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Background: Under persistent inflammation, asymptomatic radiological bronchiectasis (ARB) may develop into clinical bronchiec-
tasis (CB). Although CB has been extensively studied, the potential for ARB to evolve into CB remains largely unexplored. Whether 
the ARB could progress to CB and the risk factors to speed up the process are poorly understood.
Methods: This was an observational cohort study. 370 patients with radiological bronchiectasis were included in Wuhan Union 
Hospital in 2018. 296 ARB patients were followed up in 2022 to verify if they progressed to CB and divided the development and 
validation of clinical prediction models into a training set (n=207) and a validation set (n=89) by the ratio of 7:3. LASSO algorithm 
and multivariable logistic regression analysis were performed to construct a new nomogram model. ROC, a calibration and decision 
curve were used to assess the predictive performance of our new prediction model.
Results: 370 patients (74, 20% with CB) were finally included. Compared with ARB, CB had lower BMI, Bhalla score, FEV1% 
predicted, greater extent and degree of bronchodilation, more lobes with mucus plugs, greater thickness of bronchodilation, greater 
likelihood of pulmonary heart disease and chronic obstructive pulmonary disease (COPD), and lower likelihood of hypertension and 
coronary artery disease (P<0.05). In 2022, 60 out of 296 ARB patients progressed to CB. Age, FEV1% predicted, COPD, heart failure 
(HF), degree of bronchiectasis, number of lobes with bronchiectasis and number of lung segments with mucus plugs were risk factors. 
The AUCs of the prediction model were 0.866 (95% CI, 0.802–0.931) in the training set and 0.860 (95% CI, 0.770–0.949) in the 
validation set.
Conclusion: ARB may progress to CB under the risk factors, including age, FEV1% predicted, COPD, HF and CT images including 
degree of bronchiectasis, number of lobes with bronchiectasis and number of lung segments with mucus plugs), based on which the 
nomogram model is a convenient and efficient tool for follow-up management and preventing CB in patients with ARB.
Keywords: asymptomatic radiological bronchiectasis, clinical bronchiectasis, nomogram, predictive model

Introduction
Bronchiectasis is a clinical syndrome characterized by chronic cough and sputum production in the presence of abnormal 
thickening and dilatation of the bronchial wall visible on lung imaging.1 However, some patients with bronchiectasis on 
lung computed tomography (CT) do not have cough, sputum or other clinical symptoms associated with bronchiectasis, 
which is named asymptomatic radiological bronchiectasis. The relationship between asymptomatic radiological bronch-
iectasis (ARB) and clinical bronchiectasis (CB) (radiological bronchiectasis associated with chronic syndromes) is 
unclear. Furthermore, given the incomplete understanding of the natural history of the bronchiectasis process, the long- 
term prognostic significance of asymptomatic radiological bronchiectasis is unknown. Asymptomatic radiological 
emphysema may develop into typical chronic obstructive pulmonary disease (COPD) symptoms under the influence of 
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risk factors such as smoking or low FVC1,2 which is considered early stages of COPD. However, whether the 
asymptomatic radiological bronchiectasis could progress to clinical bronchiectasis and the risk factors to speed up the 
process are poorly understood. Just as COPD and emphysema are the results of inflammation destruction,3 both 
radiological bronchiectasis and clinical bronchiectasis result from airway tissue destruction caused by pulmonary 
infection, immunodeficiency, autoimmune disease and mucus obstruction, which are associated with inflammation of 
the airway.4–6 We hypothesize that asymptomatic radiological bronchiectasis may develop into clinical bronchiectasis in 
case of persistent inflammation. Here, we conducted a cohort study to investigate the long-term outcomes of asympto-
matic radiological bronchiectasis after 4 years of follow-up, to explore the risk factors and construct a nomogram model 
to predict the occurrence of symptoms in radiological bronchiectasis patients. It could identify high-risk individuals who 
will develop clinical bronchiectasis and provide a reference for formulating treatment plans for patients with radiological 
bronchiectasis.

Materials and Methods
Subjects and Data Collection
This was an observational cohort study in which hospitalized patients with radiological bronchiectasis were included in 
Wuhan Union Hospital in 2018. We assigned patients to one of two groups: an asymptomatic radiological bronchiectasis 
group and a clinical bronchiectasis group. Patients in the asymptomatic radiological bronchiectasis group were followed 
up by telephone in 2022 and some of them had their lung CTs reviewed. The project followed the principles of the 
Declaration of Helsinki and was approved by the Ethics Committee of the Union Hospital of Tongji Medical College, 
Huazhong University of Science and Technology, without the need for written informed consent, as informed consent 
was waived by our Institutional Review Board due to the retrospective nature of our study (2022–0389).

Data collected included age, sex, BMI, smoking history, cause of bronchiectasis, comorbidities, imaging manifesta-
tions and severity of bronchiectasis, and lung function (FEV1% predicted). In this study, the (25-Bhalla score) was used 
instead of the total score of lung CT manifestations. For ease of writing, all references to the (25-Bhalla score) below are 
replaced by the Bhalla score. CT images were independently assessed by two independent observers and differences were 
resolved by consensus. The comorbidities of bronchiectasis were investigated according to the Spanish guidelines 
program.7 The primary observation of the telephone interviews was the presence or absence of clinical bronchiectasis.

The study flow chart of this study was shown in Figure 1.

Identification of Radiological Bronchiectasis and Clinical Bronchiectasis
According to the international consensus recommendations for the radiological and clinical diagnosis of bronchiectasis, 1 

the British Thoracic Society (BTS) guidelines for non-cystic fibrosis(NCF) bronchiectasis 8 and the International Expert 
Consensus on Clinical Symptoms of Bronchiectasis in Adults for Use in Clinical Trials, 1 the following three criteria are 
used to define the radiological bronchiectasis: an inner or outer airway–artery diameter ratio (the ratio of airway diameter 
to their adjacent artery diameter) of 1. 0 or more, a lack of tapering of the airways, and visibility of airways in the 
periphery. Radiological bronchiectasis is diagnosed when one of these criteria is met. The criteria for clinical bronch-
iectasis include at least two of the following must be met: (1) a cough most days of the week; (2) sputum production most 
days of the week; (3) a history of exacerbations.

Telephone Follow-up
The questionnaires designed for use in CB are the Quality of Life-Bronchiectasis questionnaire, Bronchiectasis Health 
Questionnaire, St. George’s Respiratory Questionnaire and the Leicester Cough Questionnaire. With reference to 
diagnostic criteria and appeal-relevant questionnaires of CB, we developed the follow-up visit content. Follow-up visits 
included symptoms and severity of cough, sputum, hemoptysis, dyspnea, sputum purulence, exacerbations and quality of 
life. Each patient and all family members who were aware of the patient’s condition were followed up twice at different 
times by two independent researchers in strict accordance with the follow up protocol. The investigators recorded the 
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results of the follow-up and separately determined whether the follow-up ARB population met the diagnosis of CB. 
Disagreements, if any, were resolved by consensus.

Development and Validation of the Nomogram
The clinical data of ARB was compiled in R language, and by randomly splitting the patient data into the training set (n  
= 207) and the validation set (n = 89) by the ratio of 7:3. The training set was used to select predictors and construct the 
prediction model, while the validation set was used to verify the performance of the prediction model. In our study, the 
LASSO binary logistic regression model was used to select risk factors, and factors with non-zero coefficients were 
selected. Multivariate logistic regression analysis assessed the association between risk factors and CB and created 
a model based on the selected variables, depicted in the form of a nomogram. For a specific real case, each point of 
a variable was assigned to a score (Points axis). Sumed the achieved points of 7 variables to obtain a total score. The total 
score on the Total Points axis corresponds to a predicted risk value on the Risk axis. In our study, the accuracy of the 
nomogram model was assessed by internal validation. Area under the ROC curve (AUC) was used to assess the 
discrimination of the model, and the calibration plot was used to assess how close the actual results of the nomogram 
were to the predicted results. Decision curve analysis (DCA) shows the standardized net benefit relative to the risk 
threshold probability9 and was used to assess the clinical utility of the model. The clinical impact curves showed the 

Figure 1 The flowchart of the development and validation of the prediction model.
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number of high-risk and true-positive patients at different threshold probabilities. Kaplan-Meier curves and Log rank 
tests were used for the survival analysis.

Statistical Analysis
The baseline information of the study population was analyzed using descriptive statistics. The Kolmogorov–Smirnov 
test was used to test the normality of the distribution of continuous variables. Normally distributed continuous variables 
were expressed as mean and standard deviation and vice versa as median and interquartile range. For categorical 
variables, frequencies and percentages are the best way to present them.

Given the high number of lost patients, in order to test the robustness of the results, we preformed 2 sensitivity 
analyses to generate data of primary end point for patients lost to follow-up: (1) all patients lost to follow-up were 
considered to have developed CB in 2022; (2) all patients lost to follow-up were considered to have not developed CB in 
2022. In sensitivity analysis, we compared the baseline characteristics between the CB group and the ARB group.

Statistical analysis was performed using SPSS (IBM SPSS Statistics 26.0, SPSS Inc., Chicago, IL, United States) and 
R language (version 4.1.3). All statistical tests were two-sided, and statistical significance was set at 0.05.

Results
Characteristics of the Cohort
A total of 566 hospitalized patients with radiological bronchiectasis in Wuhan Union Hospital in 2018. A total of 370 
patients (190 (51.35%) males and 180 (48.65%) females) were finally included after excluding 63 patients with tractional 
bronchiectasis and 133 lost patients (49 of whom died of other diseases). 74 (20.0%) had clinical bronchiectasis and 296 
(80.0%) had asymptomatic radiological bronchiectasis. The causes for hospitalization of these patients were shown in 
Supplementary Table 1. In our study, hospitalized patients underwent chest CT scanning because of different clinical 
symptoms (fever, cough, sputum, hemoptysis, dyspnea, chest pain, etc), lung disease (eg, lung cancer and tuberculosis, 
etc.) and/or a certain disease that required clarification of the presence of pulmonary complications (eg, interstitial 
pneumonitis in patients with rheumatic system diseases, etc).

In 2022, the asymptomatic radiological bronchiectasis group was subdivided into a follow-up clinical bronchiectasis 
group (60, 20.27%) and a consistently asymptomatic radiological bronchiectasis group (236, 79.73%).

In 2018, compared with the ARB, CB had lower BMI, Bhalla score and FEV1% predicted, more quantities in the 
number of lung segments with bronchiectasis and mucus plug involvement, greater degree of bronchodilation and mucus 
plugs, greater thickness of bronchodilation, greater likelihood of pulmonary heart disease and chronic obstructive 
pulmonary disease (COPD), and lower likelihood of hypertension and coronary artery disease (P< 0. 05). In 2022, 
compared with the consistently ARB, the follow-up CB had older age, lower Bhalla score and FEV1% predicted, more 
quantities in the number of lung segments with bronchiectasis and mucus plug involvement, greater degree of 
bronchodilation and mucus plugs, greater likelihood of COPD (P< 0. 05) (Table 1 and Supplementary Table 2).

The results of the 2 sensitivity analyses we conducted were generally consistent with the results of the main analysis 
(Supplementary Tables 3 and 4), indicating the robustness of the results of the main analysis.

The Construction of Predictive Model Based on Risk Factors
The 296 patients with asymptomatic radiological bronchiectasis at baseline were divided into a training set (207, 
approximately 70%) and a validation set (89, approximately 30%) for internal validation. There were no significant 
differences in any of the variables we included between the training set and the validation set, suggesting that the training 
set could be used for internal validation (Supplementary Table 5). The training set (including 42 cases that progressed to 
clinical bronchiectasis) was then analyzed. The follow-up clinical bronchiectasis group in the training set appeared to be 
older and to had lower Bhalla scores, worse FEV1% predicted, a higher degree of bronchiectasis, a greater extent of 
bronchiectasis, a greater extent of mucus plugs, and a greater likelihood of COPD and heart failure (HF) comorbidities 
(P<0.05) (Table 2).
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Table 1 Comparison of Baseline Characteristics Between Clinical Bronchiectasis Group and Asymptomatic Radiological 
Bronchiectasis Group

Variables All Patients (n=370) Clinical 
Bronchiectasis 
Group (n=74)

Asymptomatic 
Radiological 

Bronchiectasis  
Group (n=296)

p value

Gender, n (%) 0.603

Male§ 190 (51.4%) 36 (48.6%) 154 (52.0%)

Female§ 180 (48.6%) 38 (51.4%) 142 (48.0%)
Age (years) † 60.62±11.95 59.04±12.57 61.01±11.78 0.204

BMI (kg/m2) † 21.75±3.56 20.83±3.27 21.97±3.60 0.014

Smoke§ 93 (25.1%) 20 (27.0%) 73 (24.7%) 0.170
Bhalla score† 15.56±3.25 13.00±3.76 21.97±3.60 <0.001

Spirometry
FEV1% predicted† 84.00±17.03 68.35±28.11 86.00±13.88 <0.001

Comorbidity, n (%)
Hypertension§ 100 (27.0%) 12 (16.2%) 88 (29.7%) 0.019
Coronary artery disease§ 51 (13.8%) 4 (5.4%) 47 (15.9%) 0.019

Congestive heart failure§ 5 (1.4%) 0 (0.0%) 5 (1.7%) 0.588

Pulmonary heart disease§ 4 (1.1%) 3 (4.1%) 1 (0.3%) 0.026
Diabetes mellitus§ 37 (10%) 3 (4.1%) 34 (11.5%) 0.057

Osteoporosis§ 7 (1.9%) 0 (0.0%) 7 (2.4%) 0.391

COPD§ 39 (9.7%) 19 (25.7%) 20 (6.8%) <0.001
Asthma§ 9 (2.4%) 4 (5.4%) 5 (1.7%) 0.152

Hepatic insufficiency§ 29 (7.8%) 0 (0.0%) 29 (9.8%) 0.153

Renal insufficiency§ 13 (3.5%) 0 (0.0%) 13 (4.4%) 0.138
Sinusitis§ 49 (13.2%) 9 (12.2%) 40 (13.5%) 0.759

Lung Cancer§ 11 (3.0%) 4 (5.4%) 7 (2.4%) 0.320

Interstitial pneumonia§ 7 (1.9%) 3 (4.1%) 4 (1.4%) 0.294
Pulmonary embolism§ 5 (4.1%) 2 (2.7%) 3 (1.0%) 0.742

SLE§ 9 (2.4%) 0 (0.0%) 9 (3.0%) 0.273

Rheumatoid§ 9 (2.4%) 2 (2.7%) 7 (2.4%) >0.999
Iconography
Degree of bronchiectasis (bronchial to 

accompanying pulmonary arterial diameter ratio)§
<0.001

>1 108 (29.2%) 6 (8.1%) 102 (34.5%)

2–3 60 (16.2%) 5 (6.8%) 55 (18.6%)

>3 202 (54.6%) 63 (85.1%) 139 (46.9%)
Thickness of bronchial wall (bronchial wall to 

concomitant arterial thickness ratio)§
<0.001

Normal range 77 (20.8%) 6 (8.1%) 71 (23.9%)
1 133 (35.9%) 18 (24.3%) 115 (38.9%)

1–2 99 (26.8%) 25 (33.8%) 74 (25.0%)

>2 61 (16.5%) 25 (33.8%) 36 (12.2%)
Number of lung segments with bronchiectasis§ <0.001

1–5 283 (76.5%) 38 (51.4%) 245 (82.8%)

6–9 46 (12.4%) 8 (10.8%) 38 (12.8%)
>9 41 (11.1%) 28 (37.8%) 13 (4.4%)

Number of lung segments with mucus plugs§ <0.001

0 209 (56.5%) 27 (36.5%) 182 (61.5%)
1–5 125 (33.8%) 29 (39.2%) 96 (32.4%)

6–9 19 (5.1%) 4 (5.4%) 15 (5.1%)

>9 17 (4.6%) 14 (18.9%) 3 (1.0%)

(Continued)
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We screened 39 variables in the training cohort using the LASSO binary logistic regression model, which selected 7 
variables with non-zero coefficients (Supplementary Figure 1A, B and Supplementary Table 6). After multivariate 
logistic regression analysis, age, COPD, HF, number of lobes with bronchiectasis, number of lung segments with 
mucus plugs, degree of bronchiectasis, and FEV1% predicted were independent risk factors for clinical bronchiectasis 
(Figure 2). We weighted the regression coefficients of the risk factors in multivariate logistic regression and developed 
a risk score formula to predict the occurrence of clinical bronchiectasis. Risk score = −4.690 + 0.051 (age) + 1.235 (if 
COPD is positive) + 0.883 (if HF is positive) + 1.147 (degree of bronchiectasis) + 0.380 (number of lobes with 
bronchiectasis) + 0.191 (number of lung segments with mucus plugs) - 0.057 (FEV1% predicted) (Supplementary 
Table 7). The nomogram model for predicting the likelihood of asymptomatic radiological bronchiectasis to clinical 
bronchiectasis was developed based on the above risk factors. A real case is shown in Figure 3.

Validation and Evaluation of the Nomogram
The validation of the nomogram in this study was performed by internal validation. The calibration curve of the 
nomogram was used to show the agreement between the predicted and observed results. The agreement between the 

Table 1 (Continued). 

Variables All Patients (n=370) Clinical 
Bronchiectasis 
Group (n=74)

Asymptomatic 
Radiological 

Bronchiectasis  
Group (n=296)

p value

Grading of bronchiectasis§ <0.001

1–4 49 (13.2%) 3 (4.1%) 46 (15.5%)
5–6 79 (21.4%) 7 (9.4%) 72 (24.4%)

>6 242 (65.4%) 64 (86.5%) 178 (60.1%)

Number of lung bullae§ 0.337
0 333 (90%) 65 (87.8%) 268 (90.5%)

<=4 (unilateral) 24 (6.5%) 6 (8.1%) 18 (6.1%)

<=4 (bilateral) 7 (1.9%) 0 (0.0%) 7 (2.4%)
>4 (bilateral) 6 (1.6%) 3 (4.1%) 3 (1.0%)

Number of lung segments with emphysema§ 0.167

0 251 (67.8%) 50 (67.6%) 201 (67.9%)
1–5 65 (17.6%) 9 (12.1%) 56 (18.9%)

>5 54 (14.6%) 15 (20.3%) 39 (13.2%)

Mucus plug 161 (43.5%) 48 (64.9%) 113 (38.2%) <0.001
Location of bronchiectasis§ 0.005

Centrally located 41 (11.1%) 4 (5.4%) 37 (12.5%)

Peripherally located 89 (24.1%) 10 (13.5%) 79 (26.7%)
Both 240 (64.9%) 60 (81.1%) 180 (60.8%)

Tree-in-bud sign§ 12 (3.2%) 2 (2.7%) 10 (3.4%) >0.999
Emphysema§ 119 (32.2%) 25 (33.8%) 94 (31.8%) 0.738

Types of bronchiectasis§ <0.001

Columnar bronchiectasis 323 (87.3%) 52 (70.3%) 271 (91.6%)
Cystic bronchiectasis 29 (7.8%) 12 (16.2%) 17 (5.7%)

Both 18 (4.9%) 10 (13.5%) 8 (2.7%)

Number of lung lobes with bronchiectasis* 2.00 (1.00–3.00) 3.00 (1.75–5.00) 1.00 (1.00–2.00) <0.001
Number of lung segments with bronchiectasis* 2.00 (1.00–5.00) 5.00 (3.00–11.25) 2.00 (1.00–4.00) <0.001

Number of lung segments with mucus plugs* 0.00 (0.00–2.00) 2.00 (0.00–6.00) 0.00 (0.00–1.00) <0.001

Number of lung segments with tree-in-bud sign* 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.692
Number of lung lobes with emphysema* 0.00 (0.00–2.00) 0.00 (0.00–3.25) 0.00 (0.00–2.00) 0.529

Notes: † represents normally distributed continuous variables. * represents non-normally distributed continuous variables. § represents categorical variables.
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Table 2 Comparison of the Characteristics Between Consistently Asymptomatic Radiological Bronchiectasis Group and Follow-up 
Clinical Bronchiectasis Group in the Training Set

Variables Training Set 
(n=207)

Consistently Asymptomatic 
Radiological Bronchiectasis  

Group (n=165)

Follow-up 
Clinical 

Bronchiectasis  
Group (n=42)

p value

Gender, n (%) 0.105

Male§ 110 (53.1%) 83 (50.3%) 27 (64.3%)

Female§ 97 (46.9%) 82 (49.7%) 15 (35.7%)
Age (years) † 61.72±12.00 60.47±12.58 66.67±7.64 0.003

BMI (kg/m2) † 21.87±3.65 21.98±3.24 21.43±4.97 0.386

Smoke§ 53 (25.6%) 39 (23.6%) 14 (33.3%) 0.199
Bhalla score† 16.14±2.74 16.45±2.62 14.90±2.89 0.001

Spirometry
FEV1% predicted † 86.44±14.83 89.10±13.35 75.95±15.80 < 0.001

Comorbidity, n (%)
Hypertension§ 60 (29.0%) 48 (29.1%) 12 (28.6%) 0.947
Coronary artery disease§ 36 (17.4%) 28 (17.0%) 8 (19.0%) 0.751

Congestive heart failure§ 3 (1.4%) 1 (0.6%) 2 (4.8%) 0.044

Pulmonary heart disease§ 1 (0.5%) 1 (0.6%) 0 (0.0%) 0.613
Diabetes mellitus§ 24 (11.6%) 21 (12.7%) 3 (7.1%) 0.313

Osteoporosis§ 4 (1.9%) 4 (2.4%) 0 (0.0%) 0.308

COPD§ 15 (7.2%) 5 (3.0%) 10 (23.8%) < 0.001
Asthma§ 2 (1.0%) 2 (1.2%) 0 (0.0%) 0.473

Hepatic insufficiency§ 22 (10.6%) 17 (10.3%) 5 (11.9%) 0.764

Renal insufficiency§ 7 (3.4%) 6 (3.6%) 1 (2.4%) 0.688
Sinusitis§ 24 (11.6%) 18 (10.9%) 6 (14.3%) 0.542

Lung Cancer§ 7 (3.4%) 4 (2.4%) 3 (7.1%) 0.131

Interstitial pneumonia§ 2 (1.0%) 1 (0.6%) 1 (2.4%) 0.294
Pulmonary embolism§ 9 (4.3%) 7 (4.2%) 2 (4.8%) 0.883

SLE§ 4 (1.9%) 4 (2.4%) 0 (0.0%) 0.308

Rheumatoid§ 3 (1.4%) 2 (1.2%) 1 (2.4%) 0.517
Iconography
Degree of bronchiectasis (bronchial to 

accompanying pulmonary arterial diameter ratio)§
< 0.001

>1 64 (30.9%) 62 (37.6%) 2 (4.8%)

2–3 37 (17.9%) 31 (18.8%) 6 (14.3%)

>3 106 (51.2%) 72 (43.6%) 34 (81.0%)
Thickness of bronchial wall (bronchial wall to 

concomitant arterial thickness ratio)§
0.448

Normal range 46 (22.2%) 38 (23.0%) 8 (19.0%)
1 82 (39.6%) 68 (41.2%) 14 (33.3%)

1–2 49 (23.7%) 38 (23.0%) 11 (26.2%)

>2 30 (14.5%) 21 (12.7%) 9 (21.4%)
Number of lung segments with bronchiectasis§ 0.006

1–5 175 (84.5%) 146 (88.5%) 29 (69.0%)

6–9 24 (11.6%) 15 (9.1%) 9 (21.4%)
>9 8 (3.9%) 4 (2.4%) 4 (9.5%)

Number of lung segments with mucus plugs§ 0.005

0 123 (59.4%) 103 (62.4%) 20 (47.6%)
1–5 69 (33.3%) 54 (32.7%) 15 (35.7%)

6–9 12 (5.8%) 5 (3.0%) 7 (16.7%)

>9 3 (1.4%) 3 (1.8%) 0 (0.0%)

(Continued)
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two results performed well in the training cohort and the validation cohort (Figure 4A and B). The Hosmer-Lemeshow 
results showed no significant difference, indicating a good fit in the training cohort. The predictive performance of the 
nomogram was assessed by the ROC curve, which had an AUC of 0.866 (95% CI, 0.802–0.931) in the training set and an 
AUC of 0.860 (95% CI, 0.770–0.949) in the validation set. The predictive performance of the nomogram was 
comparable to combine 1 (combining age, COPD, HF, FEV1% predicted and Bhalla score) (0.861 (95% CI, 
0.774–0.948)), but higher than the Bhalla score (0.653 (95% CI, 0.559–0.747)). The predictive value of combine 2 
(combining the degree of bronchiectasis, the number of lung lobes with bronchiectasis and the number of lung segments 
with mucus plugs) (0.815 (95% CI, 0.698–0.932)) was also significantly higher than the Bhalla score, suggesting the 
importance of the three imaging parameters in predicting the development of clinical bronchiectasis (Figure 4C and D, 
Table 3 and Supplementary Tables 8 and 9).

Clinical Usefulness
DCA is a method of assessing the benefit of a diagnostic test by quantifying the net benefit at different threshold 
probabilities to determine the clinical utility of the nomogram. DCA was used in this study to assess the clinical utility of 

Table 2 (Continued). 

Variables Training Set 
(n=207)

Consistently Asymptomatic 
Radiological Bronchiectasis  

Group (n=165)

Follow-up 
Clinical 

Bronchiectasis  
Group (n=42)

p value

Grading of bronchiectasis§ 0.273

1–4 37 (17.9%) 33 (20.0%) 4 (9.5%)
5–6 48 (23.2%) 38 (23.0%) 10 (23.8%)

>6 122 (58.9%) 94 (57.0%) 28 (66.7%)

Number of lung bullae§ 0.054
0 186 (89.9%) 153 (92.7%) 33 (78.6%)

<=4 (unilateral) 13 (6.3%) 7 (4.2%) 6 (14.3%)

<=4 (bilateral) 5 (2.4%) 3 (1.8%) 2 (4.8%)
>4 (bilateral) 3 (1.4%) 2 (1.2%) 1 (2.4%)

Number of lung segments with emphysema§ 0.183

0 135 (65.2%) 108 (65.5%) 27 (64.3%)
1–5 39 (18.8%) 34 (20.6%) 5 (11.9%)

>5 33 (15.9%) 23 (13.9%) 10 (23.8%)

Mucus plug§ 83 (40.1%) 61 (37.0%) 22 (52.4%) 0.069
Location of bronchiectasis§ 0.239

Centrally located 29 (14.0%) 26 (15.8%) 3 (7.1%)

Peripherally located 51 (24.6%) 42 (25.5%) 9 (21.4%
Both 127 (61.4%) 97 (58.8%) 30 (71.4%)

Tree-in-bud sign§ 7 (3.4%) 6 (3.6%) 1 (2.4%) 0.688
Emphysema§ 70 (33.8%) 55 (33.3) 15 (35.7%) 0.771

Types of bronchiectasis§ 0.378

Columnar bronchiectasis 188 (90.8%) 152 (92.1%) 36 (85.7%)
Cystic bronchiectasis 14 (6.8%) 10 (6.1%) 4 (9.5%)

Both 5 (2.4%) 3 (1.8%) 2 (4.8%)

Number of lung lobes with bronchiectasis* 1.00 (1.00–2.00) 1.00 (1.00–2.00) 2.50 (1.00–4.00) < 0.001
Number of lung segments with bronchiectasis* 2.00 (1.00–4.00) 2.00 (1.00–3.00) 4.00 (1.00–7.25) < 0.001

Number of lung segments with mucus plugs* 0.00 (0.00–1.00) 0.00 (0.00–1.00) 1.00 (0.00–6.00) < 0.001

Number of lung segments with tree-in-bud sign* 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.595
Number of lung lobes with emphysema* 0.00 (0.00–2.00) 0.00 (0.00–2.00) 0.00 (0.00–3.75) 0.539

Notes: † represents normally distributed continuous variables. * represents non-normally distributed continuous variables. § represents categorical variables.
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the nomogram. Both the training and validation cohorts showed a higher net clinical benefit compared to the two 
thresholds of “no intervention” and “intervention for all” (Supplementary Figure 2A).The clinical impact curves showed 
a convergence between the number of patients considered at high risk of asymptomatic radiological bronchiectasis 
developing into clinical bronchiectasis and those with asymptomatic radiological bronchiectasis developing into clinical 
bronchiectasis event within this risk threshold (Supplementary Figure 2B and C). The prediction model had good clinical 
applicability.

Figure 2 Forest plot showing the relationship between the risk factors and the progression from asymptomatic radiological bronchiectasis to clinical bronchiectasis.

Figure 3 Nomogram for predicting the risk of the progression from asymptomatic radiological bronchiectasis to clinical bronchiectasis. A 67-year-old patient with 
asymptomatic radiological bronchiectasis, a history of COPD and no history of HF. FEV1% predicted was 66%, the degree of bronchiectasis was 3, the number of lung lobes 
with bronchiectasis was 2, and the number of lung segments with mucus plugs was 2. This patient had a total score of 345 and an 84.6% risk of clinical bronchiectasis.
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Imaging Follow-up
Due to patients’ inattention to asymptomatic imaging bronchiectasis, poor health status and change of hospital of 
attendance, in 2022, a total of 53 patients underwent lung CT review (11 patients in the clinical bronchiectasis group, 
12 patients in the follow-up clinical bronchiectasis group and 30 patients in the consistently asymptomatic radiological 
bronchiectasis group). There were no significant changes in CT imaging characteristics in 2022 compared with lung CT 
in 2018 (Table 4). These indicated that the progression of CT imaging was slow, and that studies of this progression 

Figure 4 Discrimination and calibration of the nomogram prediction models in the training and validation cohorts. (A) Calibration plot in the training cohort. (B) 
Calibration plot in the validation cohort. (C) ROC curve in the training cohorts. (D) ROC curve in the validation cohorts.
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would require longer follow-up. However, due to the small number of patients who had a follow-up lung CT at 4 years, 
the above conclusions may not be entirely correct and we need to be cautious. The number of lung CTs reviewed in 
subsequent studies still needs to be expanded in order to draw reliable conclusions.

Table 3 Comparison of AUC Results From Nomogram Models

AUC p value

Training Cohort Validation Cohort

AUC nomogram vs AUC Bhalla score < 0.001 0.024

AUC nomogram vs AUC Combine 1 0.663 0.952
AUC nomogram vs AUC Combine 2 0.006 0.597

AUC Bhalla score vs AUC Combine 1 < 0.001 0.008

AUC Bhalla score vs AUC Combine 2 < 0.001 0.214
AUC Combine 1 vs AUC Combine 2 0.082 0.606

Notes: Combine 1 is the combination of age, COPD, HF, FEV1% predicted and Bhalla score. 
Combine 2 is the combination of degree of bronchiectasis, number of lung lobes with 
bronchiectasis and number of lung segments with mucus plugs.

Table 4 Comparison of CT Imaging Characteristics of the Lungs in 2018 and 2022

Clinical Bronchiectasis Group (n=11) Follow-Up Clinical Bronchiectasis 

Group (n=12)

Consistently Asymptomatic 

Radiological Bronchiectasis Group 

(n=30)

2018 2022 p value 2018 2022 p value 2018 2022 p value

Degree of bronchiectasis (bronchial to accompanying 

pulmonary arterial diameter ratio)§
0.214 0.822 0.243

>1 0 (0.0%) 0 (0.0%) 1 (8.3%) 1 (8.3%) 8 (26.7%) 9 (30.0%)

2–3 0 (0.0%) 3 (27.3%) 3 (25.0%) 5 (41.7%) 8 (26.7%) 3 (10.0%)

>3 11 (100.0%) 8 (72.7%) 8 (66.7%) 6 (50.0%) 14 (46.6%) 18 (60.0%)

Thickness of bronchial wall (bronchial wall to 

concomitant arterial thickness ratio)§
0.850 0.804 0.750

Normal range 1 (9.1%) 1 (9.1%) 1 (8.3%) 3 (25.0%) 9 (30.0%) 11 (36.7%)

1 4 (36.4%) 3 (27.3%) 4 (33.3%) 3 (25.0%) 13 (43.3%) 9 (30.0%)

1–2 1 (9.1%) 3 (27.3%) 4 (33.3%) 4 (33.3%) 6 (20.0%) 8 (26.6%)

>2 5 (45.5%) 4 (36.4%) 3 (25.0%) 2 (16.7%) 2 (6.7%) 2 (6.7%)

Number of lung segments with bronchiectasis§ >0.999 0.676 0.081

1–5 4 (36.4%) 3 (27.3%) 9 (75.0%) 8 (66.7%) 28 (93.3%) 27 (90.0%)

6–9 1 (9.1%) 2 (18.2%) 1 (8.3%) 3 (25.0%) 2 (6.7%) 2 (6.7%)

>9 6 (54.5%) 6 (54.5%) 2 (16.7%) 1 (8.3%) 0 (0.0%) 1 (3.3%)

Number of lung segments with mucus plugs§ >0.999 0.856 0.599

0 3 (27.3%) 2 (18.2%) 5 (41.7%) 3 (25.0%) 20 (66.7%) 16 (53.4%)

1–5 4 (36.4%) 3 (27.3%) 5 (41.7%) 6 (50.0%) 9 (30.0%) 12 (40.0%)

6–9 1 (9.1%) 2 (18.2%) 2 (16.7%) 2 (16.7%) 1 (3.3%) 1 (3.3%)

>9 3 (27.3%) 4 (36.4%) 0 (0.0%) 1 (8.3%) 0 (0.0%) 1 (3.3%)

Grading of bronchiectasis§ >0.999 >0.999 0.227

1–4 0 (0.0%) 0 (0.0%) 1 (8.3%) 1 (8.3%) 5 (16.7%) 1 (3.3%)

5–6 1 (9.1%) 1 (9.1%) 4 (33.3%) 4 (33.3%) 8 (26.6%) 9 (30.0%)

>6 10 (90.9%) 10 (90.9%) 7 (58.3%) 7 (58.3%) 17 (56.7%) 20 (66.7%)

Number of lung segments with emphysema§ 0.258 >0.999 0.467

0 7 (63.6%) 6 (54.5%) 9 (75.0%) 9 (75.0%) 21 (70.0%) 25 (83.3%)

1–5 3 (27.3%) 1 (9.1%) 1 (8.3%) 1 (8.3%) 4 (13.3%) 2 (6.7%)

>5 1 (9.1%) 4 (36.4%) 2 (16.7%) 2 (16.7%) 5 (16.7%) 3 (10.0%)

(Continued)
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Discussion
In the current cohort study, we demonstrated that asymptomatic radiological bronchiectasis may progress to clinical 
bronchiectasis after 4 years of follow-up. To the best of our knowledge, this is the first study to develop and validate 
a predictive model for new-onset symptoms of bronchiectasis based on simple radiological features and clinical factors. 
Using this predictive model, people with asymptomatic radiological bronchiectasis at the risk of clinical bronchiectasis 
can be quickly identified at the first consultation.

Asymptomatic radiological bronchiectasis is commonly encountered in patients with early CF10 and has been 
documented in the clinic.11 However, asymptomatic radiological bronchiectasis in non-CF individuals is often over-
looked. Our study is the first to demonstrate that the asymptomatic radiological bronchiectasis could develop into clinical 
bronchiectasis under the influence of risk factors including advanced age, low FEV1, comorbid COPD and/or HF, the 
degree of bronchiectasis, the number of lobes with bronchiectasis as well as the number of lobes with mucus plugs. This 
was consistent with two multidimensional severity indices of bronchiectasis, the FACED score12 and the Bronchiectasis 
Severity Index (BSI),13 both of which emphasized the important role of age, FEV1, and radiological extension in 
bronchiectasis. This implied that asymptomatic radiological bronchiectasis may be as part of the natural earlier history 
disease process of clinical bronchiectasis and could develop clinical bronchiectasis under the influence of various risk 
factors, which may be delayed and even modified by earlier intervention. Thus, the predictive model in our study could 
help to early identify and timely prevent the progression of asymptomatic radiological bronchiectasis to clinical 
bronchiectasis.

Bronchiectasis has been demonstrated as an age-associated disease.14,15 In addition to the physiological decline in 
respiratory muscle function, age-related immunosenescence may play an important role. Excessive inflammation, loss of 
control of persistent infections and the potential microbiome dysbiosis due to immunosenescence16–19 play an important 
role in the occurrence of clinical bronchiectasis and worsening the clinical syndrome.20 Not surprisingly, FEV1 and 
coexisting COPD were independent predictors of clinical bronchiectasis. Persistent deregulated chronic inflammation is 
strongly associated with COPD, leading to poorly reversible airflow limitation, mucus hypersecretion and airway wall 

Table 4 (Continued). 

Clinical Bronchiectasis Group (n=11) Follow-Up Clinical Bronchiectasis 

Group (n=12)

Consistently Asymptomatic 

Radiological Bronchiectasis Group 

(n=30)

2018 2022 p value 2018 2022 p value 2018 2022 p value

Mucus plug§ 8 (72.7%) 9 (81.8%) >0.999 7 (58.3%) 9 (75.0%) 0.667 10 (33.3%) 14 (46.7%) 0.292

Location of bronchiectasis§ >0.999 >0.999 0.814

Centrally located 0 (0.0%) 0 (0.0%) 1 (8.3%) 1 (8.3%) 3 (10.0%) 2 (6.7%)

Peripherally located 1 (9.1%) 0 (0.0%) 1 (8.3%) 2 (16.7%) 10 (33.3%) 12 (40.0%)

Both 10 (90.9%) 11 (100.0%) 10 (83.3%) 9 (75.0%) 17 (56.7%) 16 (53.3%)

Tree-in-bud sign§ 0 (0.0%) 0 (0.0%) - 0 (0.0%) 0 (0.0%) - 3 (10.0%) 0 (0.0%) 0.076

Emphysema§ 4 (36.4%) 5 (45.5%) >0.999 3 (25.0%) 3 (25.0%) >0.999 8 (26.7%) 6 (20.0%) 0.542

Types of bronchiectasis§ 0.183 0.727 >0.999

Columnar bronchiectasis 9 (81.8%) 5 (45.5%) 11 (91.7%) 9 (75.0%) 28 (93.3%) 28 (93.3%)

Cystic bronchiectasis 0 (0.0%) 1 (18.2%) 1 (8.3%) 1 (8.3%) 0 (0.0%) 0 (0.0%)

Both 2 (18.2%) 5 (45.5%) 0 (0.0%) 2 (16.7%) 2 (6.7%) 2 (6.7%)

Number of lung lobes with bronchiectasis* 4.00 

(2.00–6.00)

4.00 

(2.00–6.00)

0.867 1.50 

(1.00–2.75)

1.50 

(1.00–3.00)

0.901 1.00 

(1.00–1.00)

1.00 

(1.00–1.25)

0.482

Number of lung segments with bronchiectasis* 10.00 

(5.00–13.00)

10.00 

(3.00–15.00)

0.510 4.00 

(1.00–7.25)

3.50 

(1.00–8.50)

0.906 2.00 

(1.00–3.00)

1.50 

(1.00–4.00)

0.576

Number of lung segments with mucus plugs* 3.00 

(0.00–11.00)

6.00 

(1.00–11.00)

0.529 1.00 

(0.00–3.25)

1.00 

(0.25–7.00)

0.307 0.00 

(0.00–1.25)

0.00 

(0.00–2.00)

0.306

Number of lung segments with tree-in-bud sign* 0.00 

(0.00–0.00)

0.00 

(0.00–0.00)

>0.999 0.00 

(0.00–0.00)

0.00 

(0.00–0.00)

>0.999 0.00 

(0.00–0.00)

0.00 

(0.00–0.00)

0.078

Number of lung lobes with emphysema* 0.00 

(0.00–1.00)

0.00 

(0.00–6.00)

0.435 0.00 

(0.00–3.75)

0.00 

(0.00–1.50)

0.970 0.00 

(0.00–1.75)

0.00 

(0.00–0.00)

0.369

Notes: * represents non-normally distributed continuous variables. § represents categorical variables.
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thickening.21–23 Luminal obstruction, mucus plugging and thickened airway walls lead to a reduction in FEV1 over time. 
In addition, respiratory hypoxia due to lower FEV1 could be a potential driver of sterile neutrophilic inflammation to 
accelerate the progression of clinical bronchiectasis.24 Our study also confirmed that the presence of HF was also 
associated with the progression of clinical bronchiectasis. Systemic inflammation may be a possible explanation for the 
mechanistic pathway linking bronchiectasis and HF.25,26 It should be noted that symptoms such as cough and sputum 
production may be related to HF itself rather than clinical bronchiectasis, and there were a few cases of HF in our study. 
Whether HF plays an important role in disease progression needs further confirmation in multicenter, large-sample 
studies. In terms of other comorbidities, our study found that ARB was more likely to be comorbid with hypertension and 
coronary artery disease compared with CB. However, no such difference was found between follow-up CB and 
consistent ARB. This may be related to selection bias in our study. After all, our study population consisted of inpatients, 
most of whom were hospitalized for other conditions.

Computed tomography (CT) is a minimally invasive imaging modality that provides both high-contrast and high- 
resolution images of the lungs and airways. Due to its close correlation with airway inflammation, clinical manifestations 
and disease activity, CT has proven to be the most important test in the diagnosis of bronchiectasis and a most essential 
component in determining the prognosis and risk of chronic respiratory diseases such as COPD27,28 and 
bronchiectasis.29,30 Greater degree and extent of bronchodilation and mucus plugs on CT indicate destruction and 
impaired mucociliary clearance and/or mucus hypersecretion due to airway inflammation, leading to susceptibility to 
infection, airflow obstruction and damage, all of which accelerate the progression of clinical bronchiectasis.31–33 

Therefore, it is logical to use the and the number of lung segments with mucus plugs as key determinants in predicting 
the occurrence of clinical bronchiectasis in patients with bronchiectasis. Furthermore, they are simpler than the Bhalla 
score and are available to the clinician at the time of the patient’s initial radiological diagnosis of bronchiectasis. 
Therefore, imaging findings of the above three radiological parameters are important because they allow a rapid 
assessment of the likelihood that the patient will progress to clinical bronchiectasis.

The overall score of nomogram we built (refer to Figure 3) ranged from 150 to 400, with the associated risk level 
varying between 0.002 and 0.96. Essentially, an elevated total score indicated an increased risk of CB among ARB 
patients. The real case illustrated by Figure 3 was selected from among ARB (n=296). This patient has 345 total points 
(Statistical analysis and Figure 3 for details), which corresponds 84.6% risk of CB. The nomogram could be used for 
patient-specific risk screening, as the real case mentioned by Figure 3 proving its effectiveness in forecasting the risk of 
CB in ARB patients.

This study has some limitations that should be mentioned. First, the sample size was insufficient to draw firm 
conclusions. Second, the data for the nomogram were obtained from a single center and selection bias could not be 
avoided. The follow-up was performed by telephone call, which may have a recall bias in terms of symptoms. Third, 
the generalization of our nomogram should be interpreted with caution due to the lack of external validation. So, we 
would require multicenter prospective studies to further investigate the clinical practice of our nomogram. Fourthly, 
the study was conducted in inpatients and there was a possibility of selection bias. Perhaps in future studies, 
selecting a healthy population for the study would give more representative results. In addition, the influence of 
radiological manifestations of different etiologies and microbial colonization on the occurrence of clinical bronch-
iectasis were not studied and discussed by us. Finally, we could not estimate the impact of asymptomatic 
bronchiectasis on clinical outcomes, such as mortality, hospitalization, exacerbations and quality of life, due to 
the short follow-up.

Conclusion
Asymptomatic radiological bronchiectasis may progress to clinical bronchiectasis, which can be identified by age, 
FEV1% predicted, COPD, HF, the degree and extent of bronchial dilatation and the extent of mucus plugs. The model 
constructed from the above risk factors can help clinicians address the controversial issues of when and in which patients 
therapeutic intervention should be initiated.
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