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Abstract: Background/Objectives: A comprehensive and up-to-date review on cardiovascular
disease (CVD) risk in patients with COPD is needed. Therefore, we aimed to systematically review
the risk of a range of CVD in patients with COPD. Methods: We searched three databases (Pubmed,
Web of Science, SCOPUS) from inception to September 2023 using terms related to COPD and
CVD. Observational studies were included if they (1) were conducted in adults with a diagnosis
of COPD based on the GOLD criteria, spirometry, physician diagnosis, or review of electronic
health records; (2) reported the risk of CVD, namely of myocardial infarction (MI), ischaemic heart
disease (IHD), atrial fibrillation (AF), heart failure, cerebrovascular disease, pulmonary hypertension,
and peripheral vascular disease, compared with a control population using a measure of risk. A
narrative synthesis was used. Results: Twenty-four studies from 2015 to 2023, mainly from Europe
(n =17), were included. A total of 3,485,392 patients with COPD (43.5-76.0% male; 63.9-73.5 years)
and 31,480,333 (40.0-55.4% male, 49.3-70.0 years) controls were included. A higher risk of CVD
in patients with COPD was evident regarding overall CVD, MI, IHD, heart failure, and angina.
Higher risks of arrhythmia and AF, stroke, sudden cardiac death/arrest, pulmonary embolism,
pulmonary hypertension, and peripheral vascular disease were also found, although based on a small
amount of evidence. Conclusions: Patients with COPD have a higher risk of CVD than the general
population or matched controls. This review underscores the need for vigilant and close monitoring
of cardiovascular risk in individuals with COPD to inform more precise preventive strategies and
targeted interventions to enhance their overall management.

Keywords: chronic obstructive pulmonary disease; comorbidities; mortality; cardiovascular disease;
myocardial infarction; cardiopulmonary risk
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung disease charac-
terized by chronic respiratory symptoms due to abnormalities of the airways and/or alveoli
that cause persistent, often progressive, airflow obstruction [1]. Worldwide, 391.9 million
people aged 30-79 years have COPD [2]. In 2019, COPD accounted for 3.3 million deaths
and 74.4 million disability-adjusted life years (DALYs) [3]. COPD imposes a significant
economic and human burden on individuals, healthcare systems, and societies.

The presence of comorbidities often complicates the management of COPD and acute
exacerbations, influencing prognosis and requiring specific treatment [1]. The presence of
comorbidities is linked to reduced health-related quality of life and increased morbidity,
heightened susceptibility to hospital admissions, and an elevated risk of mortality [4].

Cardiovascular diseases (CVD) are one of the most important comorbidities of COPD [1,5],
yet the overlap between these conditions often goes unrecognized. Research efforts have been
made to unravel the key mechanisms behind the bidirectional link between COPD and CVD.
Both conditions are related to the same risk factors (e.g., smoking, ageing, and physical inactivity)
and to the pathophysiological mechanisms (e.g., arterial stiffness, inflammation, and endothelial
dysfunction) [1]. Chronic low-grade systemic inflammation is a potential link between the
two conditions. Triggers like air pollutants and cigarette smoking increase inflammatory
processes. Moreover, the paradoxical effects of cardiac hormones (e.g., brain natriuretic peptide-
BINP), released in response to altered myocardial wall stress, further contribute to the intricate
relationship between CVD and COPD [6]. Lung hyperinflation, hypoxaemia, pulmonary
hypertension, and shared genetics are other examples of the pathophysiological mechanisms
underlying the association between COPD and CVD [7].

The presence of CVD is associated with poor prognosis, mainly an increased risk of
exacerbations, hospitalizations, and mortality [1,5,8,9]. Routine cardiovascular assessments,
including medical history, physical examination, cardiovascular risk scoring, diagnostic
tests (e.g., echocardiogram, chest X-ray, BNP testing, etc.), have been indicated for the early
identification of signs of concomitant CVD in patients with COPD [9]. Over the past decade,
there have been several systematic reviews on the relation between COPD and CVD, with
high heterogeneity [10-15]. The main differences were related to population (stable and
exacerbated COPD) and CVD outcomes. The older studies covered an extensive range of
CVD outcomes [10,11] and the most recent have focused on specific outcomes (myocardial
infarction [12], coronary heart disease [13], stroke [14], and myocardial infarction, cardio-
vascular death, and stroke) [15]). In addition, some reviews set cut-offs for the sample size
(50, 100) [11,15] and limited the outcomes to specific risk measures (e.g., hazard ratio) [13]
as inclusion criteria. A comprehensive and up-to-date review of CVD risk in patients with
COPD is needed.

Therefore, we aimed to systematically review the risk of a range of CVD in patients
with COPD.

2. Materials and Methods
2.1. Study Design
This systematic review was reported according to the preferred reporting in systematic

reviews and meta-analysis (PRISMA) guidelines [16]. We have registered the review with
PROSPERO (registration number: CRD42023491294).

2.2. Search Strategy

We searched three databases (Pubmed, Web of Science, SCOPUS) from inception to
September 2023. The search strategy included terms related to COPD and CVD. All studies
were uploaded into EndNote to remove duplicates.

2.3. Eligibility Criteria
Observational studies were included if they met the following criteria: (1) conducted
in adults with a diagnosis of COPD based on the GOLD criteria, spirometry, physician
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diagnosis, or review of electronic health records (diagnosis codes, medications prescribed,
healthcare use); (2) reported the risk of CVD compared with a control population (non-
COPD population, matched control, general population). Risk had to be reported as a
measure of risk (e.g., hazard ratio, rate ratio, risk ratio, odds ratio, incidence rate ratio).
The CVD outcomes considered were mortality, hospitalization or morbidity related to
myocardial infarction (MI); ischaemic heart disease (IHD); atrial fibrillation (AF); heart
failure; cerebrovascular disease; pulmonary hypertension; and peripheral vascular disease.
These outcomes were considered as defined in the original studies, but had to be identified
through physician diagnosis, clinical measurements, or review of electronic medical records
(diagnosis codes, medications prescribed, health care use). We excluded studies that were
based on a self-reported diagnosis of COPD or CVD, included an intervention, and used
animals. Reviews, non-research letters, abstracts, case reports, conference proceedings,
theses, and books were also excluded.

2.4. Screening, Selection Process, and Data Extraction

Studies were uploaded to Rayyan software (https://www.rayyan.ai/) for title and
abstract independent screening by two reviewers (C.J. and LE.). Any disagreement was
resolved by discussion with a third author (A.S.-S.). Full-text articles were then read
independently by two authors (C.J. and A.S.-S.) to identify studies that met the inclusion
criteria. The two reviewers used a standardized form to independently extract data from
each article, including the author’s surname and year of publication, country, study design
and setting, diagnostic criteria, population, and CVD risk.

2.5. Data Synthesis

Narrative synthesis was used to report the results. This was considered the most
appropriate approach given the heterogeneity of data between the included studies. The
findings were initially drafted by one researcher (C.J.) and then reviewed by a second
researcher (A.S.-S.).

3. Results
3.1. Study Selection

The database search yielded 7173 studies. After removing duplicate results, 4289 articles
were screened for relevant content. During title and abstract screening, 4213 articles were
excluded. Finally, 76 articles were full-text screened and 56 were excluded. Four additional
articles were included through screening of previous reviews. In total, 24 studies were
selected for qualitative analysis (Figure 1).

L Identification of studies via databases and registers J ‘ Identification of studies via other methods J

)

Records identified from: Records removed before
Pubmed (1 = 218) screening Records identified from:
Web of Science (11 = 4096) Duplicate records removed Citation searching (n = 5)
Scopus (n = 2859) (n=2884)

Identification

(

Records screened Records excluded
(n=4289) (n=4213)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=76) (n= (n=5) (n=0)
H
§
e
: I l
)

Reports assessed for eligibility Reports excluded Reports assessed for eligibilt
(n=16) —>| Self-reported COPDICVD (1= Phvary ey
24) Reports excluded

No CVD reported (n = 11) _
No CVD risk measure (1= 9) Seffreported CVD (= 1)
Population not COPD (1= 6)
No control population(n = 6)

Studies included in review
(n=24)

[ Included ] [

Figure 1. PRISMA flowchart.
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3.2. Characteristics of Included Studies

A summary of the included studies is shown in Table 1. The studies are from 2015
to 2023, mainly from Europe (n = 17), with the UK being the most represented country
(n = 5). The remaining studies were conducted in North America (n =5 Canada, n =1
USA) and Asia (n = 1 Korea). A total of 19 studies were cohorts (15 retrospective and of
those 8 case-control) and 5 were cross-sectional (1 case-control). The sample size of the
studies ranged from 775 to 7,419,791. A total of 3,485,392 patients with COPD (43.5 to 76%
male) and 31,480,333 (40 to 55.4% male) controls were included in the studies. Two studies
did not report the number of controls included [17,18]. The mean age of the participants
ranged from 63.9 to 73.5 years in the COPD population and from 49.3 to 70.0 in the control
population. Two studies did not report the mean age of participants (buts instead median
age or relative frequencies of age groups [18-24]) and two did not report age [17,25].

Table 1. Characteristics and results of included studies.

A;‘S;:r' Country ?’(::ir:g, Diagnostic Criteria ~ COPD Control Cardiovascular Risk
Mortality-RR (95%CI) adjusted for age,
gender, and year
CVD 1.95 (1.83-2.07)
COPD MI 1.63 (1.41-1.86)
>55y IHD 1.91 (1.74-2.09)
Health >3 prescriptions of 5648 NS HF 2.83 (2.32-3.33)
Huiart Retrospective insurance COPD medications 53.9% (general Cerebrovascular disease 1.60 (1.36-1.85)
etal., Canada p Saskatchewan male g 1
2005 [17] databases, CVD 73.5 P (t)'p e Hospitalization-RR (95%CI) adjusted
1990-1997 Death and 9.6)y fon) for age, gender, and year
Hospitalizations CVD 1.89 (1.83-1.94)
(ICD-9 codes) MI 1.30 (1.15-1.44)
IHD 1.47 (1.38-1.56)
HF 3.07 (2.91-3.23)
Cerebrovascular disease 1.27 (1.16-1.38)
Mortality—-RR (95%CI) adjusted for age,
gender, HTA, hyperlipidemia, and
diabetes
AllCVD 1.84 (1.70-1.98)
MI 1.81 (1.54-2.12)
C>C4)5D HF 3.53 (2.38-5.25)
Hospiahzyaﬁon / Stroke 1.25 (1.03-1.51)
. .. Pulmonary embolism 1.89 (0.93-3.85)
Kaiser Opnent vt Other CVD 1.96 (1.77-2.16)
Permanente (ULt ABER S 45966 45,966
Sidney Retrospective ~ Medical Care ~2 prescriptions 55.4% 55.4% Hospitalizations—RR (95%CI) adjusted
etal, USA case-control Program of = E)r COIED male male for age, gender, HTA, hyperlipidemia,
2005 [26] cohort study Northern medications 64.4 64.4 and diabetes
California, (12.2)y (122)y Any CVD 1.95 (1.88-2.03)
1996-1999 VD MI 1.89 (1.71-2.09)
Death and VT/VE/cardiac arrest 2.80 (1.87, 4.20)
Hospitalizations Atrial fibrillation 1.98 (1.73-2.25)
(ICD% /10 codes) Other arrhythmia 1.71 (1.43-2.03)
Angina 1.98 (1.73-2.27)
HF 3.75 (3.39-4.15)

Stroke 1.33 (1.21-1.47)
Pulmonary embolism 2.72 (2.00-3.68)
Other CVD 1.85 (1.73-1.97)
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Table 1. Cont.

Cardiovascular Risk

A;{l:l;)r' Country Design ?’(:::ir:g, Diagnostic Criteria COPD Control
Mortality-RR (95%CI) adjusted for age
and sex
Any CV 2.07 (1.82-2.36)
MI 1.51 (1.14-2.01)
Arrhythmia 2.81 (1.59-4.98)
HF 4.09 (2.64-6.33)
Stroke 1.24 (0.90-1.71)
Pulmonary embolism 2.23 (0.60-8.23)
(;2(1;]}:,) Hospitalizations-RR (95%CI) adjusted
— 7, for age, sex, history of CV events,
22 prescriptions of diabetes, HTA, and
COPD medications h h 1’ t ’1 .
Physician 11,493 22,986 AK;J v 1‘:'75(?(;)0‘?;n sls;)
Curkendall R _ Saskatchewan  claims/hospital 54% 54% MI 1.49 (0.71-3.13)
etrospective Health data with diagnosis )
etal, Canada hort Datab £ COPD-ICD-9 male male Arrhythmia 1.67 (1.27-2.22)
2006 [19] coho 193; ;(‘)Soel' ° d 83% > 80% > Angina 2.08 (1.52-2.86)
- codes 65y 65y HF 3.45 (2.78-4.17)
VD Stroke 1.23 (0.68-2.22)
Inpatient/outpatient Pulmonary embolism 4.76 (0.79-25.00)
diagnoses Morbidity-OR (95%C]I) adjusted for
(ICD-9/-10 codes) age, sex, hti};tory of CV event]s, diabetes,
HTA, and hypercholesterolemia
MI 1.83 (1.64-2.05)
Arrhythmia 2.09 (1.96-2.23)
Angina 1.86 (1.72-2.01)
HF 5.21 (4.86-5.58)
Stroke 1.24 (1.15-1.34)
Pulmonary embolism 5.47 (4.25-7.03)
Other CVD 2.09 (1.99-2.20)
COPD
>35y HR (95%CI) adjusted for sex and
Feary Health Im- Primary care EMR 198,%/2 1’;{23/30 smoking status
otal UK Cross- provement -disease codes m.ale m.ale MI: >75y 1.34 (1.03-1.73) to 3544 y
2010 [i’()] sectional Network, 70.7% > 27.8% > 10.34 (3.28-32.6)
2005-2007 CVD '65 = '65 = Stroke: >75y1.10 (0.98-1.23) to 3544 y
Primary care EMR y y 3.4 (0.85-13.84)
-disease codes
OR (95%CI)
Adjusted for smoking status, BMI,
HTA, hyperlipidemia, diabetes, and
NSAID use
MI 1.40 (1.13-1.73)
Adjusted for smoking status, HTA,
COPD beta agonist use, xanthine use,
40-79y quinolone use, macrolide use, vitamin
Retrospective General Primary care EMR 35,772 35,772 K antagonist use and use of beta
Schneider h I:; d Practice -di Y d 51.3% 51.3% blockers, calcium channel blockers,
etal, UK <0 O(; an Research 1sease codes male male diuretics, cardiac glycosides, and
2010 [27] neste tcalse— Database, VD 73.4% > 73.4% > coronary dilatators
contro 19952005 Lo ol VR 60y 60y Arrhythmia 1.19 (0.98-1.43)
Y Adjusted for smoking status, BMI,
HTA, aspirin use, and diabetes

-disease codes

Stroke 1.13 (0.92-1.38)
Adjusted for smoking status, BMI,
HTA, and non-steroidal
anti-inflammatory drugs use
Pulmonary embolism 2.51 (1.62-3.87)
Deep vein thrombosis 1.35 (0.97-1.89)
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A;{lthor' Country Design Sou.r <& Diagnostic Criteria COPD Control Cardiovascular Risk
ear Period
MI-RR (95%CI) adjusted for age and
sex
Oxfo(rfl\lj[]z il Mortality (Ist year) 1.45 (0.79-2.66)
General . Event 1.18 (0.81-1.71)
. . . Information
Rodriguez Retrospective Practice System (OXMIS)
etal, UK cohort and Research a}; d Read codes 1927 16,546 HEF-RR (95%CI) adjusted for age and
2010 [25] case-control Database, sex
1996-2001 VD Mortality (30-days diagnosis) 2.48
Diagnosis code (1.36-4.54)
h Hospitalization 2.81 (1.94—4.07)
Diagnosis 2.94 (2.46-3.51)
Danish
Patient COPD 313,958 7,105,833
S Registry and ICD-8/-10 codes 55% 50% HR (95%CI) adjusted for age, sex,
ode . : . .
etal, Denmark Retrospective Danish male male descent, geographical re§1dency, and
2011 [29] cohort Causes of CVD M 55 M 26 level of education
Death ICD-8/-10 codes (IQR (IQR MI 1.26 (1.25-1.27)
Registry, 46-66)y  1.2-42)y
1980-2006
OR (95%ClI) adjusted for age and sex
MI 1.80 (1.7-1.8)
Other forms of IHD 2.10 (2.2.2)
IHD, unspecified 2.10 (2-2.2)
Atherosclerotic heart disease 1.70
(1.6-1.7)
AF/flutter 1.90 (1.9-2)
Persistent AF 1.70 (1.7-1.8)
Inpatient COPD 1609317 HF 3.20 (3.1-3.3)
database of >40y ! 65‘;/0 Left ventricular failure 2.50 (2.5-2.6)
Baty Retrospective the Swiss ICD-10 male HEF, unspecified 2.70 (2.6-2.8)
etal.,, Switzerland ) P trol Federal M 73 2,989,359 Primary pulmonary hypertension 5.80
2013 [29] case-contro Office for CVD OR (5.5-6.1)
Statistics, ICD-10 6 4(_30) Other secondary pulmonary
2002-2010 y hypertension 5.60 (5-6.3)
Other pulmonary heart diseases 8.90
(8.1-9.8)
Pulmonary heart disease, unspecified 16
(14-17)
Peripheral vascular disease 2.80 (2.7-2.9)
Atherosclerosis of arteries of extremities
2.20 (2.2-2.3)
Venous insufficiency 2.10 (2-2.2)
Health Eg)f }1? 25081 625467 Adi““g‘i{f("gf:;?:“d sex
Cazzola Cross- Search ICD-9 codes 72.5% > 32.1% > MI. 2.91 (95% CI 2'74_?"09)
etal, Italy sectional Database 65 65 Angina and coronary disease,
2012 [21] 2009 ! VD y y arrhythmia, HF, Cerebrovascular,
ICD-9 codes pulmonary embolism, other heart
disease-significant OR > 2
COPD
Family Expanded 3183 RR(95%CI) adjusted for age and sex
Garcia- practice Diagnosis 76% 198,670 IHD 1.41 (1.11-1.71)
Olmos Spai Cross- databases of Clusters (EDCs) 1 47.65% HF 2.41 (1.88-2.93)
etal., paim sectional Madrid codes 1711a4§ male Arrhythmia 1.25 (1.05-1.44)
2013 [30] Autonomous 11 ‘5) Cardiac valve disease 1.25 (0.73-1.77)
Region, 2007 CVD =)y Cerebrovascular disease 1.16 (0.89-1.42)
EDCs codes
Prescribed
Drug, COPD
Patient, *10p.8/9/10 codes
Cause of 51,348 6,743,342 HR (95%CI) adjusted for age, gender,
Yin et al., S Retrospective Death, 44.33% 48.72% education, income, and drugs
weden CVD . -
2014 [31] cohort Income, ICD-8/9/10 codes male male prescription
Educational, 71.05y 4925y MI 1.47 (1.41-1.55)
and
Emigration

Registers
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A;{lthor' Country Design Sou.r <& Diagnostic Criteria COPD Control Cardiovascular Risk
ear Period
COPD
>35y
Physician
Five Ontario diagnosis 909,948 6,331,643 . .
Gershon P . health ad- >1 hogs—gitaliza- 49.6% 47.8% RR adj u§ted for age, sex, income,
rospective .. . ; rurality, asthma, and other
etal., Canada hort ministrative tion/ambulatory male male morbiditi
2015 [32] coho databases, visit (ICD-9/10 64.3 53.4 VD ;I° 0 1‘. €S -
1991-2008 code) (138)y  (133)y ospitalizations 1.
CVD
ICD-9/10 code
COPD
FEV1/FVC < 70%
(or by a physician
based on the
combination of
Lahousse . Rotterdam clinical l.ustory, 1615 11’%56 HR (95%CI) adjusted for age, sex, and
Prospective study physical 56% 40%
ZOitSal%’S Netherlands cohort database, examination, and male male Sudd d'pacé(-y;a;s% 1.44-2.59
(3] 1990-2011 spirometry) 70(13)y  63(15)y udden cardiac death 1.93 (1.44-2.59)
CVD
Based on EMR
Confirmed by a
cardiologist
I\IT-?;OI?}? ! COPD Mortality-HR(95%CI) adjusted for age,
Insurance Prescription > 1 of 11,755 11,755 sex, HTA, diabetes, dyslipidemia,
Song Retrospective Service— COPD medication 47.4% 47.5% chronic kidney disease, end stage renal
etal., Korea cohort and National ICD-10 codes male male disease, previous MI, HE, current
2017 [34] case-control Sample 64.1 63.9 smoker, and stroke/TIA
Cohgrt, CVD (12.8)y (13.3)y Sudden cardiac 0.96 (0.68-1.38)
2002-2013 ICD-10 codes CVD 1.02 (0.80-1.30)
Mortality-HR(95%CI)
IHD 1.25 (1.16-1.35)
HF 1.04 (0.97-1.13)
Stroke 1.02 (0.89-1.18)
COPD
>40y 17,479 84,514 Comorbidity—-RR(95%CI)
Stéllberg Retrospective ~ Primary care ICD-10 43.5% 43.5% MI 2.25 (2.15-2.35)
etal., Sweden cohort and EMR, male male THD 2.36 (2.28-2.45)
2018 [35] case-control 2000-2014 CVD 65 65 Angina 2.01 (1.94-2.09)
ICD-10 (1190)y  (11.90)y HF 3.27 (3.17-3.37)
Stroke—Cerebral infarction 1.71
(1.62-1.80)
Stroke—Cerebral infarction 1.69
(1.53-1.87)
Pulmonary embolism 2.39 (2.19-2.61)
Comorbidity—-HR (95%ClI) adjusted for
sex and GP practice
MI: >85y 1.30 (1.12-1.52) to 35-54 y 3.15
(2.64-3.76)
COPD Sudden cardiac arrest: >85y 1.87
Primary care CPRD validated (1.20-2.93) to 35-54 y 4.06 (2.51-6.55)
EMR algorithm (COPD 209,909 Angina: >85y 1.27 (1.06-1.53) to 35-54 y
Morgan Retrospective (Clinical specific read code, 53% 3.81 (3.35-4.34)
otal. UK cohort and Practice >1 prescription of male NS AF: >85y 1.31 (1.17-1.47) to 35-54 y 3.94
2018 [118] case-control Research COPD medication 52.4% > (CPRD) (3.22-4.81)
Datalink- and spirometry) 65y HF: >85y 1.51 (1.32-1.72) to 35-54 y 6.80
CPRD), (5.60-8.25)
2004-2015 CVD Peripheral artery disease: >85y 1.42
Read codes (1.16-1.73) to 35-54 y 7.70 (6.33-9.37)

Stroke: >85 y 0.96 (0.82-1.12) to 35-54 y
3.81(3.14-4.62)
Pulmonary hypertension: >85y 3.70
(2.20-6.23) to 35-54 y 27.70 (15.33-50.06)
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Table 1. Cont.

Author, Country Design Sou.r <& Diagnostic Criteria COPD Control Cardiovascular Risk
Year Period
Mortality-HR (95%CI) adjusted for
age, sex, ethnic group, other CVD,
National cardiac procedures, and common
Health causes of death
Service Local THD 1.029 (1.009-1.050)
Health AF 1.080 (1.057-1.103)
Authority HF 1.645 (1.608-1.684)
computerized COPD Cerebrovascular 1.843 (1.796-1.891)
hospital ICD-10 codes 31,646 158230 Peripheral vascular disease 1.320
Carter Retrospective activity OPCS-4 codes 51% 51’0 ” (1.271-1.371)
etal., UK cohort and analysis male " lo
2019 [36] case-control register, CVD 70.3 70 (1a26; Morbidity—OR (95%) adjusted for age,
2000-2013 ICD-10 codes (12)y y sex, ethnic group, other CVD, cardiac
OPCS-4 codes procedures, and common causes of
National death
Health THD 1.742 (1.688-1.797)
Tracing AF 1.391 (1.339-1.444)
Services, HF 2.167 (2.081-2.255)
2013 Cerebrovascular 0.973 (0.921-1.027)
Peripheral vascular disease 1.849
(1.737-1.969)
7968
56%
male Hospitalizations-HR (95%CI) adjusted
Copenhagen . .
for age, sex, smoking, CVD famil
General GOLD & & y
. COPD history, physical activity, BMI, HTA,
Population 1-2 .
>40y diabetes, and total and HDL
Ingebrigt Study, FEV,/FVC <070  ~47 3059 holesterol
ngebrigtsen . 1 <0. o o cholestero
Prospective 2003-2014 56% 40%
etal., Denmark cohort >10 pack-years male male IHD
2020 [37] Danish 66 (11) 59 (11) GOLD 1-2 1.34 (1.20-1.49)
anis CVD y y GOLD 3-4 1.80 (1.42-2.27)
Patient GOLD
Registr ICD-8/10 codes 34 HF
197§_20ﬁ 501 GOLD 1-2 1.91 (1.63-2.26)
599 GOLD 3-4 2.94 (2.22-3.88)
male
709)y
COPD
Canadian >40y
Primary CPCSSN definition 4629 128,342 RR (95%CI) adjusted for age, sex,
Cave Retr " Care Sentinel (based on ICD-9 48% 42.1% smoking status, and urban/rural postal
etal.,, Canada € c(())SIE)erCt V€ Surveillance and ATC male male code
2021 [38] Network medication codes) 62.8 55.8 IHD 1.44 (1.35-1.55)
(CPCSSN), (11.2)y (109)y HF 2.64 (2.40-2.90)
2013-2017 CVD
ICD-9 codes
Yol com
40-79y OR (95%CI) adjusted for sex, age, and
Insurance R 316,463 .
Jureviciene Fund Spirometry 4834 40.9% place of residence
etal Lithuania Cross- database COPD medication 69.1% rn.ale CVD 1.83 (1.69-1.97)
2022 [%’9] sectional (primary and ICD-10 codes male 63.6 IHD 2.32 (2.14-2.50)
: psecoi 3’&"’; 67264 1) Arrhythmia 1.47 (1.38-1.55)
o) y CVD : HF 2.61 (2.46-2.78)
2012-2014 ICD-10 codes
COPD
Prescription for
COPD medication
Primary care Spirometry
Groenewegen data-Julius Participation in a 560253/ 1297 ’258 RR (95%ClI) adjusted for age and sex
& Retrospective General COPD e 20 IHD 1.69 (1.49-1.92)
etal.,, Netherlands ", , male male
cohort Practitioners management AF 1.56 (1.38-1.77)
2022 [40] 64.1 55.3
Network, program 9.3) (10.6) HF 2.96 (2.58-3.40)
2014-2019 ICPC-codes >y oy
CVD

ICPC-codes
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Table 1. Cont.

Source,

Author, . . . . . .
Year Country Design Period Diagnostic Criteria COPD Control Cardiovascular Risk
COPD
Spirometry
Physician
confirmation
. CVD 347 428 OR (95%CI) adjusted for age, body
MicroCOPD, . iee .
Svendsen Cross- Coronary stenosis 54.2% 54.7% composition, pack-years, C-reactive
. 2012-2015 X . L
etal., Norway sectional, GeneCOPD assessed by male male protein, statin use, ACE inhibitors or
2022 [22] case-control 2003-2004 ’ coronary computed 435 > 23.4 > ARB use, and diabetes
tomography 70y 70y Coronary stenosis 1.80 (0.86-3.78)
angiography
Lumen reduction >
50%
Specialist
confirmation
151
CorD 71.5% 5923 Mortality-HR (95%CI) adjusted for ex,
. Health FEV1/FVC <0.7 male 45.8% . .
Mattila P . L age, smoking, education level, BMI,
. rospective examination 63.9 male . . . . .
etal., Finland leisure time physical activity, CVD,
cohort survey, CVD (range 21.5 > .
2023 [24] 2000-2001 ICD-10 codes 35-89) 65 diabetes, and HTA
o)y y CVD 1.53 (1.08-2.16)
49% >
65y
Health ad- C>C4)(I))D
ministrative =5y Mortality-RR (95%CI) adjusted for age
1 COPD
data, EMR, hospitalization and sex
Immigration, and /(l; 3 physician CVD 243 (2.35-2.49)
Refugees 1 ilfn Y IHT 2.68 (2.59-2.77)
and camms 152,125  5626,59 Stroke 1.79 (1.67-1.91)
i . ICD-10 codes o o
Maclagan Citizenship Ontario Health 48.1% 47.2%
5 Retrospective Canada male male Comorbidities-RR (95%CI) adjusted
etal., Canada Insurance Plan o o
2023 [23] cohort Permanent codes 72.9% > 33% > for age and sex
; Resident 60y 60y MACE 1.98 (1.96-2.01)
Database, VD MI 1.88 (1.81-1.96)
Canadian HF 2.82 (2.70-2.91)
. ICD-9/10 codes
Community Ontario Health AF 1.79 (1.75-1.83)
Health Insurance Plan Unstable angina 2.05 (1.94-2.18)
Survey, Sucf) dc:s a Stroke 1.71 (1.65-1.78)
2008-2016

Abbreviations: AF, atrial fibrillation; BMI, body mass index; EMR, electronic medical records; GP, general practice;
HF, heart failure; HTA, arterial hypertension; ICD, International Classification of Disease; ICPC, International
Classification of Primary Care; IHD, ischemic heart disease; IQR, interquartile range; M, median; MACE, major
adverse cardiovascular events; MI, myocardial infarction; NS, not specified; OPCS-4, Office of Population Censuses
and Surveys Classification of Interventions and Procedures; RR, rate ratio/relative risk; TIA, transient ischemic
accident; VE ventricular fibrillation; VT, ventricular tachycardia.

All the included studies used data from either routine clinical, administrative, or
research databases. COPD was defined in 18 studies using diagnostic codes (ICD-8/-9-
10 in 13 studies), either alone or in combination with other criteria [23,36,38,39]. Other
criteria required that patients with COPD were of a certain age (>35y, >40y, >55y, or
40-79y [17,19-21,26,29,32,35,37,38]), had been prescribed COPD medication [17,19,26,34,39,
40], had spirometry data [22,24,33,37,39,40], had >10 pack-years [37], and had participated
in a COPD management program [40]. Most studies defined cardiovascular diseases using
diagnostic codes (n = 22), with only two studies relying on specialist confirmation [22,33].

A summary of the risks of the different CVDs, either related to mortality or presence
of comorbidity are presented in Tables 2 and 3, respectively, and described below.
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Table 2. Measures of mortality risk in patients with COPD.

Sudden

Author, CVD MI IHD HF Arrthythmia/AF  Cardiac Stroke Pulmonary PVD
Year Embolism
Death
Huiart et al., RR 1.95 RR 1.63 RR 1.91 RR 2.83 RR 1.60
2005 [17] (1.83-2.07) (1.41-1.86) (1.74-2.09) (2.32-3.33) (1.36-1.85)
AllRR 1.84
Sidney et al., (3)5}?;113182) RR 1.81 RR 3.53 RR 1.25 RR 1.89
2005 [26] 106 (1.54-2.12) (2.38-5.25) (1.03-1.51) (0.93-3.85)
(1.77-2.16)
E:‘;lferz‘ggél Any RR 2.07 RR 1.51 RR 4.09 RR 2.81 RR 1.24 RR 223
ol (1.82-2.36) (1.14-2.01) (2.64-6.33) (1.59-4.98) (0.90-1.71) (0.60-8.23)
1;"3%3% RR 1.45 RR 2.48
J (0.79-2.66) (1.36—4.54)
[25]
Lahousse
etal., 2015 (1132_12'9539)
[33] Ae
Song et al., HR 1.02 HR 0.96
2017 [34] (0.80-1.30) (0.68-1.38)
eft:lnbz‘gfg HR 125 HR 1.04 HR 1.02
(] (1.16-1.35) (0.97-1.13) (0.89-1.18)
HR
Carter et al., 1.029(1.009— HR 1.645 HR 1.080 HR 1.843 HR 1.320
2019 [36] 1050) (1.608-1.684)  (1.057-1.103) (1.796-1.891) (1.271-1.371)
Mattila et al., HR 1.53
2023 [24] (1.08-2.16)
é\f:flaz%azr; RR 2.43 RR 2.68(2.59— RR 1.79
” (2.35-2.49) 2.77) (1.67-1.91)
[23]
Abbreviations: AF, atrial fibrillation; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD,
ischemic heart disease; MI, myocardial infarction; PVD, peripheral vascular disease; RR, rate ratio/relative risk.
Table 3. Measures of comorbidities risk in patients with COPD.
Author Sudden Pulmonary Pulmonary Peripheral
Y ! CVD MI IHD HF Arrhythmia  AF Cardiac Angina Stroke Em- Hyper- Vascular
ear . . .
Arrest bolism tension Disease
Huiart RR 1.89 RR 1.30 RR 1.47 RR 3.07 RR 1.27
etal, (1.83- (1.15- (0.38- (2.91- (1.16-
2005 [17] 1.94) 1.44) 1.56) 3.23) 1.38)
Any RR
1.95
Sidney (21 08;_ RR 1.89 RR 3.75 RR1.71 RR 1.98 RR 1.98 RR 1.33 RR 2.72
etal, Ot (1.71- (3.39- (1.43- (1.73- (1.73- (1.21- (2.00-
20051261 prgs 2.09) 4.15) 2.03) 2.25) 2.27) 1.47) 3.68)
(1.73-
1.97)
Any RR
217 RR149 RR345  RR167 R(If 2% RR13  RR476
(2.00- (0.71- (2.78- (1.27- ; (0.68- (0.79-
Cl;l;‘i“da“ 2.33) 3.13) 4.17) 2.22) o%isl(% . 2.22) 25.00)
2006 [1,9] Other OR 1.83 OR5.21 OR 2.09 a 727 OR 1.24 OR 5.47
OR 2.09 (1.64- (4.86- (1.96- 20 (1.15- (4.25-
(1.99- 2.05) 5.58) 2.23) : 1.34) 7.03)
2.20)
>75y >75y
HR 1.34 HR 1.10
Fear (1.03- (0.98-
ot aly 1.73) 1.23)
s 3544y 3544y
2010 [20] HR 10.34 HR 3.44
(3.28- (0.85-
32.6) 13.84)
SCht“;ider OR 1.40 OR 1.19 OR1.13  OR251
eta., (1.13- (0.98- (0.92- (1.62—

2010 [27] 1.73) 1.43) 1.38) 3.87)
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Table 3. Cont.

Auth Sudden Pulmonary Pulmonary Peripheral
voon cvD MI IHD HF Arthythmia  AF Cardiac  Angina  Stroke Em- Hyper-  Vascular
Year . . .

Arrest bolism tension Disease
RR 2.81
Rodriguez RR1.18 (1.94-
4.07)
etal., (0.81- RR 2.94
2010 [25] 1.71) .46
3.51)
Sode HR 1.26
etal., (1.25-
2011 [28] 1.27)
5 OR320 OR190 812 _56‘810)
ot ;15’ OR180 OR210  (3.1-3.3) (1.9-2) OR5e0  OR280
2013 [39] (1.7-1.8) (2-2.2) OR 2.70 OR 1.70 563 (2729
(2.6-2.8) (1.7-1.8) -

Cazzola OR 291

etal., (2.74-
2012 [21] 3.09)

gffg;as RR141  RR241  RR125 RR1.16

o (1.11- (1.88- (1.05- (0.89-
2013 [30] 1.71) 2.93) 1.44) 1.42)
Yin et al., 25{411%7
2014 [31] 155)

Gershon
etal., RR 1.94

2015 [32]
RR1.71

Stéllberg RR 2.25 RR 2.36 RR 3.27 RR 2.01 (11865)_ RR 2.39
etal, (2.15- (2.28- (3.17- (194- LR (2.19-

2018 [35] 2.35) 2.45) 3.37) 2.09) (150 2.61)
1.87)
>85y >85y >85y >85y >85y >85y >85y >85y
HR 1.30 HR 1.51 HR 1.31 HR 1.87 HR 1.27 HR 0.96 HR 3.70 HR 1.42

M (L12- (1.32- (1.17- (1.20- (1.06- (0.82— (2.20- (1.16-
organ
etal 1.52) 1.72) 1.47) 2.93) 1.53) 1.12) 6.23) 1.73)

2018 [.l,S] 35-54y 35-54y 35-54y 35-54y 35-54y 35-54y 35-54y 35-54y
HR3.15 HR 6.80 HR 3.94 HR 4.06 HR 3.81 HR 3.81 HR 27.70 HR7.70
(2.64- (5.60— (3.22- (2.51- (3.35- (3.14- (15.33- (6.33-
3.76) 8.25) 4.81) 6.55) 4.34) 4.62) 50.06) 9.37)
Carter OR 1.742 OR 2.167 OR 1.391 OR 0.973 OR 1.849
etal, (1.688- (2.081- (1.339— (0.921- (1.737-
2019 [36] 1.797) 2.255) 1.444) 1.027) 1.969)
GOLD GOLD
1-2 HR 1-2 HR
1.34 191
i (1.20- (1.63—
mgtegf‘gtse“ 1.49) 2.26)
i GOLD GOLD
2020[37] 34HR  34HR
1.80 294
(1.42— (2.22-
2.27) 3.88)

Cave RR 1.44 RR 2.64

etal, (1.35- (2.40-

2021 [38] 1.55) 2.90)

Jureviciene OR 1.83 OR 2.32 OR 2.61 OR 147

etal, (1.69- (2.14- (2.46- (1.38-

2022 [39] 1.97) 2.50) 2.78) 1.55)

Groenewegen RR 1.69 RR 2.96 RR 1.56

etal, (1.49- (2.58— (1.38-

2022 [40] 1.92) 3.40) 1.77)

Maclagan RR 1.88 RR 2.82 RR 1.79 RR 2.05 RR1.71

etal, (1.81- (2.70- (1.75- (1.94- (1.65-

2023 [23] 1.96) 2.91) 1.83) 2.18) 1.78)

Abbreviations: AF, atrial fibrillation; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD,
ischemic heart disease; MI, myocardial infarction; OR, odds ratio; RR, rate ratio/relative risk.
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3.3. CVD

Six studies analyzed the risk of CVD mortality, and five found a higher risk in patients
with COPD compared to the general population (HR 1.53 [24]; RR 1.84-2.43 [17,19,23,26]).
The same pattern was observed when analyzing the risk (RR 1.89-2.17 [17,19,26,32]) and
the odds (OR 1.83-2.09 [19,39]) of having CVD.

3.4. MI

Four out of five studies found a higher risk of MI mortality in patients with COPD
compared to patients without COPD (HR 1.25 [35]; RR 1.51-1.63 [17,19,25,26]). Eight
studies analyzed the risk of MI and six found similar risks (HR 1.26 and 1.47 [28,31];
RR 1.18-2.25 [17,23,26,35]). The same was true when an odds ratio was used (OR 1.40-
2.91) [19,21,27,29]. Two other studies analyzed the risk of MI by age group and found a
higher risk in younger patients with COPD (HR 10.34 and 3.15) [18,20].

3.5. IHD

COPD was associated with a higher risk of death from IHD in three studies (HR
1.03 [36], RR 1.91-2.68 [17,23]). COPD was also associated with a higher risk of having this
comorbidity (HR 1.34-1.80 [37], RR 1.41-2.36 [17,30,35,38,40]). This association was also
seen when using odds ratios (OR 1.74-2.32) [29,36,39].

3.6. Heart Failure

Evidence from five studies showed that COPD was associated with an increased risk
of death from heart failure (HR 1.65 [36], RR 2.48-4.09 [17,19,25,26]). Eleven studies showed
that the risk of heart failure was higher in patients with COPD, with most studies showing
a two-fold higher risk compared to controls (HR 1.51-6.80 [18,37], RR 2.41-3.75 [17,19,23,
25,26,30,35,38,40]). This association was also found in four studies using odds ratios (OR
2.17-5.21) [19].

3.7. Angina

Patients with COPD had a higher risk of having angina when compared with controls.
This was found in five studies (HR 1.27-3.8, RR 1.98-2.08) [18,19,23,26,35]. Curkendall et al.
also found this association (OR 1.86) [19].

3.8. Arrhythmia and AF

One study analyzed the risk of death from arrhythmia (RR 2.81, 95%CI 1.59-4.98 [19])
and a second from AF (HR 1.08, 95%CI 1.06-1.10 [36]) in patients with COPD, both with
significant results. When analyzing the risk (RR 1.56-1.98 [23,26,40]) and odds (OR 1.39—
1.70 [29,36]) of having AF, the same pattern was observed. Morgan et al. showed that the
risk of AF was higher in younger patients with COPD when compared with older age
groups (HR 3.94 vs 1.31) [18].

3.9. Stroke

Six studies analyzed the risk of dying from a stroke, and four showed a higher
risk (HR 1.84, 95%CI 1.80-1.89 [36]; RR 1.24-1.84 [17,23,26]) in patients with COPD. Five
studies showed a higher risk of stroke in patients with COPD (HR 1.15-3.81 [18], RR 1.33—
1.71 [17,23,26,35]). The studies that reported odds ratios were not significant, except for
Curkendall et al. (OR 1.24) [19].

3.10. Sudden Cardiac Death/Arrest

Patients with COPD had a higher risk of sudden cardiac death (HR 1.93 [33]) and
cardiac arrest (HR 1.87—4.06 [18]) compared with controls
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3.11. Pulmonary Embolism

Two studies analyzed the risk of dying from a pulmonary embolism, but the results were
non-significant [19,26]. Three studies reported results on the risk of pulmonary embolism, but
only two showed a higher risk associated with COPD (RR 2.39 and 2.72) [26,35]. The same was
observed when using odds ratios (OR 2.51 and 5.47) [19,27].

3.12. Pulmonary Hypertension

Two studies analyzed the presence of pulmonary hypertension in patients with COPD.
Morgan et al. showed that the risk of this condition was higher in patients with COPD,
decreasing with age (HR 3.70-27.70) [18]. Baty et al. 2013 also found higher odds in patients
with COPD (OR 5.60-5.80) [29].

3.13. Peripheral Vascular Disease

Both the risk of death from peripheral vascular disease (HR 1.32 [36]) and the risk
of having PVD (HR 1.42-7.70 [18]) were higher in patients with COPD. In patients with
COPD, the odds of having PVD was found to be 1.85-2.80 [29,36].

Figure 2 presents a summary of risks related to mortality and comorbidity.
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Figure 2. Measures of mortality and comorbidity risk in patients with COPD. Abbreviations: AF,
atrial fibrillation; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD, ischemic
heart disease; MI, myocardial infarction; OR, odds ratio; PVD, peripheral vascular disease; RR, rate

ratio/relative risk.

4. Discussion

Most studies that have examined the risk of CVD in patients with COPD suggest that
those with COPD have a higher risk than the general population or matched controls. This
review has also highlighted the heterogeneity in the criteria used to diagnose COPD among
the published studies.
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4.1. CVD

Eight studies analyzed the risk of CVD (either as cause of death or as a comorbidity) [17,19,
23,24,26,32,39] and seven found a higher risk in patients with COPD compared with the general
population/matched controls. The only study that did not show a significant association was
the study conducted in an Asian population and this difference may be due to the characteristics
of the population studied and the specific epidemiological features [41]. Further research needs
to be conducted to better understand the link between COPD and CVD [42], mainly in regions
that are less represented in the collected evidence, such as Asia, South America, and Africa.

4.2. MI, IHD, and Angina

COPD has been associated with a higher risk of MI [17,19,23,25,26,28,31,35], IHD [17,23,
29,30,35,36,38-40], and angina [18,19,23,26,35]. The only study that did not find a significant
association between MI (death or event) was Rodriguez et al., which may be in part explained
by the exclusion of patients with a history of coronary heart disease [25]. This evidence is in
line with a previous review [12]. These consistent findings across multiple studies suggest
a robust association between COPD and an increased susceptibility to CVD, underscoring
the need for vigilant monitoring of cardiovascular health as well as cardiopulmonary risk in
individuals with COPD [9,43]. Assessment of blood eosinophil count together with commonly
used forced expiratory volume in 1 s (FEV1) can be of value for monitoring patients with COPD.
Different incidences of non-fatal MI and cardiovascular death across distinct pharmacological
treatments were found, which were more pronounced with increasing blood eosinophil [44].
Future research could delve deeper into the underlying mechanisms of this association to
inform more precise preventive strategies and targeted interventions to enhance the overall
management of COPD patients [42].

4.3. Heart Failure

Evidence is robust showing that COPD is associated with an increased risk of heart
failure [17-19,23,25,26,30,35-38,40], with most studies showing more than a two-fold
higher risk compared to controls. This has been a topic of interest in recent opinion
reviews [43,45,46]. The EURObservational Research Programme Heart Failure Long-Term
Registry found that up to 19% of people hospitalized with heart failure also had diagnosed
COPD [47]. To reduce symptoms, delay progression, and improve prognosis, it is essential
to better screen and diagnose these two coexisting conditions and when present, to establish
a management strategy that addresses both simultaneously. This is especially true given
the rising mortality rates and the significant negative impact of each disease on quality of
life and functional status [48].

4.4. Other CVD Outcomes

Seven studies have shown the link between stroke and COPD [17-19,23,26,35,36], with
consistent risk measures. These results are aligned with a recent systematic review on the
topic, which showed pooled odds for stroke risk of 1.40 (95% CI 1.24-1.59) and for stroke
mortality of 1.20 (95% CI 1.13-1.27) [14]. Evidence from other CVD outcomes is still scarce,
with too few studies to allow a proper synthesis of the associated risk. Future observational
cohort studies should gather more information regarding these outcomes.

4.5. Strengths and Limitations

This review benefits from the use of a comprehensive search strategy that included
three bibliographic databases. Our review used more robust diagnostic criteria for both
COPD and CVD, thus excluding several studies previously presented in prior reviews.
Nevertheless, the risk for each CVD was summarized as presented in the original studies,
but significant heterogeneity in CVD definitions may exist across these studies, which were
not accounted for. Patients with COPD were mostly selected based on diagnosis codes
using internationally standardized classifications, but considering that COPD is frequently
underdiagnosed, more symptomatic/severe COPD are likely to be over-represented in
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the original studies included. In addition, some studies may have excluded a proportion
of patients with COPD from their analyses by using stricter criteria such as a specific age
range (excluding either younger or older patients) or by requiring spirometry data, which
is not always available. Validation and comparison of the accuracy of CVD and COPD case
definitions [49,50] in distinct databases can be a strategy to overcome these limitations in
the future [51]. The severity of COPD and COPD phenotypes may also play a role in the
development of CV comorbidities as has been previously suggested [52]. However, this
could not be determined. Only the study from Ingebrigtsen presented the risk in relation to
GOLD grades. With the increasing number of COPD diagnoses based on spirometry [53],
future studies may shed light on this unanswered research question [42]. Another limitation
is that most studies did not adjust the risk of CV outcomes for patients” smoking status.
This is probably because this information was not available in several databases. However,
six studies included this adjustment, three of which used primary care databases and
three published since 2020. This shows that the availability and quality of reporting of
this information is likely to be improving, which will allow future observational studies
to better adjust for possible confounders and clarify the role of COPD in the development
of CVD. It also highlights the potential of using large datasets that include EMR from
primary and secondary care [54]. In addition, we did not account for potential duplication
of findings, as many studies were the sole representatives from a country or derived
from the same database but assessed distinct outcomes. However, it is important to note
that in studies conducted in the UK and Canada, despite the majority utilizing different
databases and/or index periods and focusing on distinct mortality and comorbidity risks,
some overlap in findings may still exist. This will need to be better considered in future
systematic reviews including meta-analysis with sensitivity analysis. As this was primarily
a qualitative synthesis, with the aim of summarizing all existing evidence on the topic, the
risk of bias of the included studies was not assessed.

4.6. Clinical Implications and Research Future Directions

To address the coexistence of COPD and CVD a comprehensive and integrated care
model is advocated, encompassing primary prevention, screening in primary care settings,
and fostering of multidisciplinary collaboration (pulmonologists, cardiologists, and general
practitioners) in both primary and secondary care [6,42]. CVD early detection can be
performed through minimal checkup (e.g., medical history, physical examination, blood
tests, cardiovascular risk scoring) and, if further investigation is needed, through predictive
biomarkers (e.g., BNP) and imaging procedures, such as echocardiography and coronary
computed tomography angiography [9,55]. Clinical decision support systems are also
recommended as a pivotal strategy [6]. These collaborative efforts are crucial for stratifying
cardiovascular risk in COPD patients ensuring the delivery of appropriate treatment.
The higher CVD risk emphasizes also the burden of cardiopulmonary risk in patients
living with COPD [43,56]. Recognizing that exacerbations pose a significant threat to both
pulmonary and CV health, there is an imperative need for proactive identification and
targeted treatment of COPD individuals at risk of exacerbation. It would be of benefit if, in
the near future, we could quantify and categorize levels of cardiopulmonary risk in patients
with COPD. Well-designed retrospective and longitudinal real-world studies including
electronic health records from primary and secondary care are needed to comprehensively
address this research question [42]. The potential of large datasets will probably enhance
the quality and comprehensiveness of the data collected. As diagnosis codes are associated
with some misclassification, future studies may consider the presence of COPD only
when related outcomes are assessed (e.g., FEV1). As data availability on smoking habits
and COPD severity improves, future studies should provide clearer insights into their
correlation with CVD. This review focused on the risk of CVD in COPD in a unidirectional
way. Yet, as COPD also adversely affects the prognosis of CVD, future reviews could
include both angles of this bidirectional relationship.
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5. Conclusions

Most studies which have investigated the risk of CVD in patients with COPD suggest
that those with COPD have a higher risk than the general population or matched controls.
This review underscores the need for vigilant and close monitoring of cardiovascular and
cardiopulmonary risk in individuals with COPD to inform more precise preventive strategies
and targeted interventions to enhance their overall management. The retrospective design
of most studies, coupled with limited or no adjustments for confounding factors, impairs
the drawing of definitive conclusions regarding CV risk in patients with COPD. Additional
well-designed prospective studies to comprehensively address this question are needed.
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