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Background: Acute exacerbation of chronic obstructive pulmonary disease (AECOPD)
increases the risk of pulmonary embolism (PE) and deep venous thrombosis (DVT).
AECOPD combined with PE and DVT poses challenges for treatment and management.
This necessitates prevention and management to estimate the overall prevalence of PE
and DVT among patients with AECOPD and to identify the risk factors.

Methods: We searched the PubMed, Embase, and Cochrane Library databases from
their inception to January 9, 2021 and extracted the data from the included studies. The
risk of bias was assessed for each study. We separately calculated the prevalence of
PE and DVT in patients with AECOPD. Subgroup analysis and meta-regression analyses
were performed to determine the sources of heterogeneity. Furthermore, we assessed
the publication bias.

Results: The meta-analysis included 20 studies involving 5,854 people. The overall
prevalence of PE and DVT among patients with AECOPD was 11% (95% CI: 0.06-0.17)
and 9% (95% Cl: 0.06-0.12), respectively. Subgroup analysis demonstrated that the
prevalence of PE among patients with AECOPD was 12, 2, 7, and 16% in the European,
South-East Asia, Western Pacific, and Eastern Mediterranean regions, respectively, and
the DVT was 10, 9, 9, and 4%, respectively. The prevalence of PE among patients with
AECOPD aged > 70 and < 70 years old was 6 and 15%, respectively, and the DVT was
8 and 9%, respectively. The prevalence of PE among patients with AECOPD diagnosed
within 48 h and other times (beyond 48 h or not mentioned) was 16 and 6%, respectively,
and DVT was 10 and 7%, respectively.
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Conclusion: The pooled prevalence of PE and DVT among patients with AECOPD was
insignificantly different between the different age groups and the WHO regions. However,
the early diagnosis was associated with a higher prevalence of PE. Clinicians and the
public need to further improve the awareness of prevention and management for PE and
DVT among patients with AECOPD.

Systematic Review Registration: PROSPERO, identifier CRD42021260827.

Keywords: acute exacerbation of chronic obstructive pulmonary disease, pulmonary embolism, deep venous
thromboembolism, systematic review and meta-analysis, prevalence

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common,
preventable, and treatable disease characterized by persistent
respiratory symptoms and airflow limitation (1). The prevalence
of COPD increased by 44.2% to 174.483 million individuals
from 1990 to 2015 and the death toll increased by 11.6% (2).
Owing to its high prevalence, mortality, and medical costs (3-
6), COPD imposes a heavy socioeconomic burden globally and
has become a major public health problem. Acute exacerbation of
COPD (AECOPD) is defined as an acute worsening of symptoms
beyond daily changes, which requires additional treatment (7).
The frequency of AECOPD is the major cause of progression and
healthcare costs. Most COPD-related deaths occur during acute
exacerbations. In addition to infection factors, pollution factors
and approximately 30% of the cases are of unknown etiology
(8). AECOPD is associated with a prethrombotic state (9). When
combined with other factors, such as immobility and infection,
AECOPD increases the risk of venous thromboembolism (VTE)
in hospitalized patients.

Venous thromboembolism (VTE) includes pulmonary
embolism (PE) and deep venous thrombosis (DVT) (10). There
are 375,000-425,000 newly diagnosed patients per year, and the
conservative cost burden on the healthcare system was $7-10
billion in the United States in 2015 (11). A national cohort study
demonstrated that the risk of death for PE and DVT on day
30 was 31 and 3%, respectively (12). In patients with COPD
having VTE, the risk of fatality was twice as high as those with
normal airflow, and 50% of patients with COPD having stage
III/IV died within 3.5 months following the VTE event (13).
Moreover, COPD is an independent risk factor of PE. However,
the similarity of clinical symptoms between PE and AECOPD
makes it difficult to diagnose PE in patients with AECOPD. The
failure of clinicians to rapidly initiate anticoagulation therapy
worsens the prognosis. Autopsy results also suggested that the
prevalence of PE in patients with COPD was approximately
28-51% (14). A meta-analysis indicated that the prevalence of
PE in unexplained AECOPD was as high as 29% (15). VTE is a
potentially fatal complication in patients with AECOPD, which
poses some challenges to their treatment and management.
Despite PE and DVT being preventable in several cases, public
education appears insufficient. This warrants reliable estimates
for PE and DVT among patients with AECOPD and the adoption
of timely strategies for its prevention and management. Despite
numerous systematic reviews and meta-analyses, there are
some variations among different studies and new information

has been published. This study aimed to evaluate the pooled
prevalence of AECOPD combined with PE and DVT, explore
the source of heterogeneity, preliminarily evaluate the pooled
prevalence of gender, World Health Organization (WHO)
regions, age group, and difference in diagnosis time, and identify
related risk factors. We intend to provide a reference for the
prevention and management of PE and DVT in patients with
AECOPD, besides contributing to public health policy and
clinical decision-making.

METHODS

Literature Search
We conducted a systematic review and meta-analysis following
the recommendations of the Cochrane Collaboration and Meta-
analysis of Observational Studies in Epidemiology (MOOSE) (16)
(Supplementary Table 1).

We searched the PubMed, Embase, and Cochrane Library
databases from their inception to January 9, 2021, using search
terms consisting of medical subject headings and free-text
terms. Detailed search strategies for the different databases were
implemented without language restrictions. We attempted to
identify eligible articles, and the search terms were modified in
different databases. Supplementary Tables 2-4 summarize the
search strategy. We manually checked the references of the
retrieved articles and previous reviews to identify additional
potentially eligible studies.

Inclusion and Exclusion Criteria
We included the observational studies that reported on the
prevalence of PE and/or DVT among patients with AECOPD.
The following article types were excluded: conference
abstracts, letters to editors, reviews, meta-analyses, and medical
record registrations. We excluded articles containing data with
errors and patients diagnosed with non-AECOPD upon our
failure to extract information.

Study Selection and Data Extraction

For the retrieved studies, initially, two individuals (ZHL and
RHR) independently screened the titles and abstracts. After
excluding irrelevant articles, the rest of the full text of the
articles was read. For the final literature included, two individuals
independently extracted data (ZHL and RHR). Disagreements
were resolved by consultation with a third individual (XY). A data
extraction form was prepared for the included studies to extract
relevant information, such as authors, the year of publication,

Frontiers in Cardiovascular Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 732855


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Han et al. Prevalence of PE With AECOPD
1187 of records identified 0 of additional records identified
- through database searching through other sources
o
2
=
: v
] 1014 of records after
duplicates removed
” '
§s
= 1014 of records
) » 947 of records excluded
5 screened
n
v 47 of full-text articles excluded.
67 of full-text articles Reasons for exclusion: conference
= assessed for eligibility »1 abstract(n=27); letter for editors(n=1);
i) .
) review and meta-analyses (n=11);
5 \ medical record registrations(n=3);
20 of studies included in unable to extract data(n=2); data with
qualitative synthesis errors(n=2);  diagnosis of non-
2 l AECOPD (n=1).
=
k= 20 of studies included in
quantitative synthesis
(meta-analysis)
FIGURE 1 | Flow diagram of study selection.

geographical region, study design, characteristics of participants,
and prevalence.

Quality Assessment

We assessed the quality of the included studies using a tool
modified by Hoy et al. (17). It evaluated the external and internal
validity of the literature using 10 items. Each of these items had a
score of 1 (yes) or 0 (no), and the total score ranged from 0 to 10.
According to the total scores of each study, the risk of bias was
classified as low (>8), moderate (6-8), and high (<5) (18).

Statistical Analysis

We calculated the raw data from each study as the prevalence,
i.e,, the number of events that occurred divided by the total
sample size. We used the metaprop procedure (19) to perform
a meta-analysis of proportions in STATA 14. The procedure
is suitable for binomial data and permits the evaluation of
the exact binomial and test score-based confidence intervals.
It provided suitable strategies for dealing with proportions
close to or at the margins where the normal approximation

procedures often break down. The metaprop procedure uses
a binomial distribution to model the within-study variability
or allow the Freeman-Tukey double arcsine transformation to
stabilize the variances.

The random-effects model was used to separately estimate
the prevalence of PE and DVT among patients with AECOPD.
We performed Cochran’s Q test and the I? test statistic to
assess the heterogeneity. An I> > 75% was defined as substantial
heterogeneity. The subgroup analysis was based on WHO
regions, age group (70 years old as the boundary), and diagnosis
time. Moreover, we performed a univariate meta-regression to
assess the subgroup differences (20).

Sensitivity analysis was performed by excluding each study
at a time, which generated the pooled prevalence of remaining
studies, compared with the overall pooled prevalence to judge the
robustness of our results. Publication bias was evaluated using
Begg’s test and Egger’s test.

Two or more studies have reported on the risk factors for VTE
in patients with AECOPD using multivariate models, which was
considered for the meta-analysis.
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TABLE 1 | Basic characteristics of included studies.

References Country Study design Diagnosis Anticoagulant Sample size Male/female Mean or Number Male/female  Number of Male/female
time before median age  of PE of PE DVT of DVT
hospital
Pek et al. (21) Singapore Prospective Within 24 h Exclusion 33 All male 73.8+8.8 # 0 0/0
Akgun et al. (22) Turkey Prospective NM NM 120 82/38 63 £+ 11 NM 16 NM
Tillie-Leblond et al. (23)  France Prospective Within 48 h NM 197 165/32 60.5 + 12.1 49 43/6 25 NM
Rutschmann et al. (24)  Switzerland Cross sectional NM Exclusion 123 84/39 71+8 4 NM 2 NM
(prospective)
Lessiani et al. (25) Italy Prospective Within 24 h Exclusion 100 61/39 69 +8 # # 6 3/3
Gunen et al. (26) Turkey Prospective Within 24 h NM 131 104/27 67.1 £10.1 18 NM 14 NM
Duan et al. (27) China Prospective 5-7 days after  Exclusion 520 334/186 72+9 # # 46 30/16
hospital
Dutt and Udwadia (28) India Prospective Within 24 h NM 100 NM Median 71 2 NM 9 NM
Wang et al. (29) China Prospective Within 24 h NM 208 158/50 62 + 12 69 59/10 43 NM
Choi et al. (30) Korea Prospective Within 24 h Exclusion 103 70/33 71+6 5 2/3 6 NM
Kamel et al. (40) Egypt Cross-sectional  Within 24 h NM 105 all male 49.3 + 8.43 30 NM 11 NM
Liang et al. (31) China Retrospective  NM NM 636 416/220 749+ 9.3 2 NM 92 58/34
Akpinar et al. (32) Turkey Prospective Within 24 h Exclusion 172 142/30 7131 £9.62 50 38/12 50 NM
Shapira-Rootman et al.  Israel Prospective NM Exclusion 49 35/14 Mean 65.5 9 NM # #
(39)
Bahloul et al. (34) Tunisia Retrospective ~ Within 48 h* Inclusion 131 118/13 68.6 +£9.2 23 21/2
Davoodi et al. (35) Iran Cross-sectional 3 days after Exclusion 68 38/30 67.75+926 5 3/2
hospital
Pang et al. (36) China Prospective 7-10 days after NM 1,144 761/383 72.0 £ 9.1 24 NM 64 NM
hospital
Hassen et al. (37) Tunisia Prospective NM Exclusion 131 104/27 68 £13 18 13/5 1 NM
cohort study
Dentali et al. (38) Italy Retrospective  NM Inclusion 1,043 683/360 75.8+£9.7 132 66/66 95 NM
multicenter
cohort study
Couturaud et al. (39) France Cross-sectional  Within 48 h Exclusion 740 466/274 68.2 + 10.9 44 NM 25 NM
study with
prospective

PE, pulmonary embolism; DVT, deep venous thrombosis;, NM, no mention.
#, not studied; *one case was not diagnosed within 48 h.
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%

Study ES (95% Cl) Weight

1
Akgun et al 2006 —_—— : 0.03 (0.01, 0.08) 5.82
Tillie-Leblond et al 2006 : * 0.25 (0.19, 0.32) 5.99
Rutschmann et al 2007 —_—— i 0.03 (0.01, 0.08) 5.83
Gunen et al 2010 — 0.14 (0.08, 0.21) 5.86
Dutt et al 2011 —_—— ; 0.02 (0.00, 0.07) 5.74
Wang et al 2012 " - > 0.33(0.27, 0.40) 6.00
Choi et al 2013 —0—; 0.05 (0.02, 0.11) 5.75
Kamel et al 2013 : o 0.29 (0.20, 0.38) 5.76
Liang et al 2013 - ; 0.00 (0.00, 0.01) 6.17
Akpinar et al 2014 X - 0.29 (0.22, 0.36) 5.95
Shapira-Rootman et al 2015 : -~ 0.18 (0.09, 0.32) 529
Bahloul et al 2015 : - 0.18 (0.11, 0.25) 5.86
Davoodi et al 2018 * : 0.07 (0.02, 0.16) 5.53
Pang et al 2018 ~— ; 0.02 (0.01, 0.03) 6.21
Hassen et al 2019 : - 0.14 (0.08, 0.21) 5.86
Dentali et al 2020 :ﬂ— 0.13(0.11, 0.15) 6.21
Couturaud et al 2021 —— i 0.06 (0.04, 0.08) 6.19
Overall ("2 =96.87%, p = 0.00) <>' 0.11 (0.06, 0.17) 100.00

1

|

1 T ' T 1
-2 0 4 6
FIGURE 2 | Forest plot of prevalence of PE in AECOPD.

Risk factors for VTE in patients with AECOPD were estimated
using odds ratios (ORs) with 95% CIs. We used the random-
effects model if the included studies displayed substantial
heterogeneity; else, the fixed effects model was used.

For the meta-analysis results, differences were considered
statistically significant for P < 0.05.

RESULTS

Search Results

A total of 1,187 related articles were obtained from the initial
examination. We excluded 173 duplicate articles, followed by
the exclusion of 947 and 47 articles after browsing the title
and abstract and full-text analysis, respectively. Eventually, we
included 20 articles on the prevalence of PE and DVT in patients
with AECOPD (21-40). Of the 20 articles published between
2001 and 2021, only three reported on PE (33-35) and DVT
(21, 25, 27) each. Fourteen articles simultaneously reported on
PE and DVT (22-24, 26, 28-40). Figure 1 depicts the literature
screening process and its result.

Study Characteristics

The data were principally acquired from 12 countries, namely,
China, Turkey, France, Italy, Egypt, India, Iran, Israel, Korea,
Singapore, Switzerland, and Tunisia. Four, nine, one, and six
countries are in the Eastern Mediterranean region, European
region, Southeast Asia region, and Western Pacific region,
respectively. This study involved 5,854 people, namely, 3,959 men
and 1,795 women, with an average age of 49.3-75.8 years old (one
article did not report the number of men and women, whereas
one article only reported on the median age). The smallest
sample size was 33, and the largest sample size was 1,144. Table 1
summarizes additional characteristics of the included studies.

Results of the Risk of Bias

We evaluated the risk of bias of the included studies, and the
major scores of items 1-3 for each study were approximately zero
points. Total scores of each study were principally concentrated
at six to seven points. The scores for two studies were five points,
and those for one study were eight points. According to the
scoring criteria, 18 studies were rated with a moderate risk of
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%

Study ES (95% CI) Weight
i
1

Tille-Leblond et al 2006 — 0.26 (0.20, 0.33) 12.96
1
I
1

Wang etal 2012 i —o— 0.37 (0.30, 0.45) 12.92
1
1
1

Choi et al 2013 —_— i 0.03 (0.00, 0.10) 11.90
1
1
1

Akpinar et al 2014 i 0.27 (0.20, 0.35) 12.82
1
1
1

Bahloul et al 2015 —_—— 0.18 (0.11, 0.26) 12,63
1
1

Davoodi et al 2018 : 0.08 (0.02, 0.21) 10.64
1
1

Hassen et al 2019 —_— 0.13 (0.07, 0.20) 12.48
1
1

Dentali et al 2020 — i 0.10 (0.08, 0.12) 1364
1

Overall ("2 =93.05%, p = 0.00) <>' 0.17 (0.09, 0.25) 100.00

FIGURE 3 | Prevalence of PE among AECOPD in men.

%
Study ES (95% CI) Weight
i
1
Tillie-Leblond et al 2006 0.19 (0.07, 0.36) 10.90
1
1
1
Wang et al 2012 —_— 0.20 (0.10, 0.34) 1427
1
1
1
Choi et al 2013 —_— 0.09 (0.02, 0.24) 11.12
1
1
Akpinar et al 2014 I 0.40 (0.23, 0.59) 10.45
1
1
1
Bahloul et al 2015 . 0.15 (0.02, 0.45) 5.64
1
1
Davoodi et al 2018 — 0.07 (0.01,0.22) 10.45
1
1
Hassen et al 2019 - 0.19 (0.06, 0.38) 973
1
1
Dentali et al 2020 —_— 0.18 (0.14, 0.23) 27.43
1
Overall ("2 = 43.36%, p = 0.09) <> 0.18 (0.12, 0.24) 100.00
1
1
1
1
1
1
f T T l
-5 0 5 1

FIGURE 4 | Prevalence of PE among AECOPD in women.
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%
Study ES (95% CI) Weight
1
Pek et al 2001 — 0.00 (0.00, 0.11)  3.83
Akgun et al 2006 : -+ 0.13(0.08,0.21) 5.65
Tillie-Leblond et al 2006 %—o— 0.13(0.08,0.18) 6.08
Rutschmann et al 2007 —_— : 0.02 (0.00, 0.06) 5.67
Lessiani et al 2008 + 0.06 (0.02,0.13) 545
Gunen et al 2010 — 0.11 (0.06, 0.17) 5.73
Duan et al 2010 —-:0-— 0.09 (0.07,0.12) 6.57
Dutt et al 2011 o 0.09 (0.04,0.16)  5.45
Wang et al 2012 E —_— 0.21 (0.15,0.27) 6.12
Choi et al 2013 —_—— 0.06 (0.02,0.12) 5.48
Kamel et al 2013 : - 0.10 (0.05, 0.18)  5.50
Liang et al 2013 : —_—— 0.14 (0.12,0.17) 6.63
Akpinar et al 2014 E -o- 0.29 (0.22,0.36) 5.97
Pang et al 2018 - 0.06 (0.04,0.07) 6.75
Hassen et al 2019 - | 0.01 (0.00, 0.04) 5.73
Dentali et al 2020 —5-0— 0.09 (0.07, 0.11) 6.73
Couturaud et al 2021 —— : 0.03 (0.02, 0.05) 6.66
Overall (142 = 91.96%, p = 0.00) <> 0.09 (0.06, 0.12)  100.00
)
E
| | | |
-2 0 4 6
FIGURE 5 | Forest plot of prevalence of DVT in AECOPD.

bias, compared with two studies rated with a high risk of bias
(Supplementary Table 5).

Prevalence of VTE in Patients With

AECOPD

Of the 20 studies, 17 studies (22-24, 26, 28-40) reported the
prevalence of PE among patients with AECOPD ranging from
0 to 33% and the estimated pooled prevalence was 11% (95% CI:
0.06-0.17; I> = 96.87%) (Figure 2). Of these studies, eight studies
(23,29, 30, 32, 34, 35, 37, 38) reported the proportion of men and
women. The pooled prevalence for men and women was 17 (95%
CI: 0.09-0.25; I> = 93.05%) and 18% (95% CI: 0.12-0.24; I* =
43.36%), respectively (Figures 3, 4).

There were no outliers in the results of the sensitivity analysis
regarding the prevalence of PE in AECOPD upon excluding one
study at a time, which confirmed the stability of our results
(Supplementary Figure 1).

Of the 20 studies, 17 studies (21-40) reported the prevalence
of DVT ranging from 0 to 29%. The pooled prevalence was
9% (95% CI: 0.06-0.12; I> = 91.96%) (Figure 5). Three studies

(25, 27, 31) simultaneously reported on the proportion of men
and women, whereas one study (21) included only men. The
pooled prevalence for men and women was 7 (95% CI: 0.03-
0.13; I* = 80.73%) and 11% (95% CI: 0.06-0.17; I* = 59.34%),
respectively (Figures 6, 7).

The sensitivity analysis demonstrated that no single study
interfered with the results of pooled prevalence by >2% on
excluding one study at a time, thus indicating good stability
(Supplementary Figure 2).

Subgroup Analysis

The regional prevalence of PE and DVT among patients with
AECOPD was 12% (95% CI: 0.07-0.19; I* = 93.95%) and 10%
(95% CIL: 0.05-0.15; I? = 93.53%) in the European region,
respectively; 7% (95% CI: 0.00-0.19; I> = 98.49%) and 9%
(95% CI: 0.05-0.14; I> = 92.82%) in the Western Pacific region,
respectively; 16% (95% CI: 0.09-0.25; I?> = 79.52%) and 4% (95%
CI: 0.02-0.07) in the Eastern Mediterranean region, respectively;
and 2% (95% CI: 0.00-0.07) and 9% (95% CI: 0.04-0.16) in the
Southeast Asia region, respectively (Table 2).
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%
Study ES (95% CI) Weight
1
1
1
Pek et al 2001 : 0.00 (0.00,0.11) 15.89
1
1
1
1
Lessiani et al 2008 : 0.05(0.01,0.14) 2113
1
1
1
1
Duan et al 2010 ———— 0.09 (0.06, 0.13) 31.15
1
1
1
1
Liang et al 2013 : 0.14 (0.1, 0.18) 31.82
1
1
Overall (P2 =80.73%, p = 0.00) 0.07 (0.03, 0.13) 100.00
1
1
1
1
1
1
1
1
.
f T T T 1
1 0 1 2 3
FIGURE 6 | Prevalence of DVT among AECOPD in men.
%
Study ES (95% CI) Weight
1
1
1
1
Lessiani etal 2008 0.08(0.02,021) 18.19
1
1
1
1
1
Duan etal 2010 : 0.09(0.05,0.14) 39.87
1
1
1
1
Liang etal 2013 T = 0.15(0.11,021) 4194
1
1
Overall (112 =59.34%, p = 0.09) 0.11(0.06,0.17) 100.00
1
1
1
1
1
1
1
1
1
1
[ I I I I
-1 0 A 2 3

FIGURE 7 | Prevalence of DVT among AECOPD in women.
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TABLE 2 | Subgroup analysis of the prevalence of VTE in AECOPD and subgroup differences.

Subgroup PE in AECOPD Univariate meta DVT in AECOPD Univariate meta
regression (P) regression (P)
Heterogeneity test ES%(95%Cl) Heterogeneity test ES%(95%Cl)

results results

(2, P) (2, P)
WHO region
European Region 93.95% 0.00 12% (95%CI:0.07-0.19) 0.498 93.53% 0.00 10% (95%Cl:0.05-0.15) 0.888
South-East Asia Region 2% (95%CI:0.00-0.07) 0.639 9% (95%CI:0.04-0.16) 0.916
Western Pacific Region 98.49% 0.00 7% (95%CI:0.00-0.19) Reference 92.82% 0.00 9% (95%Cl:0.05-0.14) Reference
Eastern Mediterranean Region 79.52% 0.00 16% (95%Cl:0.09-0.25) 0.337 - - 4%(95%Cl:0.02-0.07) 0.517
Age stage
>70years old 97.70% 0.00 6% (95%CI:0.01-0.13) 0.103 92.58% 0.00 8% (95%Cl: 0.05-0.12) 0.779
<70 years old 93.99% 0.00 15% (95%CI:0.09-0.23) Reference 91.94% 0.00 9% (95%Cl:0.04-0.15) Reference
Diagnosis time
within 48 h 95.67% 0.00 16% (95%CI:0.08-0.25) reference 92.89% 0.00 10% (95%Cl: 0.05-0.16) Reference
NM or beyond 48h 96.52% 0.00 6% (95%CI:0.02-0.12) 0.034 91.64% 0.00 7% (95%Cl: 0.04-0.10) 0.502

PE, pulmonary embolism; DVT, deep venous thrombosis; VTE, venous thromboembolism; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; NM, no mention.

In terms of age, the prevalence of PE and DV'T among patients
with AECOPD aged < 70 years old was 15% (95% CI: 0.09-0.23;
I* = 93.99%) and 9% (95% CI: 0.04-0.15; I* = 91.94%) and
in those aged >70 years old was 6% (95% CI: 0.01-0.13; I =
97.70%) and 8% (95% CI: 0.05-0.12; I> = 92.58%), respectively
(Table 2).

With respect to the diagnosis time, the prevalence of PE and
DVT in patients with AECOPD diagnosed within 48 h was 16%
(95% CI: 0.08-0.25; I* = 95.67%) and 10% (95% CI: 0.05-0.16;
I? = 92.89%), respectively. The prevalence of diagnosis beyond
48N or in those without a diagnosis time was 6% (95% CI: 0.02—
0.12; I* = 96.52%) and 7% (95% CI: 0.04-0.10; I* = 91.64%),
respectively (Table 2).

Subgroup Differences and

Meta-Regression

For the prevalence of PE and DVT among patients with
AECOPD, subgroup differences were observed in diagnosis time
(P = 0.034). The results of the subgroup analysis of the age
group and WHO regions were insignificantly different (P > 0.05)
(Table 2).

Publication Bias

Neither Begg’s test nor Eggers test demonstrated significant
publication bias in AECOPD with PE (P = 1.000 and P = 0.095,
respectively) and DVT (P = 0.773 and P = 0.496, respectively)
(Supplementary Figures 3-6).

Risk Factors for VTE in AECOPD

Table 3 summarizes the statistically significant risk factors for
VTE in patients with AECOPD in the multivariable model. Seven
studies reported on the risk factors of AECOPD combined with
VTE (27, 29, 30, 32, 36-38). One study reported on the risk
factors for DVT, and five studies reported on the risk factors for
PE. The meta-analysis indicated that bedridden/immobility (OR:

2.93; 95% CI: 2.10-4.10; P = 0.000) and lower limb asymmetry
(OR:2.51;95% CI: 1.63-3.86; P = 0.000) were the most common
risk factors for VTE in AECOPD. However, the pooled analysis
of D-dimer levels and age was statistically insignificant (P > 0.05)
(Table 4).

Location of VTE in AECOPD

Ten studies reported on the location characteristics of VTE, of
which five studies simultaneously reported on the location of PE
and DVT, whereas others reported only the location of PE or
DVT. Table 5 summarizes the location characteristics of VTE.
PE was principally located in central (39%), segmental (35%),
and subsegmental (26%) regions. DVT occurred predominantly
in the proximal vein (36%) and the distal vein (64%) (Tables 6, 7).

DISCUSSION

Our systematic review and meta-analysis demonstrated that
the overall prevalence of PE and DVT among patients with
AECOPD was 11% and 9%, respectively, lower than other
comorbidities, such as depressive symptoms and pulmonary
hypertension in COPD (41, 42). The prevalence was also lower
than previously reported results of systematic reviews and meta-
analyses [19.9% and 12.4% (43) vs. 16.1% and 10.5%, respectively
(44)]. Similar to previous systematic reviews and meta-analyses,
we also did not limit the use of anticoagulants before admission.
We included some studies that used anticoagulants for any
reason before admission and some that did not clearly describe
the use of anticoagulants. Moreover, there was a possibility of
preventive anticoagulation following admission. Hence, we could
not exclude the influence of anticoagulation therapy in reducing
the prevalence of VTE in patients with AECOPD. The use of
anticoagulants in such patients can reduce the prevalence of
DVT and the risk of thrombosis in patients with AECOPD
(45, 46). Furthermore, they are more sensitive to warfarin (47).
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TABLE 3 | Statistically significant risk factors for VTE in patients with AECOPD
reported in the included studies.

References Risk factors OR (95% CI)

Duan et al. (27)3 2.232 (1.214-4.102)
2.524 (1.446-4.405)
2.916 (1.657-5.132)
1.996 (1.153-3.456)
25.3 (1.4-464.4)

31.2 (1.7-562.6)

Current smoking
Pneumonia

Immobility exceeding 3 days
Respiratory failure type Il
Choi et al. (30)8 Plasma D-dimer > 500 ug/I

Absence of symptoms of
respiratory infection

Bedridden > 7 days
lower limb asymmetry >

Wang et al. (29)8 3.24 (1.56-4.98)

2.56 (1.48-3.93)

1cm
DVT 2.31(1.23-3.58)
Akpinar et al. (32)8 obesity 4.97 (1.775-13.931)

lower limb asymmetry 2.329 (1.127-7.105)

Pang et al. (36) history of venous 16.29 (7.65-34.72)

thrombosis
Bedridden/immobility >3 2.20 (1.12-4.31)
days
lower limb pain before unilateral 7.55 (2.41-23.7)
hospital

bilateral 9.91 (2.48-39.6)
D-dimer 1.36 (1.12- 1.66)

Hassen et al. (37)8 Increased sputum volume 0.106 (0.029-0.385)
5.024 (1.470-17.170)
5.483 (1.269-23.688)

3.615 (1.005-13.007)

Immobilization >7 days
Age >70 years old
Invasive mechanical

ventilation

Dentali et al. (38)8 Age 1.03 (1.01-1.06)
Sex 0.39 (0.25-0.62)
Hypertension 1.65 (1.03-2.66)

DVT clinical signs
PCO2 < 40 mmHg
Normal chest X-ray

5.62 (3.11-10.14)
1.96 (1.23-3.13)
1.95(1.19-3.18)

apvT; 8PE.
PE, pulmonary embolism; DVT, deep venous thrombosis; VTE, venous thromboembolism;
AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

Therefore, we are not sure whether the low prevalence of DVT
and PE in patients with AECOPD is due to a generally low
prevalence or whether preventive measures are better. However,
few randomized controlled trials have evaluated the efficacy of
pharmacological prophylaxis in reducing the risk of PE and DVT
in patients with AECOPD. In other words, some clinicians do not
pay sufficient attention to it.

Different prevalence of PE and DVT among patients with
AECOPD may be related to the varied aspects evaluated in
this study, compared with previous ones. First, different studies
have dissimilar focuses. Second, the databases searched by
different studies had diverse search terms and strategies. Third,
the inclusion and exclusion criteria were inconsistent. Thus,
the above-mentioned factors may lead to a varied amount of
literature that meets the requirements in a similar search period.
Recently published meta-analyses of AECOPD combined with

PE reported a prevalence of 17.2 and 12.9%, respectively (48, 49).
We included 20 studies involving 5,854 people, higher than those
included in the two recently published papers. Owing to the
large sample size, our results may have higher reliability. We also
performed a sensitivity analysis of the prevalence of AECOPD
combined with PE and DVT, which demonstrated good stability.

It is important to understand the prevalence of PE and DVT
between different sexes in patients with AECOPD in terms
of epidemiology. A study demonstrated that different genders
caused variations in the phenotype, symptom burden, and
complications (50). Men with COPD have a higher prevalence
of cardiovascular disease and diabetes, whereas women have a
higher prevalence of anxiety or depression (51). In our study, the
prevalence of PE among men and women with AECOPD was
17% and 18% and the prevalence of DVT between genders was
7 and 11%, respectively. Other relevant systematic reviews and
meta-analyses on the prevalence of PE and DVT among patients
with AECOPD did not explore gender differences. The overall
prevalence of PE and DVT in different sexes with AECOPD is
unknown. COPD combined with DVT is principally observed
in hospitalized elderly men (52). COPD prevalence in women
is similar to or higher than that in men. However, biases while
diagnosing COPD in women may cause an underestimation of
the number of COPD cases in women (53). This phenomenon
may indirectly reduce the detection of PE and DVT in women
with AECOPD.

Results of the subgroup analysis demonstrated the varied
prevalence of PE and DVT among patients with AECOPD in
WHO regions. However, there was no statistically significant
difference (P > 0.05) between the subgroups, i.e., the region
may not be the source of heterogeneity. Data in our study were
only acquired from partly countries in WHO regions; therefore,
we could not obtain data from other countries. Fu et al. also
conducted a subgroup analysis on the regions; however, the
results were different owing to different included studies and
regional divisions (48). The incidence and prevalence of VTE
and COPD differ among different regions and races (54-56).
Moreover, the prevalence of PE varies across different regions
of a country (57, 58). Therefore, the prevalence of PE and DVT
in patients with AECOPD may differ across regions. However,
this phenomenon contradicted our findings. We should update
the prevalence across different regions with an increase in the
number of related studies. Overall, the degree of pharmacological
prophylaxis for preventive anticoagulation against PE and DVT
may differ among regions. For instance, a quarter of patients at
risk of VTE did not receive prophylaxis in Africa (59).

The subgroup analysis results also illustrated that age was not
the source of heterogeneity in the prevalence of PE and DVT
(P > 0.05) on using 70-year-old patients as the boundary. The
age-related trend of the prevalence of PE among patients with
AECOPD was inconsistent with that of the prevalence of VTE
and COPD. Age is a risk factor for VTE, with a high incidence
in patients aged > 70 years old (60, 61). For women, the risk
of developing COPD increased by 4.7 aged 61-70 years old and
14.5 after 80 years old (62). Moreover, the mortality increased
with age (63). Currently, there are few studies on the prevalence
of PE and DVT among patients with AECOPD, particularly on
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TABLE 4 | Meta-analysis of risk factors for VTE in patients with AECOPD.

Risk factors Studies Heterogeneity test Effect model OR (95%Cl) P value
P P value

Bedridden/immobility 4 0.0% 0.671 Fixed effect model 2.93 (2.10-4.10) 0.000

D-dimer 2 74.2% 0.049 Random effect model 4.04 (0.25-64.44) 0.323

Lower limb asymmetry 2 0.0% 0.859 Fixed effect model 2.51 (1.63-3.86) 0.000

Age 2 80.1% 0.025 Random effects model 2.01 (0.40-10.02) 0.394

VTE, venous thromboembolism; AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

TABLE 5 | Location characteristics of VTE included in the study.

Inclusion study VTE Cases Location

Right popliteal vein, two cases; and between superficial femoral vein and popliteal vein, three cases (two in the right and

Central, nine cases; segmental, five cases; subsegmental four cases or bilateral, nine cases; and unilateral, nine cases (right

Central, five cases (right or left main pulmonary artery, four cases or interlobato-lobar pulmonary artery, one case)

Main pulmonary artery, 10 cases; segmental, eight cases; and subsegmental, 32 cases or bilateral, five cases; unilateral, 45

Pulmonary trunk, three cases; lobar PE, 14 cases; segmental PE, 24 cases; isolated subsegmental PE, one case; and

Akgun et al. (22) DvT 16 Right common femoral vein, three cases; left common femoral vein, two cases;
Right superficial femoral vein, four cases; left superficial femoral vein, two cases;
one in the left)

Tillie-Leblond et al. (23)2 PE 43 Central, 20 cases; segmental, 21 cases; and isolated subsegmental, two cases

Rutschmann et al. (24) PE Lobar, three cases; subsegmental, one case

DvT Proximal, two cases

Lessiani et al. (25) DVT Proximal (femoro-popliteal), three cases; distal, three cases

Gunen et al. (26) PE 18
sided alone, seven cases; left sided alone, two cases)

DVT 14 Bilateral, one case; unilateral, 13 cases (right, six cases; left, seven cases)

Duan et al. (27) DVT 46 Proximal, 19 cases; distal, 27 cases

Dutt and Udwadia (28) DVT Bilateral, one case; unilateral, eight cases

Choi et al. (30) PE

DVT Proximal, four cases; distal, two cases

Akpinar et al. (32) PE 50

cases
DVT 50 Proximal, 10 cases; distal, 40 cases (distal deep vein, 18 cases; distal superficial vein, 22 cases)

Couturaud et al. (39) PE 44

multiple subsegmental PE, two cases
DVT 25 Proximal, 10 cases; distal, 15 cases

ACTA in patients initially referred for suspected PE.
PE, pulmonary embolism; DVT, deep venous thrombosis; VTE, venous thromboembolism.

the relationship between prevalence and age. Further research
is warranted to explain this age-specific shift in the burden
of disability.

The diagnosis time was the source of heterogeneity. The
prevalence of PE in patients with AECOPD diagnosed within
48h was higher than those with other diagnostic times (16 vs.
6%, P < 0.05). However, different diagnostic times exerted little
effect on DVT in our study. According to GOLD guidelines,
the risk of PE and DVT increases with the deterioration of
COPD, thus necessitating preventive measures of anticoagulation
(1). We stratified the prevalence by the diagnosis time, which
partially avoided the effect of preventive anticoagulation on PE
and DVT during hospitalization. However, this study is only a
preliminary report. Some studies did not mention the specific
diagnosis time, which may exert an impact on the results. Early
diagnosis, detection, and timely treatment of PE can reduce the
risk of this disease.

The pooled analysis demonstrated that bedridden/immobility
and lower limb asymmetry were the most common independent
risk factors for VTE among patients with AECOPD. A recent
qualitative analysis reported that immobilization, higher D-
dimer level, lower limb edema, DVT, and older age were the
dependent predictors (49). In this study, D-dimer and age were
not risk factors for VTE in patients with AECOPD. The reasons
for differences between the two results are principally attributed
to different methods of data extraction and data processing.
Moreover, in our studies, the number of studies with risk factors
related to D-dimer and age is small, and the confidence interval
is large. The incidence of VTE increases with age, and functional
impairment is an age-specific risk factor for VIE (64). D-
dimer is the expression of endogenous fibrinolytic activity. D-
dimer thresholds can determine the need for anticoagulation
for patients with suspected PE. Moreover, they distinguish
between patients at a high risk of clinical deterioration and
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TABLE 6 | Frequency of PE location.

PE location Cases Percent (%)
Central 64 39%
Segmental 58 35%
Subsegmental 42 26%
Total 164 100%

PE, pulmonary embolism.

TABLE 7 | Frequency of DVT location.

DVT location Cases Percent (%)
Proximal 48 36%
Distal 87 64%
Total 135 100%

DVT, deep venous thrombosis.

nondeterioration (65). Akpinar et al. revealed that D-dimer cut-
off level for excluding PE in COPD exacerbation was 0.95 pg/ml
(66). However, D-dimer levels of AECOPD combined with VTE
vary across studies, thus warranting further research.

Understanding the risk factors of VTE among patients
with AECOPD facilitates the early identification of high-risk
patients and reduces the risk of VTE. In 2003, Ambrosetti
et al. systematically reviewed the prevalence and prevention
of AECOPD together with VTE in the MEDLINE database
from 1966 to 2003 (67). A global survey demonstrated that the
public lacks awareness of PE and DVT. Similarly, they have
little information about the related symptoms, signs, and risk
factors (68). Recently, Fu et al. also reported the clinical features
of AECOPD combined with VTE (48). Furthermore, following
anticoagulant therapy, there was no significant difference in the
risk of recurrent VTE, compared with those without COPD
(69). Thus, understanding the risk factors of AECOPD combined
with VTE is a prerequisite for reducing the prevalence and the
prevention of VTE.

In this study, most articles simultaneously reported on PE
with DVT. However, there are few reports on DVT and PE only.
The RIETE registry reported that patients with COPD having PE
have an increased risk of PE recurrence and death, and require
more effective treatment than those with DVT alone (70). PE is
supposedly caused by the movement of blood clots in the venous
system. Despite pieces of evidence for in-situ pulmonary artery
thrombosis, the displacement of venous thrombosis, particularly
PE caused by DVT of the lower extremities, warrants attention
(71). More than 90% of PE originates from DVT in the lower
extremities (72). Approximately 70% of fatal PE cases result
from lower extremity thrombosis (73). Approximately, one-third
of the patients with DVT have silent PE (74). Therefore, the
prevention, screening, and management of DVT can reduce the
morbidity and mortality of PE in patients with AECOPD.

This study demonstrated that the location of PE in patients
with AECOPD was mainly central, segmental, and subsegmental.
The location of DVT among patients with AECOPD was
about 64% in the distal vein and the proximal vein was 36%.

The REMOTEV registry demonstrated that patients with PE-
related DVT had more severe PE. During DVT, the proximal
location is significantly associated with the severity of PE (75).
In patients with isolated acute DVT and initial symptoms,
distal DVT is more common in women than that in men. In
contrast, men display a higher proportion of proximal events
(76). The location of the thrombus is related to the treatment
and management of VTE. Researchers recommend 3-month
anticoagulant therapy for patients with proximal DVT or PE (77).
Direct oral anticoagulant therapies can reduce the recurrence
rate, massive bleeding rate, and mortality of VTE in patients with
proximal and distal DVT (78).

The methodological quality assessment of prevalence
varies across randomized controlled trials that commonly use
recommended risk assessment tools (79). Migliavaca et al. (80)
reported on 30 tools related to prevalence studies. Of these
tools, eight were specifically designed for studies on the quality
assessment of prevalence. We used a tool modified by Hoy et
al. (17). The included articles had a moderate risk of bias in our
study. Nevertheless, suitable methodological evaluation tools
were limited, and scores of the first to third items were 0 in most
of the studies. Considering the relatively low prevalence and the
lack of large-scale national sampling surveys and censuses, most
studies and the evaluation of external effectiveness items are not
completely compatible, which may partially affect the risk of bias.

LIMITATIONS

The included studies had high heterogeneity, which was analyzed
by the subgroup analysis. The difference in the diagnosis time
among the prevalence of PE in patients with COPD was partly
revealed sources of heterogeneity. However, we only explored
important factors. Unexamined factors, such as the type of
living ward, the severity of disease, the severity of COPD, and
publication year may have contributed to the heterogeneity.
Despite the inclusion of heterogeneous studies, the sensitivity
analysis results were stable. Besides no publication bias, the
results were relatively reliable. Because of the lack of a suitable
methodological evaluation tool, we may have overestimated the
risk of bias. Moreover, DVT commonly occurs in the legs;
however, the deep veins of the visceral areas, cerebral areas, and
arms may also be affected (81). Most studies assessed the lower
limbs; CT angiography was performed only on suspecting PE
in most studies, which may have led to an underestimation of
the prevalence of PE and DVT among patients with AECOPD.
Considering the relatively small number of studies that met the
inclusion criteria and larger heterogeneity, the results should be
carefully interpreted, particularly the findings of the WHO region
subgroup, and further research is warranted.

CONCLUSION

The prevalence of PE and DVT among patients with AECOPD
is relatively low and there was no significant difference between
the WHO regions and age groups. Its early diagnosis was
associated with a higher prevalence. Bedridden/immobility and
lower limb asymmetry are the most common independent risk
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factors for VTE in patients with AECOPD. Clinicians and the
public should improve their awareness of disease prevention
and management.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

AUTHOR CONTRIBUTIONS

JL, MW, and HZ participated in the conception and design of
the study. HZ formulated the retrieval strategy and conducted
the data retrieval. WH, HZ, YX, and HR participated in data
extraction, calculation, or analysis. WH drafted the manuscript.

REFERENCES

1. GOLD. Global strategy for the diagnosis, management and prevention of
COPD,Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2021.
(2021). Available online at: www.goldcopd.org
2. Collaborators, GBD 2015 Chronic Respiratory Disease. Global, regional,
national deaths. prevalence, disability-adjusted life years, and years lived with
disability for chronic obstructive pulmonary disease and asthma, 1990-2015: a
systematic analysis for the Global Burden of Disease Study 2015. Lancet Respir
Med. (2017) 5: 691-706. doi: 10.1016/52213-2600(17)30293-X
3. Croft JB, Wheaton AG, Liu Y, Xu F Lu H, Matthews KA, et al. Urban-
Rural County and state differences in chronic obstructive pulmonary disease
- united states, 2015. MMWR Morb Mortal Wkly Rep. (2018) 67:205-
11. doi: 10.15585/mmwr.mmé6707al

. Anees Ur R, Ahmad Hassali MA, Muhammad SA, Shah S, Abbas S, Hyder Ali
IAB, et al. The economic burden of chronic obstructive pulmonary disease
(COPD) in the USA, Europe, and Asia: results from a systematic review
of the literature. Expert Rev Pharmacoecon Outcomes Res. (2020) 20:661-
72. doi: 10.1080/14737167.2020.1678385

5. Zhu B, Wang Y, Ming J, Chen W, Zhang L. Disease burden of COPD
in China: a systematic review. Int | Chron Obstruct Pulmon Dis. (2018)
13:1353-64. doi: 10.2147/COPD.S161555

6. Wang C, Xu JY, Yang L, Xu YJ, Zhang XY, Bai CX, et al. China
Pulmonary Health Study Group. Prevalence and risk factors of chronic
obstructive pulmonary disease in China (the China Pulmonary Health
[CPH] study): a national cross-sectional study. Lancet. (2018) 391:1706-
17. doi: 10.1016/50140-6736(18)30841-9

7. Wedzicha JA, Seemungal TA, COPD. exacerbations: defining their cause and
prevention. Lancet. (2007) 370:786-96. doi: 10.1016/S0140-6736(07)61382-8

8. Ko FW, Chan KP, Hui DS, Goddard JR, Shaw ]G, Reid DW, et al.
Acute exacerbation of COPD. Respirology (Carlton, Vic). (2016) 21:1152-
65. doi: 10.1111/resp.12780

9. Husebo GR, Gabazza EC, D’Alessandro Gabazza C, Yasuma T, Toda M,

Aanerud M, et al. Coagulation markers as predictors for clinical events in

COPD. Respirology. (2021) 26:342-351. doi: 10.1111/resp.13971

Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ,

Harjola VP, et al. 2019 ESC Guidelines for the diagnosis and

management of acute pulmonary embolism developed in collaboration

with the European Respiratory Society (ERS). Eur Heart ]. (2020)

41:543-603. doi: 10.1093/eurheartj/ehz405

Grosse SD, Nelson RE, Nyarko KA, Richardson LC, Raskob GE. The

economic burden of incident venous thromboembolism in the United States:

a review of estimated attributable healthcare costs. Thromb Res. (2016) 137:3—

10. doi: 10.1016/j.thromres.2015.11.033

10.

11.

All authors read and modified the content of the manuscript and
determined the final manuscript.

FUNDING

This study was funded by the National Natural Science
Foundation of China (8830116 and 81873278), the Qihuang
Scholars Award of the State TCM Academic Leader Program
[No. (2018)284], and Zhong-yuan Scholars and Scientists Project
[No. (2018)204].

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2022.732855/full#supplementary-material

Segaard KK, Schmidt M, Pedersen L, Horvith-Puh6 E, Serensen
HT.  30-year  mortality  after  venous
population-based  cohort  study.  Circulation.
36. doi: 10.1161/CIRCULATIONAHA.114.009107
Borvik T, Braekkan SK, Evensen LH, Brodin EE, Morelli VM, Melbye H, et
al. Chronic obstructive pulmonary disease and risk of mortality in patients
with venous thromboembolism- The Tromse Study. Thromb Haemost. (2020)
120:477-83. doi: 10.1055/s-0039-3400744

. Cao YQ, Dong LX, Cao J. Pulmonary embolism in patients with acute
exacerbation of chronic obstructive pulmonary disease. Chin Med ] (Engl).
(2018) 131:1732-7. doi: 10.4103/0366-6999.235865

Wang FE Cheng ZZ, Wang JL, Han WZ, Sun NN. Incidence
of pulmonary embolism in patients with acute exacerbations of
chronic obstructive pulmonary disease: a meta-analysis. Natl Med
J China. (2013) 93:1868-71. doi: 10.3760/cma.j.issn.0376-2491.2013.
24.004

Stroup DE Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et
al. Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis of observational studies in epidemiology (MOOSE)
group. JAMA. (2000) 283:2008-12. doi: 10.1001/jama.283.15.2008

Hoy D, Brooks P, Woolf A, Blyth E March L, Bain C, et al. Assessing
risk of bias in prevalence studies: modification of an existing tool
and evidence of interrater agreement. J Clin Epidemiol. (2012) 65:934-
9. doi: 10.1016/j.jclinepi.2011.11.014

Mogire RM, Mutua A, Kimita W, Kamau A, Bejon P, Pettifor JM,
et al. Prevalence of vitamin D deficiency in Africa: a systematic
review and meta-analysis. Lancet Glob Health. (2020) 8:e134-42.
doi: 10.1016/S2214-109X(19)30457-7

Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata command to
perform meta-analysis of binomial data. Arch Public Health. (2014)
72:39. doi: 10.1186/2049-3258-72-39

Wong MCS, Huang ], Huang JLW, Pang TWY, Choi P, Wang J, et al. Global
prevalence of colorectal neoplasia: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol. (2020) 18:553-561.e10. doi: 10.1016/j.cgh.2019.07.016
Pek WY, Johan A, Stan S, Lee P, Chee CB, Wang YT. Deep vein thrombosis in
patients admitted for exacerbation of chronic obstructive pulmonary disease.
Singapore Med J. (2001) 42:308-11.

Akgun M, Meral M, Onbas O, Araz O, Koplay M, Aslan S, et al. Comparison
of clinical characteristics and outcomes of patients with COPD exacerbation
with or without venous thromboembolism. Respiration. (2006) 73:428-
33. doi: 10.1159/000092952

Tillie-Leblond I, Marquette CH, Perez T, Scherpereel A, Zanetti
C, Tonnel AB, Pulmonary in patients with
unexplained  exacerbation = of  chronic  obstructive  pulmonary

thromboembolism:  a
(2014)  130:829-

20.

21.

22.

23.

et al embolism

Frontiers in Cardiovascular Medicine | www.frontiersin.org

13

March 2022 | Volume 9 | Article 732855


https://www.frontiersin.org/articles/10.3389/fcvm.2022.732855/full#supplementary-material
http://www.goldcopd.org
https://doi.org/10.1016/S2213-2600(17)30293-X
https://doi.org/10.15585/mmwr.mm6707a1
https://doi.org/10.1080/14737167.2020.1678385
https://doi.org/10.2147/COPD.S161555
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.1016/S0140-6736(07)61382-8
https://doi.org/10.1111/resp.12780
https://doi.org/10.1111/resp.13971
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.1016/j.thromres.2015.11.033
https://doi.org/10.1161/CIRCULATIONAHA.114.009107
https://doi.org/10.1055/s-0039-3400744
https://doi.org/10.4103/0366-6999.235865
https://doi.org/10.3760/cma.j.issn.0376-2491.2013.24.004
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/S2214-109X(19)30457-7
https://doi.org/10.1186/2049-3258-72-39
https://doi.org/10.1016/j.cgh.2019.07.016
https://doi.org/10.1159/000092952
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Han et al.

Prevalence of PE With AECOPD

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

disease: prevalence and risk factors. Ann Intern Med. (2006)
144:390-6. doi: 10.7326/0003-4819-144-6-200603210-00005

Rutschmann OT, Cornuz J, Poletti PA, Bridevaux PO, Hugli OW,
Qanadli SD, et al. Should pulmonary embolism be suspected in
exacerbation of chronic obstructive pulmonary disease? Thorax. (2007)
62:121-5. doi: 10.1136/thx.2006.065557

Lessiani G, Falco A, Franzone G, Saggini R, Davi G. Prevalence of deep vein
thrombosis in patients affected by exacerbation of mild to moderate COPD at
stage I-II of GOLD classification. Archives of Medical Science. (2008) 4:62-5.
Gunen H, Gulbas G, In E, Yetkin O, Hacievliyagil SS. Venous
thromboemboli and exacerbations of COPD. Eur Respir J. (2010)
35:1243-8. doi: 10.1183/09031936.00120909

Duan SC, Yang YH Li XY, Liang XN, Guo R], Xie WM, et al. Prevalence
of deep venous thrombosis in patients with acute exacerbation of chronic
obstructive pulmonary disease. Chin Med ] (Engl). (2010) 123:1510-
4. doi: 10.3760/cma.j.issn.0366-6999.2010.12.005

Dutt,T. S., Udwadia ZF. Prevalence of venous thromboembolism in
acute exacerbations of chronic obstructive pulmonary disease: an Indian
perspective. Indian ] Chest Dis Allied Sci. (2011) 53:207-10.

Wang TS, Mao YM, Sun YM, Lou YJ. Pulmonary embolism in patients
with chronic obstructive pulmonary disease exacerbations of unknown origin:
clinical characteristics and risk factors. Chin ] Tuberc Respir Dis. (2012)
35:259-63. doi: 10.3760/cma.j.issn.1001-0939.2012.04.008

Choi KJ, Cha SI, Shin KM, Lee ], Hwangbo Y, Yoo SS, et al. Prevalence
and predictors of pulmonary embolism in korean patients with exacerbation
of chronic obstructive pulmonary disease. Respiration. (2013) 85:203-
9. doi: 10.1159/000335904

Liang LR, Zhang Z, Wang H, Xu ZY, Qian XS, Zhang ZQ, et
al. Proportion and prevention of venous thromboembolism among
hospitalized patients with acute exacerbation of chronic obstructive
pulmonary disease in Beijing. Natl Med ] China. (2013) 93:2337-
2340. doi: 10.3760/cma.j.issn.0376-2491.2013.30.001

Akpinar EE, Hosgiin D, Akpinar S, Atag GK, Doganay B, Giilhan M. Incidence
of pulmonary embolism during COPD exacerbation. ] Bras Pneumol. (2014)
40:38-45. doi: 10.1590/51806-37132014000100006

Shapira-Rootman M, Beckerman M, Soimu U, Nachtigal A, Zeina AR. The
prevalence of pulmonary embolism among patients suffering from acute
exacerbations of chronic obstructive pulmonary disease. Emerg Radiol. (2015)
22:257-60. doi: 10.1007/s10140-014-1280-7

Bahloul M, Chaari A, Tounsi A, Baccouche N, Abid H, Chtara K, et al.
Incidence and impact outcome of pulmonary embolism in critically ill patients
with severe exacerbation of chronic obstructive pulmonary diseases. Clin
Respir J. (2015) 9:270-7. doi: 10.1111/crj.12131

Davoodi M, Rezvankhah B, Gohari Moghadam K, Hashemi Taheri AP. The
prevalence and predicting factors of pulmonary thromboembolism in patients
with exacerbated chronic obstructive pulmonary disease. Adv Respir Med.
(2018) 86:168-71. doi: 10.5603/ARM.a2018.0025

Pang H, Wang L, Liu ], Wang S, Yang Y, Yang T, et al. The prevalence and
risk factors of venous thromboembolism in hospitalized patients with acute
exacerbation of chronic obstructive pulmonary disease. Clin Respir J. (2018)
12:2573-80. doi: 10.1111/crj.12959

Hassen MF. Tilouche,N., Jaoued O, Elatrous S. Incidence and impact of
pulmonary embolism during severe COPD exacerbation. Respir Care. (2019)
64:1531-6. doi: 10.4187/respcare.06661

Dentali E Pomero F, Micco PD, La Regina M, Landini F, Mumoli N, et
al. Young-FADOI Study Group. Prevalence and risk factors for pulmonary
embolism in patients with suspected acute exacerbation of COPD: a multi-
center study. Eur ] Intern Med. (2020) 80:54-9. doi: 10.1016/j.jim.2020.05.006
Couturaud F, Bertoletti L, Pastre ], Roy PM, Le Mao R, Gagnadoux F
et al. Prevalence of pulmonary embolism among patients with COPD
hospitalized with acutely worsening respiratory symptoms. JAMA. (2021)
325:59-68. doi: 10.1001/jama.2020.23567

Kamel MM, Moussa H, Ismail A. Prevalence of venous thrombo-embolism in
acute exacerbations of chronic obstructive pulmonary disease. Egypt ] Chest
Dis Tuberc. (2013) 62:557-66.

Zhang MW, Ho RC, Cheung MW, Fu E, Mak A. Prevalence of depressive
symptoms in patients with chronic obstructive pulmonary disease: a

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

systematic review, meta-analysis and meta-regression. Gen Hosp Psychiatry.
(2011) 33:217-23. doi: 10.1016/j.genhosppsych.2011.03.009

Andersen KH, Iversen M, Kjaergaard J, Mortensen J, Nielsen-Kudsk JE,
Bendstrup E, et al. Prevalence, predictors, and survival in pulmonary
hypertension related to end-stage chronic obstructive pulmonary disease. J
Heart Lung Transplant. (2012) 31:373-80. doi: 10.1016/j.healun.2011.11.020
Rizkallah ], Man SFP, Sin DD Prevalence of pulmonary embolism in acute
exacerbations of COPD: a systematic review and meta-analysis. Chest. (2009)
135:786-93. doi: 10.1378/chest.08-1516

Aleva FE, Voets LWLM, SimonsSO, de Mast Qd, van der Ven JAM, Heijdra
YF. Prevalence and localization of pulmonary embolism in unexplained acute
exacerbations of COPD: a systematic review and meta-analysis. Chest. (2017)
151:544-54. doi: 10.1016/j.chest.2016.07.034

Fraisse F, Holzapfel L, Couland JM, Simonneau G, Bedock B, Feissel M,
et al. Nadroparin in the prevention of deep vein thrombosis in acute
decompensated COPD. The Association of Non-University Affiliated Intensive
Care Specialist Physicians of France. Am ] Respir Crit Care Med. (2000)
161:1109-14. doi: 10.1164/ajrccm.161.4.9807025

Yang M, Xu Y, Chen H, Xu Z, Luo F. Benefits and risks of low
molecular weight heparin in patients with acute exacerbation of chronic
obstructive pulmonary disease: a meta-analysis of randomized controlled
trials. Inflammopharmacology. (2020) 28:451-62. doi: 10.1007/s10787-019-
00659-5

del Campo M, Roberts G. Changes in warfarin sensitivity during
decompensated heart failure and chronic obstructive pulmonary disease. Ann
Pharmacother. (2015) 49:962-968. doi: 10.1177/1060028015590438

Fu X, Zhong Y, Xu W, Ju J, Yu M, Ge M, et al. The prevalence
and clinical features of pulmonary embolism in patients with AE-
COPD: A meta-analysis and systematic review. PLoS ONE. (2021)
16:0256480. doi: 10.1371/journal.pone.0256480

Wang J, Ding YM. Prevalence and risk factors of pulmonary embolism in
acute exacerbation of chronic obstructive pulmonary disease and its impact
on outcomes: a systematic review and meta-analysis. Eur Rev Med Pharmacol
Sci. (2021) 25:2604-16. doi: 10.26355/eurrev_202103_25424

Raghavan D, Varkey A, Bartter T. Chronic obstructive pulmonary
disease: the impact of gender. Curr Opin Pulm Med. (2017) 23:117-
23. doi: 10.1097/MCP.0000000000000353

Sawalha S, Hedman L, Backman H, Stenfors N, Rénmark E, Lundbick B, et
al. The impact of comorbidities on mortality among men and women with
COPD: report from the OLIN COPD study. Ther Adv Respir Dis. (2019)
13:1753466619860058. doi: 10.1177/1753466619860058

Shetty R, Seddighzadeh A, Piazza G, Goldhaber SZ. Chronic obstructive
pulmonary disease and deep vein thrombosis: a prevalent combination. J
Thromb Thrombolysis. (2008) 26:35-40. doi: 10.1007/s11239-007-0157-y
Chapman  KR.  Chronic  obstructive  pulmonary
women more susceptible than men? Clin Chest
25:331-41. doi: 10.1016/j.ccm.2004.01.003

Liao S, Woulfe T, Hyder S, Merriman E, Simpson D, Chunilal S.
Incidence of venous thromboembolism in different ethnic groups: a
regional direct comparison study. J Thromb Haemost. (2014) 12:214-
9. doi: 10.1111/jth.12464

disease:  are
Med.  (2004)

. Adeloye D, Chua S, Lee C, Basquill C, Papana A, Theodoratou E, et al. Global

health epidemiology reference group (GHERG). Global and regional estimates
of COPD prevalence: systematic review and meta-analysis. ] Glob Health.
(2015) 5:020415. doi: 10.7189/jogh.05-020415

Martin A, Badrick E, Mathur R, Hull S. Effect of ethnicity on the prevalence,
severity, and management of COPD in general practice. Br ] Gen Pract. (2012)
62:¢76-81. doi: 10.3399/bjgp12X625120

Stein PD, Kayali F, Olson RE. Regional differences in rates of diagnosis and
mortality of pulmonary thromboembolism. Am J Cardiol. (2004) 93:1194-
7. doi: 10.1016/j.amjcard.2004.01.061

Fang L, Gao P, Bao H, Tang X, Wang B, Feng Y, et al. Chronic obstructive
pulmonary disease in China: a nationwide prevalence study. Lancet Respir
Med. (2018) 6:421-30. doi: 10.1016/52213-2600(18)30103-6

Danwang C, Temgoua MN, Agbor VN, Tankeu AT, Noubiap JJ. Epidemiology
of venous thromboembolism in Africa: a systematic review. | Thromb
Haemost. (2017) 15:1770-81. doi: 10.1111/jth.13769

Frontiers in Cardiovascular Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 732855


https://doi.org/10.7326/0003-4819-144-6-200603210-00005
https://doi.org/10.1136/thx.2006.065557
https://doi.org/10.1183/09031936.00120909
https://doi.org/10.3760/cma.j.issn.0366-6999.2010.12.005
https://doi.org/10.3760/cma.j.issn.1001-0939.2012.04.008
https://doi.org/10.1159/000335904
https://doi.org/10.3760/cma.j.issn.0376-2491.2013.30.001
https://doi.org/10.1590/S1806-37132014000100006
https://doi.org/10.1007/s10140-014-1280-7
https://doi.org/10.1111/crj.12131
https://doi.org/10.5603/ARM.a2018.0025
https://doi.org/10.1111/crj.12959
https://doi.org/10.4187/respcare.06661
https://doi.org/10.1016/j.ejim.2020.05.006
https://doi.org/10.1001/jama.2020.23567
https://doi.org/10.1016/j.genhosppsych.2011.03.009
https://doi.org/10.1016/j.healun.2011.11.020
https://doi.org/10.1378/chest.08-1516
https://doi.org/10.1016/j.chest.2016.07.034
https://doi.org/10.1164/ajrccm.161.4.9807025
https://doi.org/10.1007/s10787-019-00659-5
https://doi.org/10.1177/1060028015590438
https://doi.org/10.1371/journal.pone.0256480
https://doi.org/10.26355/eurrev_202103_25424
https://doi.org/10.1097/MCP.0000000000000353
https://doi.org/10.1177/1753466619860058
https://doi.org/10.1007/s11239-007-0157-y
https://doi.org/10.1016/j.ccm.2004.01.003
https://doi.org/10.1111/jth.12464
https://doi.org/10.7189/jogh.05-020415
https://doi.org/10.3399/bjgp12X625120
https://doi.org/10.1016/j.amjcard.2004.01.061
https://doi.org/10.1016/S2213-2600(18)30103-6
https://doi.org/10.1111/jth.13769
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Han et al.

Prevalence of PE With AECOPD

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Waatevik M, Skorge TD, Omenaas E, Bakke PS, Gulsvik A, Johannessen A.
Increased prevalence of chronic obstructive pulmonary disease in a general
population. Respir Med. (2013) 107:1037-45. doi: 10.1016/j.rmed.2013.04.008
Raskob GE, Angchaisuksiri P, Blanco AN, Buller H, Gallus A, Hunt BJ, et
al. Thrombosis: a major contributor to global disease burden. Arterioscler
Thromb Vasc Biol. (2014) 34:2363-2371. doi: 10.1161/ATVBAHA.114.3
04488

Montserrat-Capdevila JR, Ortega M, Castan-Abad MT,
Alseda M, Barbé E Clinico-epidemiological  characteristics
of men and women with a new diagnosis of chronic obstructive
pulmonary disease: a database (SIDIAP) study. BMC Pulm Med. (2021)
21:44. doi: 10.1186/512890-021-01392-y
Stein PD, Matta FE Hughes MJ.
deep  venous  thrombosis. Am ]
600. doi: 10.1016/j.amjmed.2016.10.030
Engbers M]J, Blom JW, Cushman M, Rosendaal FR, van Hylckama Vlieg A.
Functional impairment and risk of venous thrombosis in older adults. ] Am
Geriatr Soc. (2017) 65:2003-8. doi: 10.1111/jgs.14964

Narang ], Nowacki AS, Seballos SS. Wang PR, Mace SE. D-
dimer can help differentiate  suspected  pulmonary
patients that require anti-coagulation. Am ] Emerg Med.
45:361-7. doi: 10.1016/j.ajem.2020.08.086

Akpinar EE, Hosgiin D, Doganay B, Ata¢ GK, Gilhan M. Should
the cut-off value of D-dimer be elevated to exclude pulmonary
embolism in acute exacerbation of COPD? ] Thorac Dis. (2013)
5:430-4. doi: 10.3978/j.issn.2072-1439.2013.07.34

M, Ageno W, Spanevello A, M, Pedretti
RF. Prevalence and prevention of venous thromboembolism
in patients with acute exacerbations of COPD. Thromb Res.
(2003) 112:203-207.doi: 10.1016/j.thromres.2003.12.003

Wendelboe AM, McCumber M, Hylek EM, Buller H, Weitz JI, Raskob
GISTH, et al. Global public awareness of venous thromboembolism. ] Thromb
Haemost. (2015) 13:1365-71. doi: 10.1111/jth.13031

Le Mao R, Tromeur C, Bazire A, Gouillou M, Guegan M, Lacut
K, et al. Risk thromboembolism in COPD
patients: results from a prospective cohort study. Eur Respir J. (2017)
50:1700094. doi: 10.1183/13993003.00094-2017

Bertoletti L, Quenet S, Laporte S, Sahuquillo JC, Conget E Pedrajas JM,
et al. Pulmonary embolism and 3-month outcomes in 4036 patients with
venous thromboembolism and chronic obstructive pulmonary disease: data
from the RIETE registry. Respir Res. (2013) 14:75. doi: 10.1186/1465-9921-
14-75

Porembskaya O, Toropova Y, Tomson V, Lobastov K, Laberko L, Kravchuk
V, et al. Pulmonary artery thrombosis: a diagnosis that strives for its
independence. Int ] Mol Sci. (2020) 21:5086. doi: 10.3390/ijms21145086
Girard P, Sanchez O, Leroyer C, Musset D, Meyer G, Stern JB, et al.
Evaulation du Scanner Spiralé dans 'Embolie Pulmonaire Study Group.
Deep venous thrombosis in patients with acute pulmonary embolism:
prevalence, risk factors, clinical significance. Chest. (2005) 128:1593-
600. doi: 10.1378/chest.128.3.1593

J, Marsal
et al

In-Hospital
Med.

mortality ~ with
(2017) 130:596-

embolism
(2021)

Ambrosetti Salerno

of recurrent venous

73.

74.

75.

76.

77.

78.

79.

80.

81.

Tadlock MD, Chouliaras K, Kennedy M, Talving P, Okoye O, Aksoy H, et al.
The origin of fatal pulmonary emboli: a postmortem analysis of 500 deaths
from pulmonary embolism in trauma, surgical, medical patients. Am | Surg.
(2015) 209:959-68. doi: 10.1016/j.amjsurg.2014.09.027

Stein PD, Matta F, Musani MH, Diaczok B. Silent pulmonary embolism in
patients with deep venous thrombosis: a systematic review. Am J Med. (2010)
123:426-31. doi: 10.1016/j.amjmed.2009.09.037

Cordeanu EM, Lambach H, Heitz M, Di Cesare ], Mirea C, Faller AM, et al.
Pulmonary Embolism and Coexisting Deep Vein Thrombosis: A Detrimental
Association? ] Clin Med. (2019) 8:899. doi: 10.3390/jcm8060899

Trinchero A, Scheres LJJ, Prochaska JH, Ambaglio C, Wild PS, Middeldorp
S, et al. Sex-specific differences in the distal versus proximal presenting
location of acute deep vein thrombosis. Thromb Res. (2018) 172:74-
79. doi: 10.1016/j.thromres.2018.10.025

Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al.
Antithrombotic therapy for VTE disease: CHEST guideline and expert panel
report. Chest. (2016) 149:315-52. doi: 10.1016/j.chest.2015.11.026

Vlazny DT, Pasha AK, Kuczmik W, Wysokinski WE, Bartlett M. Houghton
D, et al. Outcome of anticoagulation in isolated distal deep vein thrombosis
compared to proximal deep venous thrombosis. ] Thromb Haemost. (2021)
19:2206-15. doi: 10.1111/jth.15416

Higgins JP, Altman DG, Getzsche PC, Jini P, Moher D, Oxman AD,
et al. The Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials. BM]J (Clinical research ed). (2011) 343:d5928. doi: 10.1136/
bmj.d5928

Migliavaca CB, Stein C, Colpani V, Munn Z, Falavigna M. Prevalence estimates
reviews-systematic review methodology group (PERSyst). Quality assessment
of prevalence studies: a systematic review. J Clin Epidemiol. (2020) 127:59-
68. doi: 10.1016/j.jclinepi.2020.06.039

Di Nisio M, van Es N, Biiller HR. Deep vein thrombosis and pulmonary
embolism. Lancet. (2016) 388:3060-73. doi: 10.1016/S0140-6736(16)30514-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Han, Wang, Xie, Ruan, Zhao and Li. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

15

March 2022 | Volume 9 | Article 732855


https://doi.org/10.1016/j.rmed.2013.04.008
https://doi.org/10.1161/ATVBAHA.114.304488
https://doi.org/10.1186/s12890-021-01392-y
https://doi.org/10.1016/j.amjmed.2016.10.030
https://doi.org/10.1111/jgs.14964
https://doi.org/10.1016/j.ajem.2020.08.086
https://doi.org/10.3978/j.issn.2072-1439.2013.07.34
https://doi.org/10.1016/j.thromres.2003.12.003
https://doi.org/10.1111/jth.13031
https://doi.org/10.1183/13993003.00094-2017
https://doi.org/10.1186/1465-9921-14-75
https://doi.org/10.3390/ijms21145086
https://doi.org/10.1378/chest.128.3.1593
https://doi.org/10.1016/j.amjsurg.2014.09.027
https://doi.org/10.1016/j.amjmed.2009.09.037
https://doi.org/10.3390/jcm8060899
https://doi.org/10.1016/j.thromres.2018.10.025
https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1111/jth.15416
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.jclinepi.2020.06.039
https://doi.org/10.1016/S0140-6736(16)30514-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Prevalence of Pulmonary Embolism and Deep Venous Thromboembolism in Patients With Acute Exacerbation of Chronic Obstructive Pulmonary Disease: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Literature Search
	Inclusion and Exclusion Criteria
	Study Selection and Data Extraction
	Quality Assessment
	Statistical Analysis

	Results
	Search Results
	Study Characteristics
	Results of the Risk of Bias
	Prevalence of VTE in Patients With AECOPD
	Subgroup Analysis
	Subgroup Differences and Meta-Regression
	Publication Bias
	Risk Factors for VTE in AECOPD
	Location of VTE in AECOPD

	Discussion
	Limitations
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


