Exacerbation

History of exacerbations was recorded for the one year preceding enrollment. Telephone follow-ups were conducted
every three months after enrollment. Data on exacerbations, medication use, unplanned outpatient visits, emergency
department visits, and hospitalizations for exacerbations were recorded. An exacerbation of COPD is defined as the
worsening of respiratory symptoms that results in additional therapy, such as short acting bronchodilators, antibiotic, oral
corticosteroids, or hospitalization according to GOLD 2021.% The severity of exacerbation is classified as mild, moderate
and severe according to the following GOLD guidelines: (1) mild: only short-acting bronchodilators (SABDs) are needed
to alleviate the worsening symptoms; (2) moderate: except SABDs, oral corticosteroids or antibiotics are required; (3)
severe: hospitalization or visiting emergency because of exacerbations.> Patients who have two or more exacerbations
per year are considered as frequent exacerbator phenotype.’'>> High exacerbation risk is defined as a patient who
experienced at least two exacerbations or one hospitalization within one year.”?

Statistical Analysis
The descriptive analysis was applied to demographic characteristics and each measurement tool. The use of mean
[standard deviation (SD)], median [interquartile range (IQR) (25-75%)], and numbers (percentage) depended on the type
of data and whether the data distribution satisfied normality.

The missing values for all items were calculated, as was the proportion of the highest score (36) and lowest score (0)
for D-12-C to evaluate the ceiling and floor effects.

The internal consistency of D-12-C was estimated by Cronbach’s alpha coefficients for all items as well as items 1 to
7 (physical component) and items 8 to 12 (affective component). Generally, Cronbach’s alpha coefficient greater than 0.7
is considered good internal consistency on the scale, while the higher the score, the stronger the internal consistency.
Fifteen subjects were asked to complete the D-12-C questionnaires again after 8 weeks and the ICC was calculated to
evaluate the test-retest reliability.
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The exploratory factor analysis was used to assess construct validity. Using Kaiser—Meyer—Olkin (KMO) and
Bartlett’s Test of Sphericity to determine whether factor analysis can be performed. Choose to extract common factors
using the principal component method and then rotate using the maximum variance to test the structural effectiveness of
D-12-C. The construct validity was estimated by examining the associations between items within the same scale. The
confirmatory factor analysis was used to confirm assess construct validity. Acceptable or good model fit was assessed by
the x* / Df (acceptable fit if < 3), root mean square error of approximation (RMSEA, acceptable fit if < 0.08),
comparative fit index (CFI, acceptable fit if > 0.90), tucker-lewis index (TLI, acceptable fit if > 0.90), standardized
root mean square residual (SRMR, acceptable fit if < 0.08).

To examine convergent validity, we calculated Spearman correlations between D-12-C and FEV1%pred, FEV/FVC,
CAT, mMRC, HADS, SGRQ, Borg score, 6o MWD and the history of exacerbations.

To test for differences in D-12-C levels between two or more groups, independent sample t-tests, Mann Whitney
U-tests, or Kruskal-Wallis test were applied based on the normality test results, and the Bonferroni was used for pairwise
comparisons. The influencing factors of hospitalization during the follow-up period will be explored through the binary
multivariate logistic regression analysis, and univariate analysis will screen out noteworthy factors as the independent
variables to be included in the regression analysis.

All the statistical analyses were undertaken using the SPSS Statistics 27.0 (IBM Corporation, Armonk, NY) and
GraphPad Prism 9 software. All statistical tests were two-tailed, and statistical significance required P-values<0.05.

Results

A total of 279 patients with an average age of 65.78+7.88 were recruited in this study and 227 (81.4%) were males. There
were 56 (20.1%) non-smokers, 184 (65.9%) ex-smokers and 39 (14.0%) current-smokers, and 158 (56.6%) patients with
mMRC>2.

The median D-12-C total score was 8 (3—14), the scores for the physical and affective components of D-12-C were 6
(2-10) and 2 (1-6), respectively. Two patients (0.72%) had the highest total score of 36, while 44 patients (15.77%) had
the lowest score of 0 in D-12-C. The results of demographic characteristics and clinical measurements are shown in
Table 1.

Table | Demographic Characteristics and Clinical
Measurements

Patient Characteristics COPD (n=279)
Age, mean (SD) 65.78 (7.88)
Sex, n (%)

Female 52 (18.6)

Male 227 (81.4)
Smoking status, n (%)

Non-smoker 56 (20.1)

Ex-smoker 184 (65.9)

Current-smoker 39 (14.0)
BMI, mean (SD) 23.06 (3.39)
FEV,%pred, mean (SD) 52.51 (20.90)
FEV,/FVC, mean (SD) 51.95 (10.95)
GOLD, n (%)

| 31 (12.2)

2 96 (37.,6)

3 92 (36.1)

4 36 (14.1)

(Continued)
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Table | (Continued).

Patient Characteristics COPD (n=279)
CAT, median (IQR) Il (7-16)
mMRC, median (IQR) 2 (1-2)
Grade 0 33 (11.8)
Grade | 88 (31.5)
Grade 2 114 (40.9)
Grade 3 40 (14.3)
Grade 4 4 (1.4)
HADS, median (IQR)
Anxiety I (0-3)
Depression 4 (1-6.5)
Total 6 (2-9)
Emotional status, n (%)
Anxiety (HADS-A>8) Il (3.94)
Depression (HADS-D=8) 51 (18.28)
SGRQ, mean (SD)
Symptoms 32.13 (21.51)
Activity 45.67 (26.00)
Impacts 26.33 (18.85)
Total 33.20 (19.75)
D-12-C, median (IQR)
Physical 6 (2-10)
Affective 2 (0-3)
Total 7 (2-13)
Exacerbation in the past year, median (IQR) I (0-2)
Borg, median (IQR) 3.5 (2.00-6.25)
6MWD, mean (SD) 460.11 (90.04)

Abbreviations: SD, Standard Deviation; IQR, Interquartile Range; BMI, Body
Mass Index; FEV%pred, Ratio of forced expiratory volume in first second; FEV/,
The post-bronchodilator forced expiratory volume in one second; FVC, Forced
Vital Capacity; GOLD, the Global Initiative for Chronic Obstructive Lung
Disease; CAT, the Chronic Obstructive Pulmonary Disease (COPD)
Assessment Test; mMRC, the Modified Medical Research Council Dyspnea
Scale; HADS, the Hospital Anxiety and Depression Scale; HADS-A, the
Hospital Anxiety and Depression Scale - Anxiety subscale; HADS-D, the
Hospital Anxiety and Depression Scale - Depression subscale; SGRQ, St
George’s Respiratory Questionnaire; D-12-C, the simplified Chinese version
of the dyspnea-12 questionnaire; 6MWD, 6-minute walking distance.

Reliability

As shown in Table 2, Cronbach’s Alpha (0.94, 0.96, 0.92) for the total, physical, and affective components of D-12-C
have shown a high level of internal consistency. The high level of test—retest reliability was also found in D-12-C (ICC =
0.843, P<0.001), showing its good time stability and consistency.

Table 2 Internal Consistency of D-12-C

D-12-C Dimensions | Items | Cronbach’ Alpha

D-12-C Total 12 0.94
D-12-C Physical 7 0.96
D-12-C Affective 5 0.92

Abbreviation: D-12-C, the simplified Chinese version of the
dyspnea-12 questionnaire.
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Construct Validity
The exploratory factor analysis was conducted on the data. The Kaiser—Meyer—Olkin value of 0.929 and the result of
Bartlett’s sphericity test (x°=3285.747; P<0.001) indicated the feasibility of factor analysis.”> And then, the principal
component analysis and varimax rotation were used to extract common factors. Factor loadings exceeding 0.5 were
classified as a common factor. Thus, the 12 items within D-12-C can be divided into the physical and affective factors
(Table 3). Items 1 to 7 had the higher factor loadings on factor 1 (factor loadings>0.5) representing physical components,
which mainly evaluate physical perception of dyspnea, and items 8 to 12 had high factor loadings in factor 2 (factor
loadings>0.5) representing affective components which reflect the emotional dimension of dyspnea.

The model of the confirmatory factor analysis is shown in Figure 1. After adding a connection between item 11
(“My breathing makes me agitated”) and item 12 (“My breathing is irritating”), the D-12-C model had good model fit
(x*/DF=2.992 < 3, RMSEA = 0.075 < 0.08, CFI = 0.968 > 0.90, TLI = 0.921 > 0.90, SRMR = 0.0432 < 0.05).

Convergent Validity

The D-12-C scores were significantly correlated with CAT, mMRC, HADS, SGRQ and hospitalization during follow-up.
The D-12-C physical and total scores were correlated with FEV%pred and FEV/FVC. The Borg dyspnea score was
related to the D-12-C affective and total scores (r,=0.310, P=0.007, r,=0.233, P=0.046). Weak correlations were found
between the total score of D-12-C and exacerbations in the past year (rs=0.159, P=0.008) (Table 4). The highest
correlation was found between the total D-12-C score and the SGRQ total score (1,=0.768, P<0.001) (Table 4).

Discriminant Performance

Patients with anxiety or depression (HADS anxiety score or HADS depression score > 8%) exhibited more severe
breathlessness ((non-anxiety vs anxiety: D-12-C-Physical: 5(2—10) vs 17(9-21), P<0.001; D-12-C-Affective: 0(0-3) vs 8
(3-12), P<0.001; D-12-C-Total: 6(2—12) vs 24(12-33), P<0.001), non-depression vs depression: D-12-C-Physical: 5(1-9)
vs 7(3-17.25), P=0.011; D-12-C-Affective: 0(0-3) vs 3(0-5.5), P<0.001; D-12-C-Total: 6(2—12) vs 8.5(4-23.25),
P=0.004)) (Table 5). The results in Figure 2 showed that the D-12-C score of patients with mMRC grade 3 significantly
increased compared to patients with mMRC grade 2 (P<0.001). The results in Figure 3 showed that the score of D-12-C
(both physical and total score) increased as the GOLD stage rose (P<0.001). There was no significant difference in the
D-12-C affective score across GOLD stage (P=0.826).

Table 3 Exploratory Factor Analysis for D-12-C Items

Item Number Factor Loadings
Factor | (Physical) | Factor 2 (Affective)

| 0913 * 0.230
2 0.866 “ 0.216
3 0.865 * 0.278
4 0.845 ¢ 0.232
5 0.842 ¢ 0.252
6 0.841 * 0.280
7 0.806 “ 0.249
8 0.157 0.907 ¢
9 0.113 0.879 ¢
10 0.303 0.852 ¢
I 0411 0.753 ¢
12 0.434 0.722 ¢

Notes: * factor loading > 0.5.
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Figure | Confirmatory Factor Analysis for D-12-C Items.

Exacerbation in the Past Year
Patients with high exacerbation risk had the higher total score of D-12-C (6 (1-11) vs 6 (2—13), P=0.035). However, there

was no statistically significant difference between the two groups in the single dimension (Figure 4A). The frequent

Table 4 Correlation Between D-12-C and Clinical

Measurements
Measurements D-12-C
Physical | Affective Total

FEV,%pred —0.295%** —-0.020 —0.257#*
FEV,/FVC —0.217+* —0.040 —0.205%*
CAT 0.460** 0.339%* 0.49**
mMRC 0.519%* 0.275%* 0.514**
HADS

Anxiety 0.323%* 0.567+* 0.425%*

Depression 0.354** 0.446** 0.410%*

Total 0.385%* 0.549%+* 0.465%*

(Continued)

3566 s International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Chen et al

Table 4 (Continued).

Measurements D-12-C
Physical | Affective Total

SGRQ

Symptoms 0.657%* 0.469** 0.680**

Activity 0.716** 0.383** 0.712%*

Impacts 0.687+* 0.489** 0.713%*

Total 0.754** 0.481%* 0.768**
6MWD —0.093 —-0.102 —0.081
Borg 0.146 0.310%* 0.233*
Exacerbation in the past year 0.134* 0.112 0.159%*
Hospitalization during follow-up | 0.220%* 0.149* 0.219%*
Exacerbation during follow-up 0.089 0.002 0.074

Notes: **significant at P<0.01; * significant at P<0.05.

Abbreviations: D-12-C, the simplified Chinese version of the dyspnea-12
questionnaire; FEV,%pred, the ratio of forced expiratory volume in the
first second; FEV|, the post-bronchodilator forced expiratory volume in
one second; FVC, forced vital capacity; CAT, the Chronic Obstructive
Pulmonary Disease (COPD) Assessment Test; mMRC, the Modified
Medical Research Council Dyspnea Scale; HADS, the Hospital Anxiety and
Depression Scale; SGRQ, St George’s Respiratory Questionnaire; 6MWD,
6-minute walking distance.

Table 5 The Difference in D-12-C Score Between Patients
with Anxiety and Depression

D-12-C Score Non-Anxiety Anxiety P-value
(HADS-A<8) (HADS-A>8)

Physical 5 (2-10) 17 (9-21) | <0.001%*
Affective 0 (0-3) 8 (3-12) <0.001%*
Total 6 (2-12) 24 (12-33) | <0.001%*

D-12-C score | Non-Depression | Depression P-value
(HADS-D<8) (HADS-D=>8)

Physical 5 (1-9) 7 (3-1725) | 0011*
Affective 0 (0-3) 3(0-55) | <0.001%*
Total 6 (2-12) 8.5 (4-2325) | 0.004*

Notes: **significant at P<0.01; * significant at P<0.05.

Abbreviations: D-12-C, the simplified Chinese version of the dyspnea-12 ques-
tionnaire; HADS-A, the Hospital Anxiety and Depression Scale - Anxiety sub-
scale; HADS-D, the Hospital Anxiety and Depression Scale - Depression subscale;

exacerbators had more severe dyspnea (D-12-C-Physical: 5 (1-8) vs 7 (3—14), P=0.007; D-12-C-Affective: 0 (0-3) vs 1
(0-5), P=0.018; D-12-C-Total: 6 (2-12) vs 9 (3—-18), P=0.002) (Figure 4B).

Exacerbation During Follow-Up

Patients with high exacerbation risk had the higher physical score and total score of D-12-C (D-12-C-Physical: 5 (1-8) vs
7 (3-14), P=0.013; D-12-C-Affective: 0 (0-3) vs 1 (0-5), P=0.268; D-12-C-Total: 6 (2—-12) vs 9 (3-18), P=0.018)
(Figure 4C). There was no statistically significant difference in the baseline D-12-C score between the frequent
exacerbators and infrequent exacerbators during 1-year follow-up (Figure 4D). However, as shown in Figure 4E, patients

who had at least one hospitalization during follow-up had more serious dyspnea at baseline as measured by D-12-C than

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 3567



Chen et al

40—
D-12-C-Physical
30 Bl D-12-C-Affective
D-12-C-Toal

D-12-C Score
S
1

[
=]
1

. . r - [
0 1 2 3 4

Figure 2 The differences in D-12-C across mMRC grade.
Abbreviation: D-12-C-Physical, the physical dimension score of simplified Chinese version of the dyspnea-12 questionnaire; D-12-C-Affective, the affective dimension
score of simplified Chinese version of the dyspnea-12 questionnaire; D-12-C-Total, the total score of simplified Chinese version of the dyspnea-12 questionnaire.
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Figure 3 The D-12-C score across GOLD stage.

Abbreviation: D-12-C, the simplified Chinese version of the dyspnea-12 questionnaire; GOLD, the Global Initiative for Obstructive Lung Disease D-12-C-Physical, the
physical dimension score of simplified Chinese version of the dyspnea-12 questionnaire; D-12-C-Affective, the affective dimension score of simplified Chinese version of the
dyspnea- |2 questionnaire; D-12-C-Total, the total score of simplified Chinese version of the dyspnea-12 questionnaire.

those without hospitalization (D-12-C-Physical: 4(1-7) vs 7(3-14), P=0.002; D-12-C-Affective: 0(0-3) vs 1(0-5),
P=0.039; D-12-C-Total: 5(1-11) vs 8(5-19), P=0.002).

Through binary multivariate logistic regression after stepwise selection, we found that baseline D-12-C total score
was an independent influencing factor for hospitalization during follow-up after adjusting for age, gender and the
exacerbations in the past year (OR=1.086, 95% CI: 1.035-1.139, p < 0.001) (Table 6).

Discussion

This is the first study that developed and validated a simplified Chinese version of D-12 (D-12-C) for the multi-
dimensional assessment of breathlessness in patients with stable COPD, in which we found that it is valid and reliable in
terms of internal consistency, structural validity and convergent validity. The D-12-C score was significantly correlated
with multiple patient-reported outcome measures, and frequent exacerbators demonstrated higher D-12-C scores com-
pared to infrequent exacerbators over the past year. Importantly, the baseline D-12-C score was an independent predictor
of hospitalization during the one-year follow-up period. A traditional Chinese version of D-12 has been designed and
verified but it may only apply to a limited region of China because of the regional differences of Chinese.*”> Actually,
Simplified Chinese is the standardized written form of the Chinese language used predominantly in Mainland China.
Therefore, the D-12-C has a broad range of applicability and promotion that can be applied in all parts of China and other
Mandarin speaking areas of the world. Secondly, compared to this study which included 155 participants in a single
center,”> our study included a total of 279 participants from three centers, which increased the credibility and reliability
of the results. Lastly, we identified the role of D-12-C in predicting hospitalization by using prospective and longitudinal

clinical data.
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Figure 4 (A) Comparison of the D-12-C scores between patients with high exacerbation risk or not over the past year; (B) Comparison of the D-12-C scores between the
group of frequent exacerbator or infrequent exacerbators over the past year; (C) Comparison of the D-12-C scores between patients with high exacerbation risk or not
during a one-year follow-up; (D) Comparison of the D-12-C scores between the group of frequent exacerbator or infrequent exacerbators during a one-year follow-up; (E)
Comparison of the D-12-C scores between patients with and without hospitalization during a one-year follow-up.

Notes: "not significant as P>0.05; *significant at P<0.05; **significant at P<0.01.
Abbreviation: D-12-C-Physical, the physical dimension score of simplified Chinese version of the dyspnea-12 questionnaire; D-12-C-Affective, the affective dimension
score of simplified Chinese version of the dyspnea-12 questionnaire; D-12-C-Total, the total score of simplified Chinese version of the dyspnea-12 questionnaire.

Similar to the original version of D-12," the internal consistency of D-12-C (total, physical, affective) are all greater
than 0.9. We found a strong association between the total D-12-C score and the SGRQ total score, and a similar result
was reported in the English version of D-12 (r,=0.79)."° The correlation indicated that patients who have experienced
severe dyspnea also had more negative impacts on the quality of life. Furthermore, compared to previous
research,'”?*2"%3 D-12-C was moderately associated with mMRC and CAT, indicating that the D-12-C score correlated
to other instrument for dyspnea assessment and symptoms of COPD. While the mMRC scale excellently evaluates

functional limitation and the CAT score offers a broad overview of health status, the D-12-C is uniquely positioned to

Table 6 Binary Logistic Regression of Hospitalization Due
to Exacerbation of COPD

OR (95% CI) P value
Age 0.994 (0.942, 1.048) 0.817
Sex 1.152 (0.434, 3.434) 0.776
Exacerbation in the past year | 1.231 (0.914, 1.659) 0.171
D-12-C 1.086 (1.035, 1.139) | < 0.001

Abbreviations: Cl, Confidence Interval; OR, Odds Ratio. D-12-C, the sim-
plified Chinese version of the dyspnea-12 questionnaire;

3569

International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Chen et al

quantify the often-overlooked affective dimension of dyspnea (such as fear, anxiety, and distress). This affective response
is a potent driver of maladaptive behaviors and poor outcomes. Therefore, a composite assessment strategy could be
highly powerful: for instance, using the mMRC for initial functional screening and then applying the D-12-C to further
risk-stratify. This would allow clinicians to pinpoint patients who are particularly vulnerable due to the psychological
impact of their breathlessness — a group that may be missed by conventional tools.

The initial purpose for the design of D-12 questionnaire was to describe dyspnea not only related to physical but also
affective components. There was a significant correlation between D-12-C affective score and HADS (r,=0.549), and the
result was similar to other studies.?**>° Both the affective component of D-12-C and HADS involve the assessment of
anxiety and depression. The D-12-C measures the emotional changes caused by dyspnea and HADS focuses more on
conventional anxiety or depression. Additionally, we found that patients with anxiety or depression had more severe
dyspnea. Previous studies have shown that dyspnea is a predictor of depression in patients with COPD,>® and anxiety or
depression is associated with more severe dyspnea conversely.” Therefore, the interrelationship between dyspnea and
anxiety or depression emphasizes the necessity of evaluating affective component in the assessment and treatment of
dyspnea. A weak correlation was revealed between the total score of D-12-C and FEV%pred, which also indicates the
necessity of using multidimensional measurement tools to quantify breathlessness rather than functional abnormality
only.

Interestingly, we found that D-12-C was correlated with frequent exacerbations over the past year and hospitalization
during one year of follow-up. The results of binary logistic regression analysis showed that after adjusting for age and
gender, baseline D-12-C score was an independent factor predicting future risk of hospitalization. As the D-12-C score
increases by one unit, the probability of hospitalization for patients increases by 1.086 times. Hospitalization for
AECOPD results in a rapid decline in health status with a high risk of mortality or other negative outcomes such as
need for endotracheal intubation or intensive care unit admission. A recent clinical study used the univariate Cox
proportional hazards model to explore the predictive properties of patient-reported outcomes for mortality and the time to
first exacerbation of COPD. It had found that D-12 total score and its physical score were significant predictors for the
time to the first exacerbation.”” We demonstrated that the D-12-C was significant related to health status (SGRQ) and,
crucially, the future hospitalizations, suggesting its potential predictive utility for identifying patients at high risk of
exacerbations. The predictive characteristics position of the D-12-C not merely as an assessment tool, but as a practical
instrument for risk stratification. Furthermore, the D-12-C can quantify the distressing affective experience of breath-
lessness, and the multidimensional and predictive characteristics could be integrated into clinical care: Firstly, the D-12-C
is brief, typically requiring less than five minutes for a patient to complete, making it a low-cost, high-yield strategy for
assessing the physical and affective dimensions of dyspnea and optimizing resource allocation. Secondly, a high baseline
D-12-C score, particularly on the affective subscale, could flag patients who may benefit from early referral to pulmonary
rehabilitation programs that incorporate psychological support. Finally, in the context of hospital discharge planning, the
D-12-C could aid in risk stratification, identifying patients who require more intensive follow-up to prevent readmission.
The future prospective studies are needed to define specific cutoff scores for clinical decision-making and to validate its
predictive power in longitudinal cohorts. Nonetheless, the present study provides the essential foundation for these next
steps by delivering a validated tool ready for implementation in both clinical and research settings.

The main advantage of this study is that we firstly developed the simplified Chinese version of the Dyspnea-12
questionnaire, which is suitable for all Chinese populations, and validated this instrument in patients with stable COPD at
multiple centers which indicated high external efficacy. Furthermore, we also discovered the clinical utility of D-12-C
whose baseline score was associated with hospitalization during the follow-up, and the D-12-C was an independent
predictor for hospitalization of COPD. Limitations also should be considered that two items in the affective dimension
lack independence, indicating a correlation between the two items, similar results were found in the Norwegian version
of D-12,%° and further validation is needed in different disease populations. Additionally, the affective score of D-12-C in

our study is lower than other versions of D-12 (Swedish version: 6.1 (4.4); Norwegian version: 7.2 (4.5)),2>%

it may be
related to under-report psychological distress because of the social stigma in Chinese people. Actually, the Cantonese
version of D-12 also found similar results, and the authors explained that this may be due to the underestimation of

physical symptoms and psychological distress in their study population.®> A cross-sectional study of Chinese patients
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with COPD demonstrated that the prevalence of alexithymia symptoms in patients with COPD was 23.63%, and the male
patients are more likely to suffer from alexithymia than female patients.” Furthermore, Chinese people are more reserved
than Westerners, and are unwilling to directly express their inner emotions and feelings.”® Furthermore, Chinese people
are more reserved than Westerners, and are unwilling to directly express their inner emotions and feelings.>® Patients may
be more inclined to express emotional distress through physical symptoms (such as emphasizing “chest tightness” or
“fatigue”) rather than directly reporting feelings of fear or distress. Our findings require further validation in an
independent external cohort to confirm the generalizability of the predictive model derived from the D-12-C. Although
our multicenter design enhances the internal diversity of our sample, explicit external validation would strengthen
confidence in our results. We did not assess the association between D-12-C scores and long-term hard endpoints, such as
mortality or accelerated lung function decline. Future studies involving longer follow-up durations and diverse,
independent populations are warranted to confirm the prognostic utility of the D-12-C for these critical endpoints and
to establish its robustness across different healthcare settings. Furthermore, a proportion of patients with a score of zero
suggests that the D-12-C may have a ceiling effect in populations with mild COPD or early COPD, potentially limiting
its ability to detect subtle changes in this specific subgroup. Future studies focusing on earlier stages of disease should
consider this. Lastly, the study finding needs to be validated in broader populations in China, and further studies for
patients with other respiratory and cardiovascular disease are also needed. Additionally, the D-12-C could be integrated
into digital health tools.

Conclusion

This study confirms the reliability, construct validity and convergent validity of D-12-C in patients with stable COPD in
multiple centers. D-12-C can raisely evaluate dyspnea from both affective and physical dimensions and measure its
changes. The score of D-12-C was strongly associated with SGRQ and increased as the GOLD stage or mMRC grade
rose, and patients with anxiety or depression had worse dyspnea in COPD. Importantly, our findings establish the clinical
application of D-12-C as an independent predictor for the risk of severe exacerbation in terms of hospitalization in
COPD. This underscores its potential role not only in symptom assessment but also in risk stratification and guiding the
management of high-risk patients. The D-12-C is a comprehensive multidimensional measurement tool used in clinical or
research to evaluate dyspnea in COPD. This study also filled a national gap in Mandarin-speaking populations, especially
for healthcare systems using Simplified Chinese. D-12-C has the potential to serve as a clinical instrument to assess
severity of dyspnea clinically and for research in Mandarin-speaking areas with large population.
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