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ARTICLE INFO ABSTRACT
Keywords: Background: Exacerbations of chronic obstructive pulmonary disease (COPD) are known to increase the risk of
Cardiopulmonary risk cardiovascular (CV) events and mortality. However, the temporal trend of this risk has not fully elucidated. This

Cardiovascular event

systematic review and meta-analysis aims to quantify the risk of CV events after COPD exacerbations over
Exacerbation of COPD

different time periods.

Objectives: To assess the temporal association between CV events, including acute coronary syndrome (ACS),
heart failure (HF), acute cereberovascular events, arrhythmia and all-cause mortality after the onset of COPD
exacerbations in the following timepoints: 1-30 and 31-180 days; 1-7, 8-14, 15-30, 31-180, 181-365 and >365
days.

Methods: A comprehensive literature search was conducted in PubMed, Embase, Web of Science and Cochrane
databases, identifying observational studies that reported CV outcomes following COPD exacerbations. Studies
were included if they enrolled adults diagnosed with COPD and compared CV event rates during exacerbation
and non-exacerbation periods (PROSPERO, CRD42024561490).

Results: Sixteen studies with over 1.8 million participants were included. Our meta-analysis demonstrated a
significantly increased risk of ACS, HF, cerebrovascular events and arrhythmia, with the highest magnitude of
risk observed in the period 1-30 days following an exacerbation. This increased risk showed a decline in time
points 31-180, 181-365 days and remained persistently higher for ACS even one year after an acute exacer-
bation. Notably, the risk of HF was found to be greater compared to the other CV outcomes.

Conclusion: COPD exacerbations significantly increase the risk of acute CV events, particularly within the first 30
days. Optimal strategies to reduce cardiopulmonary risk are needed.

1. Introduction production [1,2]. It is the third leading cause of morbidity and mortality

globally, constituting a significant public health challenge and placing a

Chronic obstructive pulmonary disease (COPD) is primarily a respi- considerable burden on individuals and healthcare systems worldwide
ratory condition characterized by irreversible airflow limitation and [1,2].

multiple debilitating symptoms, including dyspnea, cough, and sputum However, the impact of COPD extends beyond the respiratory
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system, revealing a complex interplay with various comorbidities,
particularly cardiovascular (CV) diseases [3]. Although traditionally
regarded as distinct entities, growing evidence suggests a complex
relationship between these conditions, leading to their co-occurrence
being described as a "syndemic” [4]. Previous studies have reported a
high prevalence of CV disease among COPD patients, ranging from 28 %
to 70 % [5]. Most recently, a meta-analysis of observational studies
demonstrated that CV outcomes—including ischemic heart disease,
arrhythmia, heart failure (HF), and cerebral ischemia—are nearly two to
five times more common in COPD patients compared with those without
COPD [6]. Beyond cigarette smoking, a primary risk factor for both
COPD and CV disease, an increasing body of literature suggests that
chronic low-grade systemic inflammation plays a critical role in the
development and progression of CV disease [3,7-9]. However, this re-
mains an area of ongoing debate [10].

Of particular concern is the period following a COPD exacerbation,
characterized by an acute worsening of respiratory symptoms that
frequently necessitates hospitalization and significantly impacts
morbidity and mortality [11,12]. Exacerbations are thought to act as
triggers for CV events, likely due to a combination of factors including
heightened inflammation, increased cardiac workload, and alterations
in coagulation pathways [13-15]. A meta-analysis by Mullerova et al.
demonstrated that the risk of acute myocardial infarction (AMI) and
stroke is elevated between 1 and 3 months after an exacerbation,
compared to non-exacerbation periods, and remains persistently high
for up to 12 months [16,17]. The syndemic interaction between COPD
and CV disease underscores the importance of recognizing and
addressing the cardiopulmonary continuum to improve patient
outcomes.

This systematic review and meta-analysis seeks to elucidate the risk
of developing CV events during the vulnerable period following a COPD
exacerbation. For the purpose of this meta-analysis, the following CV
events were considered: 1) acute coronary syndrome (ACS); 2) HF; 3)
acute cerebrovascular events; 4) arrhythmias, electrocardiographic or
clinical. Additionally, if reported by the included studies, all-cause
mortality following an acute exacerbation was also examined.

2. Methods
2.1. Search strategy, selection criteria and data extraction

We systematically searched for peer-reviewed reports with no lan-
guage restriction in PubMed, Embase, WebOfScience, Cochrane Central
Register of Controlled Trials (CENTRAL) and Cochrane Reviews from
inception to 30 July 2024. The search term strategy included a combi-
nation of synonyms of “COPD”, “acute exacerbation” and each CV
events. For the complete search strategy see e-Table 1. This systematic
review and meta-analysis was registered on the International Prospec-
tive Register of Systematic Reviews (PROSPERO, CRD42024561490)
and reported in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) statement guidelines.
PRISMA-S checklist is available in e-Table 2. For the purpose of this
meta-analysis, we included studies that met all of the following eligi-
bility criteria: 1) cohort/longitudinal studies, case-control/case-
crossover/case-series studies and cohorts within randomized
controlled trials (RCTs) that enrolled adults with a COPD diagnosis; 2)
those reporting rates of CV events following a COPD exacerbation
defined as the exposure of interest; 3) studies comparing the exposed
period either with their own-non exposure period defined as the time
elapsed from cohort entry to a first acute exacerbation or to adminis-
trative censoring due to loss to follow-up or absence of exposure of in-
terest. Editorials, letters to editor, conference abstracts or any studies
that have not been peer-reviewed were excluded. Potential eligibility of
the records identified from the literature search were independently
assessed by two authors (EP and AT) according to the eligibility criteria
and with a two-step inspection (title/abstract and full-text review).
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Disagreement was resolved by consensus between the third author.
Finally, data extraction was independently performed by two authors
(EP and DDR).

2.2. Endpoint definition

We defined the endpoints of interest as follows: 1) ACS included AMI
or unstable angina; 2) for HF, we considered acute HF decompensation
and acute pulmonary heart disease; 3) for acute cerebrovascular events,
we included ischemic, hemorrhagic stroke or transient ischemic attack
(TIA); 4) for electrocardiographic or clinical arrhythmias, we considered
atrial fibrillation, supraventricular, ventricular tachycardia, and cardiac
arrest.

2.3. Risk of bias assessment

Quality assessment of individual studies were conducted by LDA and
EP using “Risk Of Bias In Non-randomized Studies - of Exposures”
(ROBINS-E) tool wherein studies are scored as low, some concern, high
and very high risk of bias in 7 domains: confounding, measurement of
the exposure, selection of participants into the study or into the analysis,
post-exposure interventions, missing data, measurement of the outcome
and selection of the reported result [18]. Quality assessment of indi-
vidual RCTs were conducted usign the “Risk of Bias 2" (RoB 2) tool
wherein studies are scored as low, some concern, high risk of bias in 5
domains: randomisation process, deviation from intended intervention,
missing data, measurement of the outcome and selection of the reported
result [19].

2.4. Statistical analysis

Effect sizes reported in the included studies were treated as a com-
parable effect estimate and reported as a pooled hazard ratio (HR) with
95 % confidence intervals (95 %CI) [20]. All analyses were performed
using the DerSimonian and Laird random-effects model with
log-trasformed data and tested for heterogeneity using the Cochran Q
test and I? statistics.

To optimize data utilization within the meta-analysis, a pragmatic
approach was adopted to address minor discrepancies in reported
timepoints within the included studies. After a critical appraisal of the
different timepoints within the included studies, we structured the meta-
analysis as follows: 1) meta-analysis of CV outcomes within the period
1-30 and 31-180 days after a COPD exacerbation. The most clinically
relevant and comparable timepoint of all included studies was selected
for this analysis; 2) meta-analysis of CV outcomes within six different
time intervals, 1-7, 8-14, 15-30, 31-180, 181-365, >365 days after a
COPD exacerbation. To emphasize the time-dependent risk of CV events,
only studies reporting data for these specific intervals were included in
this analysis.

Sensitivity analyses were performed to assess the robustness and
consistency of the results such as the Jackknife or leave-one-out method
involving the exclusion of individual studies and recalculating the meta-
analysis using the remaining pooled estimates in order to determine if
any single study disproportionately influenced the overall results and
removing overlapping population [21]. For meta-analysis with at least
10 studies, we performed univariate random-effects meta-regressions
with log-transformed HRs to assess potential sources of heterogeneity
and Egger’s test to assess for the presence of publication bias and
small-study effect. For the purpose of the univariate metaregression we
used the following variables: 1) mean age; 2) male distribution; 3)
enrollement period (after 2011 vs before 2011); 4) median of follow-up
reported across the studies; 5) COPD diagnosis without spirometry. A
complete definition of the variables used in the meta-regression can be
found on e-Table 3. RevMan Web (The Cochrane collaboration,
Copenhagen, Denmark) was used for statistical analysis. Sensitivity
analyses, metaregression, Egger’s test and forest plots were performed
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using R 4.4.1 (Foundation for Statistical Computing, Vienna, Austria).

3. Results

Our literature search initially yielded 4933 results. We subsequently
excluded 4896 records after removing duplicates and studies with an
exclusion criterion based on title/abstract inspection. A total of 37 ar-
ticles were fully reviewed. After full-text screening, we included 16
studies in the quantitative analysis [22-33]. A full description of the
definitions of each individual CV events across the included studies can
be found in Supplementary appendix 4. The studies included in the
meta-analysis demonstrated variability in their approaches to estab-
lishing COPD diagnoses. Thirteen studies relied on International Clas-
sification of Diseases codes extracted from administrative databases to
identify potential COPD cases [17,22-31,34,35]. Conversely, three
studies enstablished a diagnosis of COPD with spirometry [32,33,36].
Fig. 1 shows the PRISMA flow diagram of the systematic literature
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search, study selection, and reasons for exclusion. The characteristics of
the study population are reported in e-Table 5A and e-Table 5B. A
detailed description of each timepoints used for meta-analyses is avail-
able in e-Table 6A and e-Table 6B. Finally, in e-Table 7 are reported the
exposure window and median follow-up of the included studies and a
graphical representation of number of events and total number of par-
ticipants for each CV outcomes within the included studies is reported in
e-Fig. 1.

3.1. Risk of ACS, HF, acute cerebrovascular events and arrhythmia after
1-30 and 31-180 days following moderate or severe COPD exacerbation

A meta-analysis of 14 studies, including 1.813.436 participants for
AMI and 1.799.133 participants for cerebral ischemia, demonstrated a
significantly increased risk of both events following an acute COPD
exacerbation. Specifically, compared to stable COPD, the period 1-30
days after an exacerbation was associated with a pooled HR of 3.74 (95

PubMed search: 1167 results
Embase search: 2562 results

CENTRAL search: 79 results

Web Of Science search: 1125 results

Records identified in

database and register search: 4933 results

Duplicate reports (n = 2127)

Reports screened: 2806 results

Excluded by title/abstract (n = 2769)

Full-text reviewed: 37 results

Full-text articles excluded after applying inclusion
and exclusion criteria (n = 21):

Timepoint not comparable (n =7)

Conference abstract/Poster (n = 6)

Economic impact of cardiovascular events after
COPD exacerbation (n = 3)

Review (n =3)

Composite cardiovascular outcome only (n = 1)

Study Protocol(n = 1)

16 included studies

Fig. 1. PRISMA flow-diagram of the systematic literature search, study selection and reasons for exclusion.
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%CI 2.35-5.95, 12: 99 %) for ACS and 2.46 (95 %CI 1.65-3.68, 12: 99 %)
for acute cerebrovascular events. Same results was observed for HF and
arrhythmia with a pooled HR of 6.81 (95 %CI 1.80-25.82, 1% 100 %;
1.649.437 participants) and 3.93 (95 %CI 1.94-7.95, 1% 99 %;
1.650.381 participants), respectively. Sensitivity analyses confirmed the
robustness of the meta-analyses (e-Table 8).

Compared to the time interval 1-30 days, the 31-180 period showed
a persistent, although less pronounced, increase in the risk of the four CV
events. Specifically, the pooled HR were: 1.38 (95 %CI 1.22-1.56, 1% 87
%) for ACS; 1.76 (95 %CI 1.49-2.07, 1%: 98 %) for HF; 1.29 (95 %CI
1.17-1.42, 1% 71 %) for acute cerebrovascular events; and 1.38 (95 %CI
1.20-1.57, 1% 89 %) for arrhythmia. Both our sensitivity analyses
showed no loss of statistical significance, suggesting that our findings
were consistently robust (e-Table 8).

Results of meta-analyses for CV events of the timepoints 1-30 and
31-180 days are summarized in Fig. 2 and fully reported in e-Fig. 1.

3.2. Results of meta-analyses for ACS, HF, acute cerebrovascular events
and arrhythmia of 1-7, 8-14, 15-30, 31-180, 181-365 and >365 days
following moderate or severe COPD exacerbation

Quantitative analysis of the six time intervals showed that the risk of
ACS is particularly high in the days immediately following the onset of a
COPD exacerbation (1-7 days: 9.59, 95 %CI 5.08-18.10, 1% 99 %; 8-14
days: 2.91, 95 %CI 2.04-4.15, 12 87 %; 15-30 days: 1.99, 95 %CI
1.55-2.55, 1% 83 %), in the medium-term (31-180 days: 1.34, 95 %CI
1.14-1.57, 1% 87 %) and remaining increased up to one year and beyond
(181-365 days: 1.23, 95 %CI 0.93-1.62, 12: 94 %; >365 days: 1.43, 95 %
CI 1.09-1.88, 1% 94 %).

Compared to the other CV outcomes, the risk of HF was particularly
heightened following a COPD exacerbation. In detail, the risk was 17.43-
fold after 1-7 days (95 %CI 4.49-67-63, 1%: 100 %), 4.48-fold after 8-14
days (95 %CI 2.54-7.90, 1% 98 %), 2.69-fold after 15-30 days (95 %CI
2.12-3.41, 12: 92 %), 1.68-fold after 31-180 days (95 %CI 1.46-1.94, %
93 %) and 1.33-fold (95 %CI 1.08-1.63, 12: 94 %) after 181-365 days.
For the time interval of >365 days, the meta-analysis showed no sig-
nificant differences in the risk of HF (pooled HR 1.45, 95 %CI 0.85-2.46,
12 99 %, p = 0.18). Same findings, although less pronounced, was
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observed for both acute cerebrovascular events and arrhythmia.

Results of meta-analyses for CV events of the timepoints 1-7, 8-14,
15-30, 31-180, 181-365 and >365 days are summarized in Fig. 3 and
fully reported in e-Fig. 3.

In the sensitivity analyses, the increased risks for all the CV outcomes
were consistently higher for timepoints 1-7, 8-14, 15-30 and 31-180.
For timepoints 181-365 and >365 days, the results were less robust as
we observed repeated loss of statistical significance (e-Table 8).

3.3. Results of meta-analysis for “all-cause mortality”

For the time interval 1-30 days after an acute exacerbation, the
pooled HR was 9.26 (95 %CI 5.85-14.66, 12: 100 %) and for 31-180
days, there was a 2.05-fold risk increase (pooled HR: 2.05, 95 %CI
1.85-2.27, 12: 95 %). The meta-analysis of the six timepoints showed
that the risk of all-cause mortality is most pronounced in the first 7 days
post-exacerbation, with a HR of 13.37 (95 % CI: 10.17-17.57, I 99 %).
Over the subsequent timepoints, the risk diminishes but remained
significantly high: at 8-14 days (HR: 6.18, 95 % CI: 4.88-7.83, I*: 97 %),
15-30 days (HR: 4.32, 95 % CI: 4.05-4.60, 1% 66 %), and 31-180 days
(HR: 2.16, 95 % CIL: 1.96-2.38, 1% 93 %). Even at 181-365 days post-
exacerbation, the risk remains elevated (HR: 1.29, 95 % CI: 1.14-1.46,
I%: 94 %) and persists over a year later (HR: 1.11, 95 % CI: 1.05-1.17, I%
29 %). Leave-one-out analysis showed the robustness of all meta-
analyses, except for the timepoint >365 days (e-Table 8).

3.4. Results of univariate meta-regression and Egger’s test

Substantial heterogeneity was observed across all previously dis-
cussed meta-analyses, with I? values ranging from 29 % to 100 %. In the
univariate meta-regression, the risk of ACS and acute cerebrovascular
events at 1-30 days following the onset of exacerbation was higher in
studies that enrolled COPD subjects after 2011, with a B coefficient of
1.24 (95 % CI: 0.45 to 2.04, p = 0.002) and 0.89 (95 % CI: 0.13to 1.64, p
= 0.021). Additionally, in studies with unconfirmed COPD diagnosis,
the risk of arrhythmia (= —1.59, 95 % CI: —2.72 to —0.48, p = 0.005) at
31-180 days after an acute exacerbation were significantly lower
compared to those where diagnosis was confirmed with spirometry.

Subgroup HR (95% CI) 12
Acute coronary syndrome i

1-30 days (a) I —— 3.74 (2.35t0 5.95) 99%

31-180 days (b) E —_— 1.38 (1.22t0 1.56) 87%
Acute cerebrovascular events !

1-30 days (a) : [=——C—= 2.46 (1.64 t0 3.68) 99%

31-180 days (c) | 1.29(1.17t01.42) 71%
Heart failure \

1-30 days (b) | 6.81 (1.80 to 25.82) 100%

31-180 days (c) : —— 1.76 (1.49t0 2.08) 98%

I

Arrhythmia I

1-30 days (d) i 3.93 (1.94 t0 7.95) 99%

31-180 days (b) I 1.38 (1.20t0 1.58) 90%
All-cause mortality :

1-30 days (e) : —— 9.26 (5.85 to 14.66) 100%

31-180 days (e) : - 2.05(1.85t02.27) 95%

| 1 | | | \
0.5 1 5 10 20 30

Lower risk Higher risk

Fig. 2. Results of meta-analyses for each CV events for timepoints 1-30 and 31-180 days after the onset of a moderate or severe COPD exacerbation.
Figure 2: data are reported as hazard ratio (HR) with 95 % of confidence of interval (95 % CI). The horizontal axis has a logarithmic scale. (a) = 14 studies; (b) = 10

studies; (¢) = 9 studies; (d) = 11 studies; (e) = 6 studies.
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Subgroup HR (95% Cl) 12
Acute coronary syndrome i
1-7 days (a) : —_— 9.59 (5.08 to 18.10) 99%
8-14 days (a) : = 2.91 (2.04 to 4.15) 87%
15-30 days (b) : —— 1.99 (1.55 to 2.55) 83%
31-180 days (b) : = 1.34 (1.14 to 1.57) 87%
181-365 days (b) HI—-—' 1.23 (0.93 to 1.62) 94%
> 365 days (a) : —e— 1.43 (1.09 to 1.88) 94%
Acute cerebrovascular events :
1-7 days (a) : [ 6.07 (2.70 to 13.63) 98%
8-14 days (a) : —— 2.21 (1.46 to 3.34) 82%
15-30 days (b) : —=— 1.67 (1.37 to 2.04) 53%
31-180 days (b) | - 1.26 (1.12to 1.42) 70%
181-365 days (b) :o—-—1 1.25 (1.04 to 1.50) 83%
> 365 days (c) '-:-—' 1.10 (0.93 to 1.31) 85%
Heart failure :
1-7 days (a) | 17.43 (4.49 10 67.63) 100%
8-14 days (a) ; ———— 448 (254107.90)  98%
15-30 days (b) : —e— 2.69 (2.12 to 3.41) 92%
31-180 days (b) : = 1.68 (1.46 to 1.94) 93%
181-365 days (b) : —— 1.33 (1.08 to 1.63) 94%
> 365 days (c) v:—-—‘ 1.45 (0.85 to 2.46) 99%
Arrhythmia :
1-7 days (a) : ——— = 7.79 (3.51 to 17.26) 99%
8-14 days (a) : 4.07 (1.72t0 9.64) 99%
15-30 days (b) : —e— 2.01 (1.64 to 2.45) 78%
31-180 days (b) : —— 1.36 (1.17 to 1.59) 82%
181-365 days (b) '—:—-—0 1.14 (0.82 to 1.59) 95%
> 365 days (c) 'Jl—-—' 1.36 (0.94 to 1.97) 98%
All-cause mortality :
1-7 days (a) : —a— 13.37 (10.17 to 17.57) 99%
8-14 days (a) : —— 6.18 (4.88 to 7.83) 97%
15-30 days (a) : . 4.32 (4.05 to 4.60) 66%
31-180 days (a) : H 2.16 (1.97 t0 2.38) 93%
181-365 days (a) : - 1.29 (1.14 to 1.46) 94%
> 365 days (d) L) 1.11 (1.05 to 1.17) 29%
0.[5 % é 110 2I0 55 1(IJO

Lower risk Higher risk

Fig. 3. Results of meta-analyses for each CV events for timepoints 1-7, 8-14, 15-30, 31-180, 181-365 and >365 days after the onset of a moderate or severe COPD

exacerbation.

Figure 3: data are reported as hazard ratio (HR) with 95 % of confidence of interval (95 % CI). The horizontal axis has a logarithmic scale; (a) = 5 studies; (b) = 6

studies; (c) = 4 studies; (d) = 3 studies.

Finally, the risk of arrhythmia at 1-30 days after the onset of acute
exacerbation increased for longer follow-up (p= 0.90, 95 % CI: 0.42 to
1.38, p = 0.0002). Results of univariate meta-regression are reported in
the e-Table 9.

Egger’s test did not detect any statistically significant small study
effects, except for ACS in the timepoint 31-180 days (p = 0.002). All
results of Egger’s test are displayed in the e-Table 10.

3.5. Risk of bias assessment

The two RCTs included in the meta-analysis was deemed at low risk
of bias. However, the observational studies exhibited “some concerns”.
Major source of bias were: 1) the post-intervention exposure, that could
indirectly affect the CV outcomes being studied; 2) the measurement of
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outcomes through the ICD-codes (e-Table 11A and e-Table 11B).
4. Discussion

This systematic review and meta-analysis provides comprehensive
evidence on both the short- and long-term risks of CV events following a
moderate or severe exacerbations of COPD in a cohort exceeding 1.5
million participants, examining the temporal trajectory of CV risk across
various time intervals. The findings indicate a significantly heightened
risk of ACS, HF, stroke, and arrhythmia, with the greatest risk observed
in the immediate period following a COPD exacerbation. Although this
elevated risk diminishes over time, it remains significantly higher for
ACS up to one year post-exacerbation. Notably, HF presented the highest
risk among all the CV outcomes evaluated. Sensitivity analyses
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confirmed the robustness of these results within the six months post-
exacerbation, with reduced robustness beyond 181 days. Furthermore,
univariate meta-regression identified key sources of heterogeneity, the
absence of confirmed COPD diagnoses with spirometry, the follow-up
duration, and the post-2011 enrollment period. A possible explanation
for the observed differences in heterogeneity between studies conducted
before and after 2011 is the greater number of studies conducted post-
2011. However, in the absence of individual patient data or a direct
comparison of study characteristics, this remains an hypothesis that
deserve further analyses.

To the best of our knowledge, this meta-analysis represents the first
and largest synthesis of observational studies to provide robust evidence
on the temporal trends in the risk of cardiopulmonary events following
an acute exacerbation of COPD. Our findings align with those of the
previous meta-analysis conducted by Mullerova and colleagues, which
demonstrated an increased risk of AMI and stroke during the 1-3 months
following an exacerbation [37]. Building upon Mullerova’s quantitative
analysis, our meta-analysis contributes updated insights by incorpo-
rating HF and arrhythmia into the analysis, extending the evaluation
period beyond one year. Moreover, we employed rigorous statistical
methodologies to address potential biases and to explore sources of
heterogeneity.

The syndemic framework, as recently proposed, reconceptualizes
COPD and CV diseases not merely as comorbidities but as interrelated
conditions that mutually exacerbate each other’s progression and out-
comes [4]. The evidence from this meta-analysis strongly supports the
syndemic model and consolidates the evidence that COPD exacerbation
are acute stressors that may precipitate or aggravate CV diseases.
Several mechanisms are thought to induce CV events in patients with
COPD: increased systemic inflammation, pulmonary dynamic hyperin-
flation, endothelial dysfunction, hypercoagulable state, sympathetic
activation, imbalance between oxygen supply and demand [8,38-40].
While the early risk associated with COPD exacerbations has a
well-established pathophysiological basis, the long-term risk—extend-
ing up to a year or more after the acute exacerbation—remains largely
unexplained. To date, no studies have addressed this significant issue
[41]. Given that CV causes contribute substantially to mortality in pa-
tients with COPD, this represents a critical area for future research [1,3,
6-8]. It can be hypothesized that, similar to respiratory function—which
progressively declines after each acute exacerbation—the cumulative
CV risk also tends to increase gradually. This risk reflects the sum of
various contributing factors that influence each patient differently,
leading to an overall elevated CV risk following each exacerbation [42].
Longitudinal assessments of CV risk determinants—such as systemic
inflammation, endothelial dysfunction, dynamic hyperinflation, and the
balance between cardiac oxygen demand and supply during and after
exacerbations—especially in individuals with concurrent HF, may pro-
vide valuable insights into this important aspect of COPD management.

The significant and persistent increase in all-cause mortality after
exacerbation observed in this meta-analysis provides a clear indication
that preventing and treating exacerbations may be an important goal in
reducing mortality in patients with COPD. Effective management of
cardiopulmonary risk necessitates the timely identification of COPD
patients and the prompt initiation of inhaled therapy. Evidence from
primary care settings demonstrates that COPD remains significantly
underdiagnosed and misdiagnosed [43-45]. Indeed, the majority of
COPD patients experience their first exacerbation or manifest symptoms
indicative of COPD prior to receiving a formal diagnosis, with many
remaining untreated [46,47]. Notably, a recent RCT has shown that
early detection of COPD through telephone-based surveys is both
feasible and effective [48]. Currently, the evidence regarding the po-
tential effects of inhaled therapy on cardiopulmonary risk reduction is
limited, primarily deriving from post-hoc analyses or secondary
outcome evaluations. A post-hoc analysis of the EUROSCOP trial
demonstrated a significant reduction in the incidence of ischemic car-
diac events among current smokers with mild COPD who were
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randomized to receive budesonide monotherapy, an inhaled cortico-
steroid (ICS), compared to placebo [49]. Furthermore, in a post-hoc
analysis of the TORCH trial, the lowest rate of cardiovascular events
was observed in the group receiving a combination of long-acting
muscarinic antagonist (LAMA) and long-acting beta2 agonist (LABA),
though this did not reach statistical significance when compared to the
rates in both the placebo and LABA monotherapy groups [50]. Similarly,
the SUMMIT trial reported no significant difference in the pre-specified
secondary composite outcome (CV death, myocardial infarction, un-
stable angina, stroke, or TIA) between the ICS/LABA combination
therapy group and the placebo group [51]. Recent trials investigating
ICS/LAMA/LABA combinations have yielded promising findings. The
IMPACT and ETHOS trials, two large one-year RCTs including COPD
patients at high risk of exacerbation (i.e., >2 moderate or >1 severe
exacerbation in the previous 12 months), provided the first evidence of a
reduction in all-cause mortality with ICS/LAMA/LABA compared to
LAMA/LABA, but not versus ICS/LABA [52,53]. Furthermore, a pooled
post-hoc analysis of the TRINITY, TRIBUTE, and TRILOGY trials, which
included patients with severe to very severe COPD at high risk of ex-
acerbations, suggested a trend towards reduced mortality in those
receiving ICS/LAMA/LABA compared to non-ICS-based treatment.
However, this observed reduction in mortality, assessed as a safety
outcome, did not reach statistical significance [54-57]. Furthermore,
other post-hoc analyses of IMPACT and ETHOS trial showed that
ICS/LAMA/LABA significantly reduced the risk of the composite car-
diopulmonary outcomes compared to LAMA/LABA [58,59].

As further highlighted in our meta-analysis, among the CV outcomes
examined, HF exacerbations demonstrate the strongest association with
COPD outcomes. Interestingly, recent post-hoc analyses of RCTs on
gliflozins or sodium-glucose cotransporter-2 (SGLT2) inhibitors, a novel
class of oral antidiabetic drugs shown to reduce HF hospitalizations and
exacerbations, have confirmed these findings within the subgroup of
patients with COPD [60-62]. Indeed, a retrospective cohort analysis
showed that diabetic patients with COPD had a significantly lower
incidence of acute exacerbations [63]. The cardioprotective effects of
SGLT2 inhibitors may therefore represent a promising new pharmaco-
logical frontier in reducing cardiopulmonary risk but RCTs are needed to
confirm these results.

Finally, the management of patients with COPD lies in the appro-
priate prevention of exacerbations, recognizing that not all patients are
candidates for triple therapy due to their eosinophil count [64], along-
side a comprehensive approach to CV risk management. This involves
the early identification of patients at high-risk of CV disease and the
implementation of targeted therapies for established CV disease (ACS,
HF, arrhythmias, stroke, venous thromboembolism (VTE), type 2 dia-
betes, peripheral artery disease, etc.). A comprehensive approach to CV
risk management in COPD patients is proposed and summarized in
Fig. 4.

Although a composite CV endpoint analysis was initially planned, we
opted to deviate from the protocol on the basis of the significant het-
erogeneity observed in the definition of the composite outcome itself.
For instance, some studies included "all-cause mortality" in addition to
AMI, HF, stroke, and arrhythmia, whereas others incorporated CV out-
comes not considered in our meta-analysis, such as pulmonary hyper-
tension, pulmonary embolism, and deep vein thrombosis [22,25-27,
29-31,34]. However, these results are consistent to those performed
considering CV events individually. It is worth noting that the same
studies also performed subanalyses based on the severity of exacerba-
tions and the number of exacerbations during the follow-up period.
Notably, a greater increase in composite CV risk was observed following
severe exacerbations compared to moderate exacerbations. Further-
more, these studies suggested a significant rise in the rate of CV com-
posite events after a second exacerbation compared to the first, with the
magnitude of this increase being comparable to that observed after a
third exacerbation [26,29-31,34].

This study has several limitations that warrant acknowledgment.



E. Pirera et al.

COPD PATIENTS
WITH ESTABLISHED

European Journal of Internal Medicine 135 (2025) 74-82

REVIEW

ADJUST <— ASSESS

TAILORED FOLLOW-UP |

CV DISEASE

COPD PATIENTS
AT RISK OF CV
DISEASE

GENERAL
POPULATION

Fig. 4. Comprehensive approach to CV risk management in COPD patients.
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Figure 4. Abbreviations: AECOPD: acute exacerbation of Chronic Obstructive Pulmonary Disease; COPD: Chronic Obstructive Pulmonary Disease; CV: Cardiovascular;
CVD Cardiovascular Disease; PAD: Peripheral Artery Disease; VTE: Venous Thromboembolism; T2DM: Type 2 Diabetes Mellitus.

First, our meta-analysis is predominantly based on observational
studies, which are inherently prone to confounding factors and biases.
Second, the reliance on ICD codes for both COPD diagnosis and CV
outcome identification introduced potential misclassification bias. The
potential overlap in symptoms between HF and COPD exacerbations
may partly explain why HF exhibited larger effect sizes and wider
confidence intervals compared to other CV outcomes in our analysis.
Additionally, and beyond HF, we cannot exclude the possibility that
other CV events (e.g., myocardial infarction or pulmonary embolism)
may have been the underlying cause of the COPD exacerbation rather
than its consequence [65]. Such misclassification, if it occurred, would
be most likely to affect the 1-7 or 1-30 days period, where the temporal
proximity between the COPD exacerbation and the CV event is greatest.
This may have inflated the pooled estimates during this critical time
frame, emphasizing the complexity of disentangling cause and effect in
the acute setting. Furthermore, while we recognize that the absence of
mandatory spirometry confirmation may have introduced a potential
misclassification bias, previous studies have demonstrated that the se-
lection of COPD patients through ICD codes achieved high accuracy
when compared against diagnoses adjudicated by respiratory physicians
[66,67]. Third, the time intervals reported across the included studies
were not uniformly defined, which could contribute to the misclassifi-
cation of risk periods and diminish the precision of the time-dependent
risk estimates. Furthermore, the use of different effect estimates across
the included studies may have introduced imprecision in the pooled
effect size. Another limitation of our study is the exclusion of VTE as a
CV outcome that it was not included among the pre-specified outcomes
of our research question which mainly focused on classical acute CV
events. However, we acknowledge the importance of VTE in this patient
population and recommend that future research address this critical
area to provide a more comprehensive understanding of vascular risks
associated with COPD exacerbations. Finally, the inclusion of both
ischemic and hemorrhagic strokes without consistent stratification
across studies is a potential source of bias, limiting the ability to perform
subtype-specific analyses.
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5. Conclusions

In conclusion, this meta-analysis reinforces the understanding of
COPD exacerbations as critical events that not only worsen the natural
history of COPD, but also significantly increase the risk of adverse CV
outcomes and all-cause mortality. The temporal trajectory of this risk,
particularly in relation to HF, highlights the need for sustained vigilance
and tailored interventions to mitigate CV risk in the COPD population,
not only in the immediate aftermath of an exacerbation, but also several
weeks and months after. Future research should focus on elucidating the
mechanisms driving this increased CV risk and determining the most
effective timing and intensity of interventions to optimise management
of acute exacerbations and minimise the risk of subsequent events.
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