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Purpose: Patients with chronic obstructive pulmonary disease (COPD) would have a poor 
prognosis if they were not continuously managed according to the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guidelines. We aim to develop a model to 
classify whether COPD patients have been continuously managed according to GOLD in 
the previous year.
Methods: The Managed group were COPD patients from a prospective cohort from 
November 2017 to November 2019, who have been continuously managed according to 
GOLD for 1 year. The Control group were COPD patients who were not continuously 
managed according to GOLD. They were from a retrospective cohort from October 2016 
to October 2017 in the same hospitals as the Managed group. A synthetic minority over- 
sampling technique (SMOTE) algorithm was used to up-sample the Managed group in 
a training dataset. Features for classification were selected using a support vector machine 
recursive feature elimination (SVM-RFE) algorithm. The classification model was developed 
using LibSVM, and its performance was assessed on the testing dataset.
Results: The final analysis included 15 subjects in the Managed group and 191 in the 
Control group. SVM-RFE selects nine features including smoking history, post- 
bronchodilator (post-)FVC before management, and those after 1-year follow-up (BMI, 
moderate and severe AECOPD frequency in previous 12 months, mMRC score, post- 
FEV1, post-FEV1%pred, post-FVC, and post-FEV1/FVC). For our model, positive predic
tive value is 66.7%, F1 score is 0.978, and AUC is 0.987.
Conclusion: SVM classifier combined with SVM-REF feature selection algorithm could 
achieve good classification between COPD patients who are or are not continuously mana
ged. This model could be applied in clinical practice to help doctors make decisions and 
enhance COPD patients’ compliance with standard treatment.
Keywords: COPD, GOLD, continuous management, support vector machine

Introduction
Chronic obstructive pulmonary disease (COPD) has been a major public health 
problem in the world for its high prevalence, morbidity, and mortality in recent 
decades. The World Health Organization estimates it will become the third leading 
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cause of death globally in 2030.1 The situation is similar in 
China, where the overall prevalence of COPD is as high as 
8.6% based on a national cross-sectional study in recent 
years.2 Even more, the prevalence of COPD was 11.9% in 
men and 13.7% in people older than 40 years.2 However, 
even for COPD patients living in a metropolis, more than 
90% of them are not continuously managed according to 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines.3 Not only in China, but also in the 
US, Italy and South Korea, about 40–70% of COPD 
patients are not continuously managed according to 
GOLD guidelines.4–6 For COPD patients, inappropriate 
treatment usually increases the rate of exacerbations, 
symptoms, and medical cost, worsens the quality-of-life 
and physical activity, and decreases survival.7 Thus, it’s 
crucial to classify COPD patients who are not continu
ously managed according to GOLD guidelines. Those 
patients could get more help from physicians to get appro
priate treatment and improve their compliance with con
tinuous and standard treatment, resulting in an 
improvement of their prognosis. However, recall bias and 
subjectivity of the information from patients could inter
fere with the doctor’s decision, particularly when COPD 
patients are older in the majority. Therefore, it’s also help
ful for the doctor to get objective information about the 
treating history of COPD patients from a classification 
model.

In our study, we develop a model to classify whether 
COPD patients were continuously managed according to 
the GOLD guidelines using support vector machines 
(SVMs). SVMs are supervised machine learning techni
ques, which have been widely used in classification. SVMs 
work as a classifier by constructing a multidimensional 
hyper plane, which optimally discriminates two classes 
by maximizing the margin between the data clusters. 
SVMs are an effective approach for classification by 
using linear functions or special nonlinear functions, 
namely kernels, to transform the input space into 
a multidimensional space.8 SVMs are trained with 
a training dataset, in which each case is marked as one 
category of the two. The trained algorithm of SVMs devel
ops a model which could predict the category of a new 
case. Nowadays SVMs have been used in medical 
study.9–11

Based on the model from SVMs, we could make an 
objective judgment for COPD patients as to whether they'd 
been continuously managed according to GOLD guide
lines in the previous 1 year, which could help to improve 

compliance with standard treatment, resulting in an 
improvement of therapeutic effect and prognosis.

Methods
Study Design and Participants
A prospective cohort was conducted in Tongji Hospital, 
Tongji Medical College, Huazhong University of Sciences 
& Technology in Wuhan and Peking University Third 
Hospital in Beijing, China, from November 2017 to 
November 2019. Adult patients with acute exacerbation 
of COPD (AECOPD) diagnosed by pulmonologists 
according to the GOLD guideline in 201712 were enrolled 
in the study. Briefly, COPD was diagnosed based on 
a forced expiratory volume in 1 s (FEV1)/forced vital 
capacity (FVC) ratio <70%, with a reversibility of less 
than 15% after inhaling 200 mg of salbutamol. AECOPD 
is the stage that respiratory symptoms acutely worsen, 
leading to additional therapy. When AECOPD patients 
had become stable and retained that level for at least 1 
month, they were recruited into the study. All the pulmo
nologists were trained to diagnose COPD and manage 
patients according to GOLD guidelines in 2017 before 
the beginning of the trial.

Exclusion criteria for patients in the study were: 1) had 
other chronic pulmonary disease besides of COPD; 2) had 
a history of intubation within 3 years of enrollment; 3) 
were pregnant or prepared for pregnancy; or 4) had psy
chiatric disorders. Those subjects received COPD manage
ment according to GOLD guidelines in 201712 for 1 year. 
During this year, the subjects were received a face-to-face 
interview every 3 months. In each interview, subjects 
received a COPD assessment and adjusted therapeutic 
strategy according to GOLD guideline in 2017 based on 
the assessment. They also got education on smoking ces
sation and COPD self-care by a pulmonologist. That was 
the Managed group.

The Control group was from a retrospective cohort, who 
were hospitalized patients for AECOPD from October 2016 
to October 2017 in the same hospitals as the Managed 
group. They received COPD treatment according to GOLD 
guidelines in 201613 in the hospital. They were recruited into 
the study 1 month after leaving hospital when they were in 
a stable condition of COPD. They had a face-to-face inter
view 1 year after recruiting into the study. In the interview, 
they received COPD assessment by a pulmonologist and 
completd a survey about the period of being COPD managed 
after leaving hospital. The inclusion and exclusion criteria 
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were the same as subjects in the Managed group. In addition, 
subjects were excluded if they were continuously managed 
for more than 1 month after leaving hospital.

The study protocol was approved by the Institutional 
Review Board (Research Ethics Committee of Tongji 
Medical College, Huazhong University of Sciences & 
Technology). All methods were performed in accordance 
with the declaration of Helsinki, and informed consent was 
obtained from each subject. The ClinicalTrials.gov ID is 
NCT03314077.

In the Managed group, one of 16 subjects was excluded for 
not continuously being managed according to GOLD guide
lines for personal reasons within the 3 months. In the Control 
group, 217 subjects were retrospectively interviewed. Twenty- 
three of them were excluded for being continuously managed 
according to GOLD guidelines for more than 1 month after 
leaving hospital. Three subjects were lost to follow-up. Thus, 
15 subjects in the Managed group and 191 in the Control 
group were included in the final sample (Figure 1).

Candidate Features to Classify Patients
The candidate predictors included demography characteris
tics of patients, and indicators of COPD assessment based on 
GOLD guidelines 2017. They were sex, age, education level, 
smoking history, BMI before and after 1-year follow-up, 
moderate and severe AECOPD frequency in previous 12 
months before and after 1-year follow-up, modified medical 
British Research Council (mMRC) score after 1-year follow- 
up, COPD assessment test (CAT)14,15 score after 1-year 
follow-up, lung function testing results after inhaling bronch
odilator including FEV1, FEV1% predicted value (FEV1% 
pred), FVC, and FEV1/FVC before and after 1-year follow- 
up. Moderate and severe AECOPD were defined as GOLD 

guidelines.12 Briefly, the moderate AECOPD is defined as 
requiring systemic corticosteroids or antibiotics or both, and 
the severe one is defined as receiving treatment at the emer
gency department or hospital.12

Statistical Analysis
Data were analyzed using SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA). Group data were expressed as the mean 
±standard deviation (SD). Significant differences in patient 
characteristics were evaluated using independent-samples 
t-test or chi-square test. P-values<0.05 were considered to 
be statistically significant.

Support Vector Machines
The classification model was developed using the 
LibSVM algorithm.16 The model was built using Python 
3.5.5 programming language, scikit-learn 20.0 
library,17,18 which is a powerful tool for scientific 
research.19,20 In each group of subjects, 80% were ran
domly selected (training sample), who were used to 
develop the model. The remaining 20% (testing sample) 
served to test the model. Twelve patients in the Managed 
group and 151 in the Control group were randomly 
selected as the training sample, leaving three patients in 
the Managed group and 40 in the Control group as the 
testing sample. Since there was an imbalance in sample 
size between the Managed group and Control group (15 
vs 191), we applied a synthetic minority over-sampling 
technique (SMOTE)21 procedure to up-sample the 
Managed group. In order to keep the testing efficiency 
of the testing dataset in a real background, only the train
ing dataset was up-sampled, but not the testing dataset. In 
our SMOTE procedure, four nearest neighbors of each 

Figure 1 Population flow chart.
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sample in the minority class were used in the training 
model,22 which finally included 60 samples in the 
Managed group training dataset. The training data were 
standardized using z-score transformation, and the testing 
data were also transformed using the same parameters as 
those from the training data.

The support vector machine recursive feature elimina
tion (SVM-RFE) algorithm23 was used to find the fea
tures that could optimize the performance of the 
classifier. We used the grid-search and 10-fold cross- 
validation to train and estimate SVM hyperparameters. 
The grid-search was performed on the ranges of C = 
0.01–10, kernel = linear or radial basis function (RBF). 
The best hyper parameters were RBF kernel, cost para
meter as 1, gamma as scale. These hyperparameters and 
10-fold cross-validation were used to train the classifier 
using the training set. The performance of the classifier 
was assessed on the testing dataset, which was not used 
during the training step. Since being lost to follow-up 
lead to missing data in our study, we excluded data from 
those who were lost to follow-up.

Results
Patient Characteristics
Table 1 illustrates participants’ characteristics. The 
Managed group showed a higher proportion of smoking 
than the Control group. After 1-year of continuous 
management according to GOLD guidelines, the 
Managed Group showed less AECOPD frequency in 
the previous 12 months and a lower mMRC score 
than the Control group, whereas the AECOPD fre
quency was not significantly different before the fol
low-up. For patients in the COPD group according to 
the standard of GOLD, there were more patients in 
Group A and Group D in the Managed group than the 
Control group after 1-year follow-up, whereas there 
were less patients in Group B and Group C in the 
Managed group.

For lung function (Table 2), when inhaling 
a bronchodilator, FEV1 was significantly higher in the 
Managed group than the Control group before 1-year fol
lowing, while FEV1 was higher in the Managed group after 
1-year follow-up even though not significant. In contrast, 
FVC after inhaling a bronchodilator was significantly higher 
in the Managed group after 1-year follow-up, and was also 
higher before the follow-up, although not significant.

Model
When selected by SVM-RFE, the features in the model 
were smoking history, post-bronchodilator FVC before 
management, and those after 1-year follow-up including 
BMI, moderate and severe AECOPD frequency in the 
previous 12 months, mMRC score, post-bronchodilator 
FEV1, post-bronchodilator FEV1%pred, post- 
bronchodilator FVC, and post-bronchodilator FEV1/ 
FVC. Those features could classify whether COPD 
patients were continuously managed according to 
GOLD guidelines using SVM. When the model was 
tested in the testing dataset, the positive predictive 
value (PPV) is 66.7% and F1 score is 0.978. The under 
the ROC (AUC) is 0.987. The kappa is 0.788. Even 
though the SVM hyperparameters were estimated by 
grid-search, a sensitivity analysis was conducted by redu
cing hyperparameter C in order to observe the robustness 
of the model. When we decreased the C-value to 0.1, the 
testing results were the same as those of the primary 
model, suggesting the robustness of our model.

Discussion
This study shows that we were able to develop 
a multivariable classifier as a promising tool to identify 
whether COPD patients were continuously managed 
according to GOLD guidelines in the previous 1 year. 
This model includes variables from spirometry, BMI, and 
moderate and severe AECOPD frequency, which could be 
used by both pulmonologists and general practitioners in 
everyday care.

In our study, the classification model is developed 
using LibSVM,16 in which the hyperparameters were 
trained and estimated using the grid-search. The hyper
parameters for a model influence the efficiency of the 
classifier and the result of classification. The optimal 
values of hyperparameters could eliminate the possibility 
of overfitting and underfitting. However, it’s difficult to get 
optimal values of hyperparameters (C and kernel) in the 
training dataset on a given problem. Thus, we used a grid- 
search and 10-fold cross-validation technique to get the 
optimal values of hyperparameters for a kernel-based 
SVM model with the training dataset. The grid-search 
performs a comprehensive search over the specified para
meter values for an estimator. Since SVMs using grid- 
search have shown good performance in medical 
research,24–26 the selected hyperparameters in our study 
should be the best for the model and contribute to the best 
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results. In addition, our sensitivity analysis shows the 
robustness of the results of our model, confirming the 
optimal values of hyperparameters.

The imbalance problem in classification is quite com
mon in medical data. The imbalanced datasets result in the 
classifier, which has a bias towards the majority class and 
tends to produce a majority class classifier.27 In most 
cases, the class of interest is the minority class, which is 
the cause of lower sensitivity. In our study, the sample size 

of the Managed group and the Control group is signifi
cantly imbalanced (15 vs 191). To alleviate the effect of 
the imbalance in the training dataset, we adopted the 
powerful and effective SMOTE algorithm in the 
Managed group of the training dataset. In contrast, the 
SMOTE algorithm was not performed in the testing data
set, so the model could be tested in a real background. 
SMOTE performs better than simple oversampling when 
it’s with SVM as a base classifier.28 Moreover, since the 
overall effect of the model is significantly influenced by 
correctly classifying the majority class, we assessed the 
performance of the model, in our study, using f1 score, 
PPV, and AUC, which take into account the performance 
regarding the minority class as well. Our results showed 
a good performance of the model to classify patients 
between the Managed group and Control group in the 
testing sample, suggesting a good generalization of the 
model.

In our study, nine features to classify those subjects 
were selected using SVM-RFE, which are smoking his
tory, post-bronchodilator FVC before management and 
those after 1-year follow-up including BMI, moderate, 
and severe AECOPD frequency in previous 12 months, 
mMRC score, post-bronchodilator FEV1, post- 
bronchodilator FEV1%pred, post-bronchodilator FVC, 
and post-bronchodilator FEV1/FVC. According to GOLD 
guidelines, spirometry is the basis for COPD diagnosis and 

Table 1 Participants’ Characteristics in the Managed Group and 
the Control Group

Variables Managed 
Group 
(N=15)

Control 
Group 
(N=191)

P-values

Sex (male) 13 (86.7%) 158 (82.7%) 0.972
Age (years) 62.2±10.6 66.5±10.3 0.145

Education (years) 0.055

≤6 3 (20.0%) 82 (42.9%)
7–9 4 (26.7%) 51 (26.7%)

10–12 2 (13.3%) 32 (16.8%)

≥13 6 (40.0%) 26 (13.6%)
Smoking (yes) 12 (80.0%) 95 (49.7%) 0.024

BMI before 1-year 

follow-up (kg/m2)

22.2±3.2 22.8±3.8 0.571

BMI after 1-year 

follow-up (kg/m2)

22.6±3.1 23.7±2.0 0.184

AECOPD_12 before 
1-year follow-up

2.4±2.4 1.5±1.0 0.150

AECOPD_12 within 

1-year follow-up

0.6±1.0 2.0±1.4 <0.001

mMRC score after 

1-year follow-up

0.9±0.5 1.6±0.9 <0.001

CAT score after 
1-year follow-up

8.7±3.9 11.1±6.2 0.132

GOLD group before 1-year follow-up 0.059

A 5 (33.3%) 20 (10.5%)

B 3 (20.0%) 81 (42.4%)
C 5 (33.3%) 61 (31.9%)

D 2 (13.3%) 29 (15.2%)

GOLD group after 1-year follow-up <0.001

A 5 (33.3%) 1 (0.5%)
B 5 (33.3%) 149 (78.0%)

C 2 (13.3%) 39 (20.4%)

D 3 (20.3%) 2 (1.0%)

Abbreviations: BMI, body mass index; AECOPD, acute exacerbation of chronic 
obstructive pulmonary disease; AECOPD_12, AECOPD frequency in previous 12 
months.

Table 2 Participants’ Lung Function Post Inhaling Bronchodilator 
in the Managed Group and the Control Group

Variables Managed Group 
(N=15)

Control Group 
(N=191)

P-values

Lung function before 1-year follow-up

FEV1 (L) 1.84±0.89 1.43±0.69 0.032

FEV1%pred 

(%)

62.2±26.4 52.4±21.1 0.093

FVC (L) 3.19±1.21 2.84±0.88 0.144

FEV1/FVC 
(%)

47.0±15.8 53.8±39.3 0.507

Lung function after 1-year follow-up

FEV1 (L) 1.74±0.83 1.38±0.29 0.112

FEV1%pred 
(%)

62.2±26.7 50.7±6.1 0.119

FVC (L) 3.20±0.94 2.62±0.36 0.033

FEV1/FVC 
(%)

53.6±15.6 51.2±5.7 0.572

Abbreviations: FEV1, forced expiratory volume in 1 second; % pred, % predicted; 
FVC, forced vital capacity.
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airflow limitation assessment.12 And mMRC score and 
moderate or severe exacerbation history are the basis for 
assessing symptoms and the risk of exacerbation.12 First, 
the mMRC score is useful to assess dyspnea symptoms, 
the risk of exacerbation, and hospitalization.29 Second, 
moderate and severe AECOPD accelerates the process of 
COPD, which relates with high mortality and a repaid 
decline in health status.12,30,31 Thus, moderate and severe 
AECOPD is considered in COPD assessment. Third, BMI 
is associated with FEV1 decline in COPD patients,32 indi
cating the therapeutic efficiency. Therefore, mMRC score, 
moderate and severe exacerbation history, and BMI are 
closely related with the efficiency of COPD treatment and 
the prognosis of patients. On the other hand, in GOLD 
guidelines, the overall goals of COPD management are to 
optimize pulmonary function, to prevent progression, to 
improve quality-of-life, and to prevent and reduce the 
frequency and severity of exacerbations.12 Thus, those 
features in our model were consistent with the overall 
goal of COPD management according to GOLD guide
lines. Moreover, those predicative indicators are objective 
and accessible in clinical practice. Therefore, our model 
has implementation feasibility in clinical practice.

Since the overall goals of COPD management in 
GOLD guidelines are related with pulmonary function, 
prevent progression, exacerbations, and symptoms,12 we 
selected candidate features for the model as follows: 
demographic characteristics, smoking history, BMI, mod
erate and severe AECOPD frequency in previous 12 
months, mMRC score, CAT score, post-bronchodilator 
FEV1, FEV1%pred, FVC, and FEV1/FVC before and/or 
after 1-year follow-up. Those candidate predictors are 
involved in the overall goals of COPD standard manage
ment. The GOLD COPD group of patients was not 
selected as a candidate in our model, because the factors 
to assess patient’s COPD group have been included in the 
model, such as post-bronchodilator FEV1 and FEV1% 
pred, mMRC score, CAT score, and moderate and severe 
AECOPD frequency in previous 12 months. Those factors 
that were respectively selected into the model could keep 
more information than using the COPD group of patients. 
That could avoid multicollinearity between features in the 
model as well.

We acknowledge limitations in this study. First, the 
controls were not parallel to the Managed group. The 
controls were recruited from a retrospective cohort, com
prising hospitalized patients with COPD 1 year before the 
Managed group recruitment. Although the controls were 

diagnosed according to GOLD 2016 guidelines, the diag
nosis standard and the majority of management in GOLD 
2016 guidelines were the same as GOLD 2017 which was 
used for the Managed Group.12,13 Moreover, controls were 
recruited from the same hospitals as the Managed group, 
as well as using the same inclusion and exclusion criteria. 
Thus, it may not bias the results of this study. Second, the 
sample size in the Managed group was significantly smal
ler than the Control group (15 vs 191). We adopted the 
SMOTE21 up-sampling algorithm to increase the sample 
size of the Managed group in the training dataset. The 
SMOTE up-sampling algorithm adds synthetic data 
between the minority sample and its nearest neighbors 
based on a distance which is calculated by standard 
Euclidean distance between minority samples. That 
SMOTE algorithm avoids problems caused by simple 
oversampling with replacement and undersampling, such 
as low generalization of the final model or not taking full 
advantage of the original dataset.33–35 Furthermore, when 
we tested the model in the testing dataset without up- 
sampling, our model showed a good performance in f1 
score, PPV, and AUC. Thus, SMOTE could solve the 
problem of imbalanced sample size between two groups 
in our SVM model.

Conclusions
In conclusion, a limited number of quantitative indicators 
could classify whether COPD patients are continuously 
managed according to GOLD guidelines in the previous 
1 year. This classification model could be useful and read
ily applicable in clinical practice to help doctors make 
decisions and enhance COPD patients’ compliance with 
continuous and standard treatment according to GOLD 
guidelines in the long-term, which is crucial to improve 
the prognosis of COPD patients.
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