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Background: In China, the high prevalence and mortality rate of Chronic Obstructive

Pulmonary Disease (COPD) and the poor intervention effect makes it into a heavy social

burden. The main reason is that the current diagnosis of COPD mainly based on the static

lung function, which is difficult for early intervention. Through matching a predictive model

for high-risk groups of COPD that rewards FEV1 rapid decline as the core, we will establish

the early warning model and prove its validity and socio-economic value.

Methods: This is a multi-center, prospective, cohort study. A total of 10,000 people aged

40∼75 without lung disease will be recruited and followed for 3 years. Some questionnaires

such as St George’s Respiratory Questionnaire (SGRQ), income class, educational level,

comorbidity, smoking habit, and biomass smoke exposure history will be collected. The

baseline level of Interleukin 6 (IL-6), high-sensitivity C-reactive Protein (hs-CRP),

microRNAs-23a (miR-23a) in peripheral blood and pH value in exhaled breath condensate

(EBC) will be measured, lung spirometry will be tested in the first, second, and fourth years.

Primary outcome is the incidence of COPD, multivariate regression analysis will be used to

establish the predictive model for COPD in China.

Discussion: With the rapid decline of lung function as the core and the baseline inflamma-

tory biomarkers in peripheral blood and pH of the exhaled breath condensate as affecting

factors, a predictive model to achieve early detection of high-risk COPD groups will be

established and promoted.

Trial registration: This study has been registered at www.ClinicalTrials.gov (registration

identifier: NCT03532893) on 21 May 2018, https://register.clinicaltrials.gov.
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Background
COPD is characterized by persistent airflow limitation due to airway and/or

alveolar abnormalities that are usually caused by exogenous exposure to noxious

particles or gases.1,2 COPD is the fourth leading cause of death worldwide in 2010,

but it is predicted to be the third by 2020.3,4 More than three million people died of

COPD in 2012 accounting for 6% of all deaths globally; many people suffer from

it for decades and die prematurely from it or its complications. Globally, COPD is

associated with significant economic burden, which is projected to increase in

coming decades because of continued exposure to COPD risk factors and aging of

the population.5 And in China, the overall incidence of COPD estimated was about

8.2% in 2007,6 and then increased to 8.6% in 2015 as spirometry-defined COPD.7
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COPD represents an important public health challenge

that needs continuous treatment. Hence, it is particularly

important to establish early warning model of COPD,

which can help us identify high-risk groups of COPD as

early as possible and give early intervention, so as to

prevent the occurrence and development of COPD and

reduce the burden of social diseases.

It should start with the pathophysiological mechanism

of COPD to establish the early warning model including

reduced lung function due to small-airway obstruction,

alveolar damage caused by inflammatory factors. Then, it

needs to combine Chinese special circumstances to estab-

lish a special warning model. The special circumstances

contain the special dietary and lifestyle habits of drinking

tea, high levels of air pollution exposure, biofuels, smok-

ing, cultural, economic and other characteristics.

The presence of poorly reversible airflow limitation, as

measured by the forced expiratory volume in 1s (FEV1)/

forced vital capacity (FVC) ratio, is the core pathophysiolo-

gical characteristic of COPD definition8. COPD should be

considered in any patient who has dyspnea, chronic cough or

sputum production, and/or a history of exposure to risk

factors for the disease, while the presence of a post-

bronchodilator FEV1/FVC <0.70 confirms the presence of

persistent airflow limitation to make a definite diagnosis.

Fletcher and Peto first described the progressive decline in

lung function considered a hallmark feature of COPD,9 and

the accelerated decline in FEV1 is the characteristic of

COPD,10 so that measuring lung function by spirometry to

find the FEV1 rapid decline population and giving regular

follow-up is the key to early diagnosis of COPD.

It is clear that airway and lung inflammation is a primary

feature of COPD, which leads to the progressive chronic

airflow limitation.11 The inflammatory process of COPD is

driven by classical cytokines and chemokines, such as IL-1,

IL-6,12 IL-8. Among the cytokines, IL-6 is known as a key

factor of increased CRP level in COPD patients13 and play

a particular role in COPD: elevated concentrations of it

correlate with a decrease in FEV1 sec and are related to

high frequencies of COPD exacerbations.14

Just like the inflammatory factors of peripheral blood,

the biological indicator in exhaled breath condensate is

also the focus of COPD study. Exhaled breath condensate

(EBC), the liquid that can be collected by breathing into

a condensing unit has been proposed to represent informa-

tion about airway lining fluid (ALF).15 EBC analysis has

been considered as a promising non-invasive way for

investigating respiratory diseases, as well as the pH of

the condensate is the characteristic that can be determined

with the highest reproducibility.16 Meanwhile, the pH of

EBC indicates different physiological and pathological

states of airway, while acidification of it was first

described in asthma exacerbation,17 then in COPD.18

Then, the pH of EBC may reflect the Inflammation or

allergies state of the airway. The EBC approach is useful

not only due to its low risk but also because it is sensitive

enough to detect subclinical inflammation.

MicroRNAs (miRNAs) are endogenous, approximately

20–25nt, noncoding RNAs that can target mRNAs for the

cleavage of translational repression.19 MiRNAs have been

demonstrated to participate in the pathogenesis and devel-

opment of COPD. Among the MicroRNAs, miR-23a was

downregulated in COPD patients indicating its potential role

in the development of COPD, including inflammation, oxi-

dative stress, immune imbalance, EMT, cell proliferation,

apoptosis, and lipid metabolism.20 And miR-23a was

reported to be associated with the loss of muscle force

during the AECOPD,21 similarly, miR-23a was the potential

and promising biomarker for discriminating frequent exacer-

bates from non-frequent exacerbates of COPD patients.20

As mentioned above, the accelerated decline in FEV1

is the core characteristic of COPD, inflammatory biomar-

kers including IL-6 and high-sensitivity C-reactive protein

(hs-CRP) and miR-23a are involved in many facets of

COPD pathogenesis while the pH of EBC may reflect

the Inflammation or allergies state of the airway. Primary

care should play the critical role in prevention, early

diagnosis, and management of COPD. Hence, by combin-

ing the rapid decline in FEV1, serum IL-6 and hs-CRP

level, peripheral blood miR-23a level and the pH of EBC,

we aim to explore the predictive model for COPD, to

prove its validity and promote it to primary care.

Methods/Design
Study Design
This is a multi-center, prospective, cohort study. A total of

10,000 subjects aged 40～75 without lung disease will be

recruited from 10 provinces in China and followed for

the second and fourth year. Baseline information collec-

tion, pH of EBC, blood sample collection, and inflamma-

tory factor levels detection will be completed in the

first year, spirometry will be tested in the first, second,

and fourth year. In the second year, according to FEV1, the

subjects will be divided into rapid decline group (RD

group) and non-rapid decline group (NRD group).
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The Department of Respiratory and Critical Care of

Peking University First Hospital is responsible for this

research. Other nine units participating in the study include

the Second Hospital of Hebei Medical University, Henan

Provincial People’s Hospital, the Second Hospital of Jilin

University, the First Affiliated Hospital of Xi’an Jiaotong

University, Shandong Provincial Hospital Affiliated to

Shandong University, Shanxi Dayi Hospital, Tianjin Medical

University General Hospital, the Affiliated Hospital of Inner

Mongolia Medical University, the First Hospital of

Qinhuangdao. The 10 units are in areas of northern China

where air pollution is high, but the specific levels vary. The

education and income level of participants in each unit are also

different. In a word, the 10 units of the study could reflect the

inclusion and diversity of the study.

Study Population
Investigators or physicians of each center will explain the

study in detail to potential participants from inferior com-

munities of each center. Total of 10,000 subjects will be

enrolled after signing consent forms.

The inclusion criteria are 1) 40–75 years old; 2) FEV1/

FVC>70% after inhaled bronchodilator; 3) have willing to

participate in this study, follow the research program and

have the ability to sign the informed consent; 4) lived in

the screening community for more than 1 years and has no

plans to move out in the next 4 years; 5) can be contacted.

The exclusion criteria are 1) history of asthma, COPD,

lung cancer, active pulmonary tuberculosis, bronchiectasis,

diffuse lung disease (interstitial pneumonia, pulmonary

sarcoidosis, occupational lung disease, sarcoidosis et al)

and pleural disease; 2) history of lobectomy and/or lung

transplantation; 3) predicted life expectancy less than 3

years; 4) history of severe psychiatric illnesses, mental

disorders, neurological disorders, malignant tumors,

chronic liver disease, heart failure, autoimmune diseases,

chronic kidney disease; 5) alcoholism, drug abuse or abuse

of toxic solvents; 6) Cannot finish long term follow-up or

poor compliance.

Baseline Data Collection
After carefully reading and signing the informed consent,

the subject should fill in the detailed screening question-

naire for further determining whether the subjects met the

criteria of this study. The information of demographic

data, medical and medication history, questionnaire such

as St George’s Respiratory Questionnaire (SGRQ), income

class, educational level, comorbidity, smoking habit and

biomass smoke exposure history, family history and main

results of physical, laboratory, and lung function test will

be collected. The flowchart of this study is shown in

Figure 1.

The baseline level of laboratory detection including

Interleukin 6 (IL-6), high-sensitivity C-reactive protein

(hs-CRP), microRNAs-23a (miR-23a) in peripheral blood

and the pH of EBC will be measured. Il-6 is detected by

enzyme-linked immuno-sorbent assay (ELISA). miRNA-

23a is detected by real-time quantification polymerase

chain reaction (RT-QPCR).

Pulmonary function is monitored by portable lung

function instrument COPD-6, UK Ireland. The preparation

process includes the following: first, install two batteries

into COPD-6 and start-up; second, enter the subject’s age,

height, and gender; third, insert the disposable nozzle.

Next, is the monitoring process: subjects inhale in hardly

to maximum state, pause for a second and pinch the nose

at the same time, and then bite and wrap the disposable

nozzle to blow with the maximum power in the fastest

speed until hearing two cue sounds which mean 6 s. The

above blowing process needs to be repeated three times. If

the screen says “!”, it means a bad air blowing that needs

a reblown. Last, project investigators can press “enter” to

display the best results of three blows and transfer data to

a computer.

EBC will be collected using a condensing device

(Huitongboyu technology co. LTD, China). The machine

will be switched on at least 30 mins before collection

to allow the cooling cuff to reach operating temperature

(−35°C). The sealing cap will be applied to the cuff to

insulate the internal cooling area and to avoid condensation

of ambient moisture (which would freeze the lamellar con-

denser onto the cuff when it is inserted). EBC will be

collected for at least 15 mins, during which time subjects

are seated, wearing a nose clip and instructed to breathe

tidally. Approximately 2 mL of condensate will be obtained

per collection. After collection, the interface will be

removed from the cooling cuff, and the sealing cap re-

placed. With the condenser held upright, the sample collec-

tion vessel will be removed and its contents defrosted.

Samples will be deaerated with inert argon gas (350 mL/

min for 10 mins). EBC pH will then measured using an

electronic pH meter (Leici, China). The pH meter, with

a resolution of 0.01 and a working range from −2.00 to

16.00, will be calibrated using standard pH buffer solutions

daily before usage. Then, exhaled breath condensate will be

stored in labeled cryotubes. Samples are immediately stored
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at −80°C for later analysis. The reusable collection interface

will be sterilized according to the manufacturers’ recom-

mendation. All components will then be thoroughly rinsed

in double distilled and de-ionized water to avoid sample

contamination.

Follow-Up Schedule
Subjects will be formally visited in the second year and the

fourth year. Questionnaires including SGRQ will be filled

out and spirometry will be tested. The continuous moni-

toring data of air pollution (daily PM2.5, NO2, SO2, O3,

etc.) in the cities where subjects living in will be recorded.

The details needed during the study are listed in Table 1.

Outcomes
Primary outcome is the incidence of COPD in the fourth year

diagnosed according to GOLD2017.

Secondary outcomes include 1) the decline rate of

FEV1; 2) The baseline indexes of subjects, including IL-6, hs-

CRP, microRNA-23a, pH of EBC, ambient air pollution level.

Data Collection and Management
All data will be recorded on an electronic data capture (EDC)

system. And the data will be uploaded through the smart way

to avoid errors caused by human input, such as the laboratory

test results will be exported through excel and the pulmonary

function will be exported through PDF, then the data entry

team will extract the data from them. Project investigators of

each center, study coordinators, investigators for follow-up

visits and data managers will have accordingly authorized

access to this system. Complete online data will be exported

into the electronic data capture. Online data will be moni-

tored carefully by two data managers every month, the main

content of data quality control is data integrity and lung

function data monitored by COPD-6.

Data inspectors will browse the electronic data system

to verify the integrity of the subject’s information, and

determine the accuracy of pulmonary function reports.

About pulmonary function reports, data inspectors need

focus on two key aspects, firstly, the subjects must blow

out ≥3 times of pulmonary function test to ensure 3 times

of good blows; secondly, the variation of FEV1 and FEV6

in the three results of good blows should stay within 5%

and the value should not exceed 150 mL.

Sample Size
According to the pre-experiment and related literatures,

the prevalence of COPD in the natural population was

Non-COPD 

subjects(10000)

FEV1 decline rate

Baseline data

Demographic information

Respiratory symptom 

questionnaire

Physical examination

Lung function information

Laboratory examination

pH value of EBC

30ml per year

FEV1 rapid decline 

group (RD group)

FEV1 not-rapid decline 

group (NRD group)

COPD non-COPD

Establish a predictive model

Evaluate the model effectiveness

and the health economics value

With the rapid decline of lung function

as core point and the baseline

inflammatory biomarkers in peripheral

blood and pH of the exhaled breath

condensate as affecting factors

Recruitment

The second year

The fourth year

Figure 1 The study flowchart.
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8.2%,6 and the rate of lung function rapid decline in non-

COPD subjects was approximately 20%. Wang et al

showed that approximately 32% of ever smokers exhibited

FEV1 rapid decline. Among ever smokers without

a baseline spirometric abnormality, rapid decline was asso-

ciated with an increased risk for incident COPD (OR,

1.88; P=0.003).22 Through long-term follow-up observa-

tions, short-term monitoring (1–5 years follow-up) of rapid

FEV1 decline people, they continued showing accelerated

FEV1 decline even appeared risk of airway obstruction and

airflow limitation, and the ratio was about 3–18 times

higher than normal people.23

Assuming the difference of FEV1 decline between the

FEV1 rapid decline group (RD group) and FEV1 not-rapid

decline group (NRD group) is 15 mL,24 with the help of

PASS11.0 software to sample size estimation, a total of

680 COPD subjects are required after 4 years to make

an 80% power with a two-sided significance level of

0.05. Considering a dropout rate of approximately 20%

and subject compliance, a total of 10,000 participants will

be enrolled in this study.

Statistical Analysis
Two-tailed tests will be used in all statistical analysis, and

p values < 0.05 will be considered to have statistical

significance (unless otherwise specified). Numeric vari-

ables will be presented as mean (standard deviation) or

median (minimum, maximum; or interquartile range) and

categorical variables will be presented as number of cases

(percentage).

Accordingly, data will be analyzed according to data

characteristics with independent sample t test, Wilcoxon

rank-sum test, chi-square test, continuity correction Chi-

squared test or Fisher’s exact test. Pearson correlation

analysis or spearman correlation analysis will be adopted

for correlation analysis according to data characteristics.

About the primary outcome of COPD incidence in the

fourth year diagnosed according to GOLD2017. Multivariate

logistic regression model will be used for multivariate ana-

lysis to establish the predictive model for COPD in China,

the variable factors including FEV1 rapid decline, serum IL-

6 and hs-CRP level, peripheral blood miR-23a level, the pH

value of EBC, ambient air pollution level, smoking habit,

biomass exposure history, and demographic data. And survi-

val analysis will be used to estimate the correlation between

covariates and COPD incidence.

About the secondary outcome of correlation between

the rate of FEV1 decline and other parameters, such as

inflammatory biomarkers, microRNA-23a, smoking habit,

biomass exposure history, eating habit, incoming class,

and occupation of subjects, we should first assess which

covariates could include in the final prediction model

based on the R2 or AIC, or p-value, then consider whether

if the indicator will be finally incorporated into the predic-

tion model equation.

The influences associated with different centers or

baseline data will be considered.

Characteristics of baseline will be summarized with

equilibrium test. Inflammatory biomarkers, microRNA-

23a, smoking habit, biomass exposure history, eating

habit, incoming class and occupation of subjects will be

compared between the RD and NRD group.

For a quick directory of all files, you could find in

Supplementary Table 1: SPIRIT-checklist

Discussion
Chronic obstructive pulmonary disease (COPD) is currently

defined as “a preventable and treatable disease” with some

significant extrapulmonary effects that may contribute to the

severity in patients. Prevalence surveys indicate that up to

almost 15% adults aged ≥40 years old have mild airflow

obstruction.25,26 In the past few decades, there were much

important progress in the understanding of the epidemiology,

pathophysiology, diagnosis, and treatment of COPD, but

important issues remain unresolved including the early

Table 1 Follow-Up Schedule and Data Needed

Follow-Up Visit 1 2 3

Time Nodes Recruitment The Second

Year

The

Fourth Year

Subject screening

questionnaire

√

Informed consent √

Basic information √

Physical examination √

Laboratory

examination

√

Exhaled breath

condensate

√

Lung function √ √ √

Respiratory

symptom

questionnaire

√ √ √

Note: √indicates that it needs to be done.
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warning and diagnosis of COPD.4 Among COPD patients,

the intervention (including smoking cessation, reduction in

exposure to environmental and occupational risk factors, and

yearly influenza vaccinations) lessens the decline of FEV1 by

about 35mL per year,27 which slows disease progression and

lowers mortality by 18%28 Hence, the predictive model to

achieve early detection of high-risk COPD groups so that

providing timely intervention to slow the occurrence and

progression of COPD is of great significance for the people

≥40 years old all over the world.

In clinical practice, clinician use the GOLD definition of

chronic airflow obstruction, for which the threshold is

a postbronchodilator ratio of forced expiratory volume in 1s

(FEV1) to forced vital capacity of 0.7. The rapid rate of FEV1

decline is a rare feature of airflow limitation, especially for

biomass-induced ones.29 Among the COPD patients, most of

them are exposed to the cigarette smoke or tobacco smoke, so

that the rapid decline of FEV1 is of great concern in the

predictive model for early detection of high-risk COPD

groups. How to choose the cut off criterion of decline in

lung function is crucial. In addition to the normal physiolo-

gical decline in lung function with age and gender, patients

with COPD typically experience progressively and rapidly

declining pulmonary function. Studies have confirmed that

the average rate of FEV1 decline in patients with COPD is

approximately double that of subjects without the

disease.30,31 A review article showed the mean rate of

FEV1 decline ranged from 40mL/year to 65mL/year

observed in large COPD studies in patients with mild-

moderate degrees of airflow limitation.32 Along with

a study had defined annual FEV, decline of 30 mL/year as

a rapid decline,22 we choose 30mL/year of FEV1 decline to

be the group standard to divide subjects into groups of RD

group/NRD group in the second year of research.

There are many predictive models of COPD disease

before, including the Peabody model,33 which estimates of

COPD prevalence; the Atsou model34 which gave the life

expectancy gains of individual smokers who quit smoking

and associated costs; and the Pichon-Riviere model35 which

gave the costs and cost-effectiveness of smoking quit pro-

grammes. However, in China, early diagnosis, prevention,

and treatment of COPD are deficient. Ethnic, lifestyle, air

pollution levels, education, cultural between Chinese and

western countries is different; therefore, the prediction

model of COPD in China is urgent needs to be established.

In addition to lung function, the serum inflammatory

markers are also critical in the development of COPD

which is characterized by chronic inflammation of the

respiratory tract. Among previous studies, IL-6 and CRP

were core inflammatory molecules in COPD. IL-6 was

a cytokine secreted by monocytes/macrophages, T cells,

B cells, fibroblasts, bone marrow stromal cells, keratino-

cytes, and endothelial cells, CRP was almost secreted by

hepatocytes.36 Some studies have shown that increased

interleukin-6 (IL-6) levels may be associated with the

progression of COPD.15,37 Along with IL-6, CRP is

a commonly used biomarker of systemic inflammation in

patients with COPD.14 Plasma CRP levels are elevated in

COPD38 and are associated with increased mobility and

mortality.39 Except the mobility and mortality, CRP levels

are associated with the clinical status of COPD patients,

such as exercise tolerance and muscle strength. IL-6 and

CRP levels are both critical in the progression of COPD,

and CRP is regulated by IL-6 in hepatocytes, means IL-6

and CRP levels correlate in COPD patients.40 In a word,

IL-6 and CRP are identified as important factors in the

prediction model.

Not only in serum but inflammation response has also

happened in pulmonary microenvironment. Exhaled breath

condensate (EBC) has been proposed to represent information

about ALF, and it is assumed that airway surface liquid

becomes aerosolised during turbulent airflow and that the

content of the condensate reflects the composition of airway

surface liquid. Among the huge number of indicators of EBC,

the pH of the expired breath condensate might be a simple,

inexpensive, and easily repeatable procedure for the evaluation

of the inflammatory process in airway diseases. Previous study

shows that endogenous airway acidification (assessed by pH in

expired breath condensate) has been implicated in asthma

pathophysiology.17 In patients with COPD and bronchiectasis,

the values of pH were significantly correlated with both spu-

tum neutrophilia and oxidative stress.18 In consideration of the

EBC could reflect the level of airway inflammation, and is

a non-invasive and repeatable operation, we choose it as the

factor of the prediction model.

MicroRNAs (miRNAs) are small endogenously

expressed noncoding RNAs that regulate gene expression

at the posttranscriptional level, inhibiting or degrading their

target RNAs.41 These molecules secreted by different cells

could circulate freely in mammalian blood, and several stu-

dies have proposed that they can serve as biomarkers for

different diseases, such as early myocardial infarction and

heart failure. MiRNAs comprise one of the more abundant

classes of gene regulatory molecules in multicellular organ-

isms and likely influence the output of many protein-coding

genes. Previous studies have identified a number of
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microRNAs that may have significant regulatory functions in

the progression of COPD, such as miR-210 contributed to

abnormal airway remodeling,42 miR-146a-5p involved in the

epithelial-fibroblast cross talk,43 the up-regulation of miR-7

might provide potential biomarkers for therapeutic strategy44

andmiR-20a to miR-181a was associated with the early stage

of COPD in asymptomatic heavy smokers.45 Among the

MicroRNAs, miR−23a was the critical player in the devel-

opment of COPD involving into inflammation, oxidative

stress, immune imbalance, EMT, cell proliferation, apoptosis

and lipid metabolism20 As important role as miR-23a in

progression of COPD, it has been chosen as a critical factor

in the predictive model focusing on achieving early detection

of high-risk COPD groups.

In conclusion, many inflammatory factors are signifi-

cantly correlated with the occurrence and development of

COPD, but unfortunately, there are no COPD-specific bio-

markers. And as early as possible in diagnosing COPD and

providing timely intervention can alleviate the enormous

socio-economic pressures of COPD. Therefore, the predic-

tive model received by multivariate regression analysis,

which is composed of FEV1 rapid decline, serum IL-6 and

hs-CRP level, peripheral blood miR-23a level and pH value

of EBC is of importance. The predictive model for screening

high-risk groups of COPD is suitable for primary care pre-

vention. We hoped to use the predictive model to achieve

early detection of high-risk COPD people so that providing

timely intervention to slow the occurrence and progression of

COPD, eventually reducing socio-economic pressure and

improving the living quality of COPD patients.

Abbreviations
COPD, chronic obstructive pulmonary disease; SGRQ, St

George’s Respiratory Questionnaire; IL-6, Interleukin 6; hs-

CRP, high-sensitivity C-reactive protein; miR, microRNAs;

EBC, exhaled breath condensate; FEV1, forced expiratory

volume in 1s; FEC, forced vital capacity; ALF, airway lining

fluid; EMT, epithelial–mesenchymal transition.

Trial Status
The trial is currently at the stage of patient recruitment and

data collection.

Ethics Approval and Consent to
Participate
The first version study protocol has been approved by the

Peking University First Hospital Institutional Review

Board (IRB) (2018[31]) on 7 March 2018. Any protocol

modifications will be submitted for the IRB review and

approval. The study will be conducted in accordance with

Good Clinical Practice (GCP) requirements and ethical

principles of the Declaration of Helsinki. The purposes,

procedures, as well as potential benefits and risks of the

study, will be explained carefully by investigators with

a written informed consent. Written informed consent

will be obtained from each participant or from the surro-

gate of the participant who cannot provide informed con-

sent. Personal information and related documents of all

participants will be kept strictly. Every participant will be

identified by a subject number and a name acronym in the

Case Report Form. Results of the study will be submitted

to peer-reviewed journals and academic conferences and

until now not any result of this study has already been

published or been submitted to any journal.
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