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Background: The differential diagnosis of acute exacerbation of chronic obstructive pul
monary disease (AECOPD) with acute pulmonary embolism (APE) complications are 
difficult because of the variability of clinical presentations and the shortage of an unfailing 
screening biomarkers or instruments.
Objective: Aimed to detect and compare the expression of serum microRNAs (miR-1233, 
miR-134) in AECOPD patients complicated with APE.
Patients/Methods: Blood samples were collected from 52 AECOPD patients (13 patients 
with APE complications, 39 patients without APE) and 10 patients with stable COPD. Serum 
miRNAs expression was detected with real-time quantitative reverse transcription polymer
ase chain reaction (qRT-PCR). The levels of plasma D-dimers were determined by detection 
with an enzyme-linked immunosorbent assay (ELISA). The receiver-operator characteristic 
(ROC) curve was used for evaluating the diagnostic accuracy of the studied miRNAs.
Results: According to the Wells score, 42 of the 52 AECOPD patients were unlikely to have 
APE (≤4 points), whereas the remaining 10 (>4 points) were likely to have APE. There were 
4 cases (4/13 30.8%) in the AECOPD combined with APE group with a Wells score of >4 
points. The expression levels of miR-1233 and miR-134 in the serum were considerably 
upregulated in the AECOPD+APE group compared with the AECOPD group and the stable 
COPD group (P<0.05). The areas under the curve (AUCs) for miR-134 and miR-1233 were, 
respectively, 0.931 (95% CI 0.863–0.999) (P<0.05) and 0.884 (95% CI 0.79–0.978) (P<0.05) 
and were higher compared with the AUC for D-dimer of 0.628 (95% CI 0.447–0.809), the 
AUC for age-adjusted D-dimer of 0.705 (95% CI 0.525–0.885) and the AUC for Wells score 
of 0.577 (95% CI 0.389–0.765).
Conclusion: Our study indicated that serum miR-1233 and miR-134 have high clinical 
value in the early diagnosis of AECOPD patients combined with APE, or could be used as 
potential biomarkers for clinical identification of AECOPD with or without APE 
complication.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, acute pulmonary 
embolism, D-dimer, microRNA, biomarker

Introduction
The total number of chronic obstructive pulmonary disease (COPD) cases in China 
is about 100 million. The prevalence of COPD in people over 40 years old was 
13.7% and more than 27% in people over 60 years old. Among them, the number of 
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men is 2.2 times than women.1 Acute pulmonary embo
lism (APE) is a frequent disease associated with high 
morbidity and mortality, requiring rapid diagnosis and 
treatment.2,3 APE is also the third cause of acute cardio
vascular death, which causes approximately hundred thou
sand deaths per year in the United States, with a short-term 
mortality rate reaching up to 16%, second only to acute 
myocardial infarction (AMI) and stroke.4–7

COPD is regarded as an independent risk factor for 
APE.8,9 A population-based cohort study found that the 
incidence of APE in patients with COPD was four times 
higher than that in patients with non-COPD.10 However, 
because the clinical symptoms of APE are similar to 
AECOPD, when patients with known COPD present 
signs such as dyspnea, chest pain or cough, it is difficult 
to distinguish AECOPD caused by airway inflammation 
alone or caused by APE because both conditions can cause 
dyspnea, tachypnea, tachycardia, and cough, etc.11,12

Currently, the diagnosis of APE is primarily based on 
the amalgamation of blood tests with imaging analyses. 
Unfortunately, the D-dimer test is good for “ruling out” 
but not “ruling in” APE.13,14 In addition, many factors can 
cause the rise of D-dimer and even if the age-adjusted 
D-dimer test results are used to judge, but some patients 
can still be missed and delayed.15,16 Computed 
Tomography Pulmonary Angiography (CTPA) is reported 
as the “gold standard” for the diagnosis of APE.17 

However, patients with renal insufficiency and iodine-con
taining contrast agents hypersensitivity often limit its use. 
Moreover, the use of CTPA also has the problem of radia
tion exposure.18–20 In addition, in clinical practice, many 
doctors overuse CTPA in order to reduce missed diagnosis, 
resulting in waste of medical supplies and excessive med
ical costs. Therefore, it is necessary to explore non-inva
sive, simple and reliable new biomarkers for the diagnosis 
of AECOPD complicated by APE.

MicroRNAs (miRNAs) belong to the class of endogen
ous, non-coding small RNA molecules that are only 21−25 
nucleotides long, acting as posttranscriptional inhibitors of 
their target genes through binding to 3ʹ-untranslated 
regions (3ʹ-UTRs) of target mRNAs.21,22 MiRNAs play a 
vital role in biological processes such as cell differentia
tion, proliferation, metabolism, aging, and apoptosis, 
thereby participating in the pathogenesis of various 
diseases.23 In recent years, plasma and serum miRNAs 
have been widely studied as alternative biomarkers for 
diagnostic and prognostic purposes in various diseases, 

including myocardial infarction (MI), arteriosclerosis, 
heart failure and tumors.24,25

Few studies have examined the differential expression 
of serum miRNAs in AECOPD patients with APE com
plication. For example, The level of plasma miR−221 in 
APE was significantly higher than that of normal people, 
and it was positively correlated with BNP, troponin I, and 
D-dimer. At the same time, many miRNAs such as miR 
−28−3p, miR−1233, miR−134 also has an abnormal 
expression.4,26–28 The abnormal expression of miRNAs is 
directly or indirectly involved in the occurrence and devel
opment of the disease, but related further research is 
currently not documented. Among them, we found that 
miR-1233 and miR-134 have higher specificity in the 
diagnosis of APE, therefore, this study aimed to measure 
and compare the serum levels of miR-1233 and miR-134 
in patients with APE and to evaluate the potential role of 
miR-1233 and miR-134 as a diagnostic biomarker for 
AECOPD complicated by APE.

Patients and Methods
Patients
Between June 2019 to May 2020, a total of 217 patients 
were hospitalized due to AECOPD (Patients with severe 
heart failure 23 cases, severe liver and kidney disease 17 
cases, can not or refuse to complete CTPA 54 cases and 
repeated hospitalization 68 cases were excluded). There 
were 55 cases were enrolled after the initial evaluation, 
and all of them were examined by lower extremity com
pression ultrasound, and those with lower extremity deep 
vein thrombosis (DVT) were excluded (3 cases). Finally, 
we enrolled 52 AECOPD patients who meet all of the 
inclusion criteria in the Department of Respiratory 
Medicine, Zhoupu Hospital Affiliated to Shanghai 
University of Medicine and Health Sciences, Shanghai, 
China. The subjects were distributed into two groups 
according to the results of CTPA examination, including 
AECOPD with APE complication group (13 cases), 
AECOPD without APE group (39 cases). At the same 
time, 10 patients with stable COPD matching age and 
gender were included from outpatient follow-up.

COPD and AECOPD Diagnosis
All included patients were clinically diagnosed with 
COPD according to the global chronic obstructive pul
monary disease initiative (GOLD) criteria stipulating that 
after bronchodilator, the forced expiratory volume in one 
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second (FEV1)/forced vital capacity (FVC) is lower than 
70% (FEV1/FVC<70%).1 Stable COPD patients came 
from outpatient follow-up patients, which has been con
firmed by pulmonary function tests but has not been exa
cerbated in the past six months. The included patients 
usually use long-acting beta2-agonists (LABA), Long-act
ing muscarinic antagonists (LAMA) or LABA+LAMA to 
control their condition. AECOPD is the deterioration of 
respiratory symptoms in patients with COPD characterized 
by increases in cough, wheezing, and sputum which 
appears as purulent or viscous sputum, even accompanied 
by fever and inflammation, and which exceeds the daily 
standard or needs to change the drug treatment plan. All 
included patients were given conventional anti-infection, 
anti-asthmatic, and expectorant treatments according to 
their condition.

Diagnosis of APE
CTPA is used as the gold standard to determine whether 
AECOPD is combined with APE.29 Direct signs of APE: 
pulmonary artery with a low-density filling defect, partly 
or fully enclosed by opaque blood flow, or a filling defect, 
and the distal vessels are not developed. Indirect signs of 
APE: lung field wedge with increased shadow density, 
banded high-density areas or discoid atelectasis, dilation 
of the central pulmonary artery and reduction or disap
pearance of distal blood vessel branches. All diagnoses 
were determined by at least two senior physicians in the 
radiology department.

Clinical Evaluation
The clinical data of all the research subjects were reviewed 
by two senior physicians in the respiratory department, 
and the clinical evaluation (two classifications) was con
ducted according to the Wells score standard.30,31 When 
the opinions are inconsistent, the superior doctor will 
participate in the scoring to avoid bias.

According to the 2014 ERS Guidelines for the manage
ment and diagnosis of APE,14 for the patients aged 50 and 
over, plasma D-dimer was corrected by age, and the age- 
adjusted critical D-dimer value is (age×10) μg/µL (plasma 
D-dimer ≥ (age×10) μg/µL is positive).

The study protocol conformed to the ethics guidelines 
of the Declaration of Helsinki and approval was obtained 
from the Research Ethics Committee of Zhoupu Hospital 
affiliated to Shanghai University of Medicine and Health 
Sciences, Shanghai, China. Written informed consent was 
obtained from all the participants before enrollment.

Blood and Serum Samples
Venous blood samples were collected in coagulation tubes. 
The samples were left at room temperature for half an hour 
and subsequently subjected to centrifugation for 10 mins at 
3000 rpm. The supernatants were collected in tubes 
deprived of RNase/DNase and conserved at –80°C pend
ing serum analysis.

RNA Isolation
RNA was extracted with a Quick-cfRNATM Serum & 
Plasma Kit (Zymo research, Irvine, CA, USA) combining 
with miRNeasy Serum/Plasma Spike-In Control kit 
(Qiagen, Hilden, German) and 100% pure ethanol 
(Merck Millipore, Germany), following to the protocol 
recommended by the manufacturers. Briefly, 600 µL of 
serum were homogeneously mixed with 600 µL of Quick- 
cfRNATM reagent Digestion Buffer (Zymo research, 
Irvine, CA, USA). After adding 20 µL Proteinase K 
(Zymo research, Irvine, CA, USA) the homogenate was 
incubated for two hours at 37°C, then 10 µL (4×109 ng/ 
µL) synthetic C. elegans miR-39 (Qiagen, Hilden, 
German) was spiked-in the samples following the adjunc
tion of denaturing solution as an external reference for the 
normalization of miRNA level. Finally, elution was 
achieved with a spin column and 100% ethanol and eluted 
RNA was collected RNase-free water.

qRT-PCR
The collected RNA was reverse-transcribed into cDNA 
template. The TaqMan™ microRNA Assay (Applied 
Biosystems™ ThermoFisher USA) and TaqMan™ 
MicroRNA Reverse Transcription Kit (Applied 
Biosystems™ ThermoFisher USA) were used in this 
experiment, and the related sequences and primers were 
shown in Table 1.

The 7500 Fast Real-Time PCR System purchased from 
Applied Biosystems (Foster City, CA) was used for amplifi
cation. The reverse transcription system was 7.5 µL at 16°C 
for 30 mins, 42°C for 30 mins and 85°C for 5 mins. Then, 
17.5 µL DEPC water was added to each sample to obtain a 
total volume of 25 µL of cDNA. 20 µL qRT-PCR system 
consisted of 9 µL cDNA, 10 µL TaqMan™ Universal Master 
Mix II, NO UNG (Applied Biosystems™ ThermoFisher 
USA), and 1 µL RT-primer 20×(Applied Biosystems™ 
ThermoFisher USA). The reaction occurred at 50°C for 2 
mins; 95°C for 10 mins; 95°C for 15 s and 60°C for one min, 
and the number of amplification cycles was 40 cycles. The Ct 
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values were normalized to the computed mean Ct of each 
sample (ΔCt=CtmiRNA − Ctcel-miR-39) and the comparative Ct 
approach (2−ΔΔCt) was used for determining the relative 
miRNA expression.

Statistical Analysis
The statistical analysis was done using the freely available 
version 25.0 of the SPSS Statistics software (IBM, USA). 
The Kolmogorov–Smirnov normality test was performed 
on all data. The categorical variables were expressed as 
percentages and numbers while the continuous data were 
formulated as average ± SD or median with an interquar
tile range. The t-test and the Man-Whitney U-test were 
used for the comparison of continuous variables while the 
chi-square test was used for the comparison of categorical 
variables between two groups. The area under the curve 
(AUC) derived from the analysis of the ROC curve was 
used to assess the potential of the biomarkers in the dis
tinction between the AECOPD group complicated by APE 

and the control group. Two-tailed P <0.05 was used for 
screening significant differences.

Results
The characteristics of individuals including 52 patients 
with AECOPD and 10 patients with stable COPD enrolled 
in the study were listed in Tables 2 and 3. Among them, 13 
patients with AECOPD with APE complication (mean age 
75.69±8.4, 11 (84.62%) male) had more serious dyspnea. 
The plasma D-dimer was also higher in AECOPD with 
APE complication patients than AECOPD patients without 
APE (P<0.05).

Expression of microRNAs
miR-1233 (average fold change of 21.56) and miR-134 
(average fold change of 14.59) were pointedly up-regu
lated in the serum of AECOPD patients with APE com
plications compared to AECOPD patients without APE (a 
4-fold difference in serum concentration was considered to 

Table 1 miRNA Related Sequences

Gene 
Name

Mature miRNA Sequence miRBase 
Accession 
Number

Stem-Loop Sequence

hsa-miR- 
1233-5p

AGUGGGAGGCCAGGGCACGGCA MIMAT0022943 GUGAGUGGGAGGCCAGGGCACGGCAGGGGGAGCUGCAG 

GGCUAUGGGAGGGGCCCCAGCGUCUGAGCCCUGUCCUC 
CCGCAG

hsa-miR- 
134-3p

CCUGUGGGCCACCUAGUCACCAA MIMAT0026481 CAGGGUGUGUGACUGGUUGACCAGAGGGGCAUGCACUG 

UGUUCACCCUGUGGGCCACCUAGUCACCAACCCUC
cel-miR-39 UCACCGGGUGUAAAUCAGCUUG MIMAT0000010 UAUACCGAGAGCCCAGCUGAUUUCGUCUUGGUAAUAAG 

CUCGUCAUUGAGAUUAUCACCGGGUGUAAAUCAGCUUG 

GCUCUGGUGUC

Table 2 Characteristics of Individuals Enrolled in the Study

Projects AECOPD (n=39) AECOPD+APE Group (n=13) Stable COPD (n=10) X2/t p

Age (years)[�x (S)] 76.34(8.38) 79.89(7.75) 77.34 (6.57) −0.647 0.525

Dyspnea [n(%)] 33(78.57) 12(92.31) / −2.629 0.012

Cough [n(%)] 34(80.95) 11(84.62) / 0.218 0.829
Chest pain [n(%)] 2(4.76) 0 / 1.433 0.16

Hemoptysis [n(%)] 1(2.38) 2(15.38) / −1.733 0.089

Smoking [n(%)] 2(4.76) 8(61.54) / 0.985 0.338
History of Stroke [n(%)] 30(71.42) 4(30.77) / −1.213 0.231

Pulmonary heart disease [n(%)] 4 (9.52) 0 / −1.166 0.249

Diabetes [n(%)] 4 (9.52) 4 (30.77) / 0.281 0.781
Hypertension [n(%)] 19 (45.23) 8 (61.54) / −0.791 0.438

History of surgery within 6 weeks [n(%)] 0 1(7.70) / −1.768 0.083

Prolonged immobility ≥3 days [n(%)] 0 3(23.08) / −3.354 0.002
Malignant Tumor [n(%)] 2(2.38) 0 / 1.433 0.16

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; APE, acute pulmonary embolism; COPD, chronic obstructive pulmonary disease.
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be significant) (P<0.05). As shown in Figure 1, no signifi
cant change was found between AECOPD patients without 
APE and patients with stable COPD (P>0.05).

Increased Serum Levels of miR-1233 and 
miR-134 Were Diagnostic Biomarkers for 
AECOPD with APE
The receiver operating characteristic (ROC) curve was 
employed to gauge the possible role of serum miR-1233 
and miR-134 as a diagnostic biomarker for AECOPD 
complicated with APE. The AUC for serum miR-1233 
was 0.884 (95% CI 0.79–0.978) (P<0.05) while the 
AUC for miR-134 was 0.931 (95% CI 0.863–0.999) 
(P<0.05) (Figure 2). In addition, the AUC for D-dimer 
was 0.628 (95% CI 0.447–0.809) while the AUC for 
age-adjusted plasma D-dimer was 0.705 (95% CI 0.525– 

0.885). The AUC for Wells score was 0.577 (95% CI 
0.389–0.765).

Diagnosis Efficiency of microRNA Levels 
and Clinical Parameters of Patients
The efficiency of miR-1233, miR-134 with plasma 
D-dimer and Wells score were compared. As shown in 
Figure 3, The AUC of the ROC curve for miR-1233 
combined with miR-134 was 0.957 (95% CI 0.908– 
1.000, P<0.05), the AUC for miR-1233+D-dimer was 
0.88 (95% CI 0.783–0.977, P<0.05) whereas the AUC 
for miR-134+D-dimer was 0.936 (95% CI 0.87–1.000, 
P<0.05). In addition, the AUC of D-dimer+Wells was 
0.684 (95% CI 0.492–0.876 P<0.05) while those of miR- 
1233+D-dimer+Wells and miR-134+D-dimer+Wells were 
respectively 0.908 (95% CI 0.815–1.000, P<0.05) and 
0.947 (95% CI 0.884–1.000, P<0.05). No significant 
improvement in diagnostic efficiency was found in the 
combined analysis of miRNAs and age-adjusted plasma 
D-dimer (Figure 4).

Discussion
Acute pulmonary embolism (APE), a form of venous 
thromboembolism (VTE), is a life-threatening dangerous 
condition. The Diagnosis of APE at an early stage is very 
difficult due to the absence of specific symptoms and 
clinical signs. Studies have reported that the 3-year mor
tality rate for patients with stable APE was between 6% 
and 11% and that this rate may even increase to 30% or 
more in patients in shock or with hemodynamic 
instability.32 APE is one of the factors of acute exacerba
tion of unexplained COPD. Clinically, it is often difficult 
to distinguish AECOPD caused by airway inflammation 

Table 3 Comparison of Laboratory Test Data Between the Two 
Groups [�x (S)]

Project AECOPD 
(n=42)

AECOPD 
+APE (n=13)

t P

PH 7.42±0.17 7.39±0.11 0.64 0.527

PaCO2(kPa) 6.34±1.94 5.89±0.73 0.805 0.425
PaO2(kPa) 11.38±4.55 9.87±3.81 1.179 0.25

D-dimer (mg/l) 0.55±0.63 2.46±3.27 −3.512 0.001

Fbg(pg/l) 4.74±0.13 4.39±0.24 −0.528 0.604
NT-proBNP 

(pf/mL)

1088.79 

±318.23

1638.08±572.18 −0.839 0.411

WBC(×109/l) 10.25±5.17 10.59±4.94 −0.21 0.835

CRP(mg/l) 43.99±7.49 59.69±18.99 −0.72 0.482

Abbreviations: PH, potential of hydrogen; PCO2, partial pressure of carbon 
dioxide; PO2, arterial partial pressure of oxygen; Fbg, fibrinogen; NT-proBNP, 
N-terminal B-type natriuretic peptide; WBC, leukocyte; CRP, C-Reactive protein; 
AECOPD, acute exacerbation of chronic obstructive pulmonary disease; APE, acute 
pulmonary embolism; COPD, chronic obstructive pulmonary disease.

Figure 1 Expression level of miR-1233 (A) and miR-134 (B) in serum of 13 AECOPD+APE patients and matched AECOPD and COPD controls.  
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; APE, pulmonary embolism; COPD, chronic obstructive pulmonary disease.
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alone or caused by APE, leading to missed and misdiag
nosed diseases. Though the advent of D-dimer and chest 
CTPA have allowed advances in the discovery and elim
ination of APE, the half-life of D-dimer is long, contrary 
to its other counterparts including cardiac troponin and the 
thrombin-antithrombin complex, and despite its high sen
sitivity, it has poor specificity for confirming APE. 
Therefore, it is still urgent to develop reliable and simple 
biomarkers for APE diagnosis.19,33

The vital characteristics of an ideal biomarker are its 
reproducible measurability and its high specificity and sensi
tivity for the clinicopathological outcome of diseases.34,35 

Peripheral venous blood samples are the preferred source 
for the detection of biomarkers of disease, and most estab
lished biomarkers evaluated by this method have shown 
consistent and repeatable results.36 miRNAs are regarded as 
promising biomarkers because they meet these criteria and 
are protected from endogenous RNase activity, which confers 
them high stability in the body. Thus, circulating miRNAs 
have been widely used as biomarkers in different types of 
human diseases such as liver diseases, tumors, diabetes, heart 
failure, coronary diseases and stable angina.37–40

The current research on the relationship between 
microRNAs and pulmonary embolism had been performed 

Figure 2 Receiver-operating characteristic (ROC) curve analysis of serum miR-1233, miR-134, plasma D-dimer to discriminate AECOPD+APE patients from AECOPD 
controls. (A) The analysis showed that the receiver operating characteristic (ROC) area under the curve (AUC) for miR-1233 was 0.884 (95% CI 0.79–0.978)(P<0.05), the 
AUC for miR-134 was 0.931 (95% CI 0.863–0.999)(P<0.05); (B) the AUC for D-dimer was 0.628 (95% CI 0.447–0.809), the AUC for age-adjusted plasma D-dimer was 
0.705 (95% CI 0.525–0.885), and the AUC for Wells score was 0.577 (95% CI 0.389–0.765).

Figure 3 Receiver-operating characteristic (ROC) curve analysis of serum miR-1233, miR-134 combined with plasma D-dimer and Wells score to discriminate AECOPD 
+APE patients from AECOPD controls. (A) The area under the ROC curve (AUC) of miR-1233 combined with miR-134 was 0.957 (95% CI 0.908–1.000 P<0.05); (B) the 
AUC for miR-1233+D-dimer was 0.88 (95% CI 0.783–0.977 P<0.05); the AUC for miR-134+D-dimer was 0.936 (95% CI 0.87–1.000, P<0.05); the AUC for D-dimer+Wells 
was 0.684 (95% CI 0.492–0.876, P<0.05); the AUC for miR-1233+D-dimer+Wells was 0.908 (95% CI 0.815–1.000, P<0.05); the miR-134+D-dimer+Wells was 0.947 (95% CI 
0.884–1.000, P<0.05).
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only on small samples, and only few studies were focused 
on AECOPD combined with pulmonary embolism. 
According to the current research data, the expression levels 
of plasma miR-134 (AUC 0.833), miR-28-3p (AUC 0.756) 
and miR-221 (AUC 0.823) in APE are significantly higher 
than those in healthy and non-APE patients.4,26,27 In addi
tion, a study comparing 30 patients diagnosed with APE by 
CTPA and 12 healthy controls confirmed that miR-1233 
distinguished between APE and non-ST-segment elevation 
cardioinfarction (NSTEMI) patients and healthy control 
with a sensitivity of 90%, a specificity of 100% and 92%, 
and the AUCs of 0.95 and 0.91.28 However, it was incon
clusive whether microRNAs can effectively identify 
AECOPD complicated by APE. There is no specific 
research about the role and the specific mechanism they 
play in the disease, whether it is a protective factor or a 
pathogenic factor has not been specifically studied.

The results of this study shown that the levels of serum 
miR-1233 and miR-134 in AECOPD patients with APE 
complication were significantly increased (P<0.05), suggest
ing that these microRNAs may be used as early diagnostic 
markers for AECOPD with APE complications and, thus, 
could help reduce the missed diagnosis rate of patients.

Herein, we evaluated the levels of miR-1233 and miR- 
134 in 13 AECOPD patients with APE complications and 

39 AECOPD patients without APE. We discovered that the 
miR-1233 and miR-134 expression levels were signifi
cantly increased compared with AECOPD individuals 
without APE. At the same time, 10 patients with stable 
COPD who were matched with gender and age were 
included and the comparison of the miRNA expression 
levels indicated no statistical difference in miR-1233 and 
miR-134 expression between patients with AECOPD and 
patients with stable COPD (P>0.05), but significant dis
crepancies between AECOPD patients with APE compli
cations and patients with stable COPD (P< 0.05) were 
observed. These results confirmed that these microRNAs 
can effectively identify AECOPD combined with APE.

We conducted a joint analysis of each biomarker and 
compared their diagnostic efficiencies. The findings hinted 
that the combined diagnostic efficiency of miR-1233 and 
miR-134 was higher than the single diagnosis efficiency 
(AUC 0.957, 95% CI 0.908–1.000, P<0.05). The diagnos
tic efficiency of age-adjusted plasma D-dimer levels was 
also higher than the previous 500 µg/µL. Similarly, the 
combined evaluation of microRNA and clinical indicator 
plasma D-dimer and Wells score can also effectively 
improve the clinical diagnosis efficiency. Therefore, in 
clinics, patients should not be evaluated and diagnosed 
with a single index, but be analyzed and evaluated on a 
multi-level and multi-index basis to reduce clinical missed 
diagnosis or overdiagnosis.

The results of this study support the potential of miR- 
134 and miR-1233 as serum biomarkers for the diagnosis 
of AECOPD with or without APE complications. 
Moreover, there are few studies on miR-1233 and miR- 
134 in renal cell carcinoma, myocardial infarction, eso
phageal squamous cell carcinoma.41–43 For example, 
extracellular vesicles (EVs) are known as crucial regula
tors of the maintenance of homeostasis in the human air
way via intercellular communication, and studies have 
even conveyed that lung epithelial cells represent the 
major producers of EVs in the lung.44,45 Specific 
miRNAs are known to be loaded in EVs, while others 
are expelled.46 However, the research on the mechanism 
of action and the target of action is rarely mentioned, so 
exploring the relationship between the upstream and 
downstream of the body’s microenvironment and the role 
of miRNAs packaged in EVs may be advantageous for 
clinical work is the handling of various diseases.

It was undeniable that this study was a single-center 
study with small sample size. It is well known that in 
different studies, due to differences in race, sample size, 

Figure 4 Receiver-operating characteristic (ROC) curve analysis of serum miR-1233, 
miR-134 combined with age-adjusted plasma D-dimer and Wells score. The area under 
the ROC curve (AUC) of miR-1233 combined with age-adjusted D-dimer was 0.897 
(95% CI 0.81–0.985, P<0.05); the AUC for miR-134+age-adjusted D-dimer was 0.940 
(95% CI 0.878–1.000 P<0.05); the AUC for age-adjusted D-dimer+Wells was 0.717 
(95% CI 0.521–0.913 P<0.05); the AUC for miR-1233+age-adjusted D-diemer+Wells 
was 0.912 (95% CI 0.821–1.000 P<0.05); the AUC for miR-134+age-adjusted D-dimer 
+Wells was 0.942 (95% CI 0.881–1.000 P<0.05).
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design, environment, and enrollment, the prevalence of 
APE in AECOPD patients varies greatly.8 Therefore, the 
interpretation of the results in this study is limited, mainly 
because (1) the sample size was small; (2) the uniqueness 
of the department, the patients treated with AECOPD are 
all patients with moderate to severe acute exacerbation, 
long-term hypoxia and hypoactivity, and are all high-risk 
patients with thrombosis. We recognize that our small 
sample size limits universality, and due to the complexity 
of miRNAs in biological systems, as well as different 
genetic, social, and therapeutic characteristics, differences 
in patient demographics may also affect these findings. 
Therefore, larger and more diverse studies are needed in 
the future to verify the reliability of our conclusions.

Conclusion
The findings of this study have shown that serum miR- 
1233, miR-134 levels were significantly increased in 
AECOPD patients with APE complications compared 
with AECOPD without APE and stable COPD. 
Therefore, the results of this study support miR-1233 and 
miR-134 as potential diagnostic biomarkers for AECOPD 
combined with APE or unconsolidated APE. At the same 
time, much more effort should be undertaken to explore 
the mechanism and the role of the miRNAs identified in 
our study.
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