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Abstract: Background: Over the last 15 years, few echocardiographic studies have exam-
ined the biventricular mechanics by speckle tracking echocardiography (STE) in patients
affected by chronic obstructive pulmonary disease (COPD) without advanced lung dis-
ease. We aimed to summarize the main findings of these studies and quantify the overall
effect of COPD on biventricular mechanics in patients without severe airflow obstruc-
tion. Methods: Eligible studies assessing cardiac function by conventional transthoracic
echocardiography (TTE), implemented with a STE analysis of left ventricular (LV)-global
longitudinal strain (GLS) and/or right ventricular (RV)-GLS in COPD patients without
severe airflow obstruction vs. healthy controls, were selected from the PubMed, Embase
and Scopus databases. The primary endpoint was to quantify the effect of COPD on
LV-GLS and RV-GLS in individuals without advanced lung disease. Continuous data
[LV-GLS, RV-GLS, left ventricular ejection fraction (LVEF) and tricuspid annular plane
systolic excursion (TAPSE)] were pooled as the standardized mean difference (SMD) com-
paring COPD cohorts with healthy controls. Results: Ten studies were included, totaling
682 COPD patients and 316 healthy controls. Overall, COPD showed a large effect on
LV-GLS (SMD −1.296; 95%CI −2.010, −0.582, p < 0.001) and RV-GLS (SMD −1.474; 95%
CI −2.142, −0.805, p < 0.001), a medium-to-large effect on TAPSE (SMD −0.783, 95% CI
−0.949, −0.618, p < 0.001) and a small effect on LVEF (SMD −0.366, 95% CI −0.659, −0.074,
p = 0.014). The I2 statistic value for the LV-GLS (91.1%), RV-GLS (88.2%) and LVEF (76.7%)
studies suggested a high between-study heterogeneity, while that for the TAPSE (38.1%)
studies was compatible with a low-to-moderate between-study heterogeneity. Egger’s test
yielded a p-value of 0.16, 0.48, 0.58 and 0.50 for LV-GLS, RV-GLS, LVEF and TAPSE studies,
respectively, indicating an absence of publication bias. Meta-regression analyses excluded
that the effect of COPD on biventricular mechanics might be influenced by potential con-
founders (all p > 0.05). Sensitivity analysis confirmed the robustness of the LV-GLS, RV-GLS
and TAPSE studies’ results. Conclusions: COPD appears to be independently associated
with a mild attenuation of biventricular mechanics in patients with moderate airflow lim-
itations, despite a preserved LVEF and TAPSE on conventional TTE. STE analysis may
allow clinicians to identify COPD patients with subclinical myocardial dysfunction and an
increased risk of heart failure and cardiovascular complications early.
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1. Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogenous lung condition

characterized by chronic respiratory symptoms (dyspnea, cough and sputum production)
due to abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli (emphysema)
that cause persistent and often progressive airflow obstruction [1]. Its prevalence has
rapidly increased during the last decades, affecting over 400 million people globally [2].

COPD is frequently associated with several cardiovascular comorbidities, espe-
cially pulmonary hypertension (PH), cardiac arrhythmias and coronary artery disease
(CAD) [3–5]. The increased cardiovascular disease burden of COPD patients represents a
leading cause of morbidity and mortality in these patients [6].

In clinical practice, most COPD patients are referred to outpatient cardiology clinics
by pulmonologists or internal medicine physicians to perform conventional transthoracic
echocardiography (TTE) for the assessment of pulmonary hemodynamics. It is noteworthy
that severe PH and right ventricular (RV) systolic dysfunction are usually detectable by
TTE only in patients with advanced COPD [7]. However, cardiovascular risk factors
and comorbidities may affect cardiac function even in mild-to-moderate COPD, without
affecting global cardiac contractility, which is assessed by left ventricular ejection fraction
(LVEF). For this reason, in recent years, researchers have focused their attention on the
identification of early markers of myocardial systolic function that could be more sensitive
than LVEF in detecting subclinical myocardial organ damage.

Speckle tracking echocardiography (STE) is an innovative angle-independent imag-
ing modality that evaluates the myocardial deformation properties of cardiac chambers
throughout the cardiac cycle. It allows for measuring the deformation (“strain”) of both
ventricles and both atria and the rate at which this deformation occurs (“strain rate”) [8].
STE analysis is able to provide incremental diagnostic and prognostic information over
traditional TTE, as consistently demonstrated in various clinical settings [9–11]. Despite its
potential, the STE methodology has been rarely applied for evaluating the cardiac function
in COPD patients. Indeed, over the last 15-year period, only a few echocardiographic
studies have accurately examined the biventricular mechanics by TTE implemented with
STE in COPD patients. These studies aimed at identifying an early STE marker of subclini-
cal myocardial dysfunction in the presence of preserved LVEF on TTE, in COPD patients
without severe airflow obstruction. However, most of these studies were designed to
evaluate the COPD influence on left ventricular (LV) or RV mechanics separately, whereas
a concomitant assessment of the biventricular mechanics in non-advanced COPD was
rarely provided. The present systematic review and meta-analysis aimed to summarize
the principal findings of these studies and to quantify the overall effect of COPD on biven-
tricular mechanics in patients without advanced lung disease. The pathophysiological
mechanisms underpinning subclinical myocardial dysfunction in COPD patients will be
discussed as well.

2. Materials and Methods
This systematic review and meta-analysis were performed according to the PRISMA

guidelines [12] and were registered in INPLASY (registration number INPLASY202540086).
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2.1. Search Strategy

Two reviewers (A.S. and M.B.) independently accessed the PubMed, Scopus, Embase,
Cochrane and Web of Science databases to research all echocardiographic studies that,
regardless of the timeframe, performed conventional TTE implemented with a STE analysis
of the biventricular mechanics in COPD patients without severe airflow limitation (between
10 April 2025 and 17 April 2025). The search strategy included the following terms: “chronic
obstructive pulmonary disease”, “COPD”, “cardiac function”, “biventricular mechanics”,
“left ventricular mechanics”, “left ventricular global longitudinal strain”, “LV-GLS”, “right
ventricular mechanics”, “right ventricular global longitudinal strain”, “RV-GLS”. No
language restrictions were imposed.

2.2. Eligibility Criteria

All case-control studies assessing cardiac function by traditional TTE implemented
with STE analysis of the biventricular mechanics in hemodynamically stable COPD patients
in the Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage I, II or III
[defined by the forced expiratory volume in the first second (FEV1)/forced vital capacity
(FVC) ratio < 70% and FEV1 ≥ 80% (stage I), between 50% and 79% (stage II), and between
30% and 49% (stage III) of the predicted values, respectively] [13] vs. healthy individuals
without COPD were included in this systematic review and meta-analysis. The criteria
of exclusion were as follows: echocardiographic studies that focused on COPD patients
in the GOLD stage IV (defined by a FEV1/FVC ratio < 70% and FEV1 < 30% of the
predicted values) [13]; echocardiographic studies that analyzed COPD patients with severe
PH [14], hemodynamic instability, acute exacerbation of COPD and/or congestive right
heart failure (RHF); imaging studies that performed TTE in COPD patients without a
concomitant assessment of the myocardial strain parameters by STE; echocardiographic
studies that analyzed COPD individuals without controls; nonechocardiographic studies;
and nonclinical studies.

2.3. Study Selection and Data Extraction

Two reviewers (A.S. and M.B.) screened the records according to the aforementioned
eligibility criteria and independently collected the following information concerning COPD
patients and the controls: (1) demographics (age and sex); (2) anthropometrics [the body
surface area (BSA) and body mass index (BMI); (3) prevalence of the principal cardiovas-
cular risk factors (hypertension, smoking, type 2 diabetes and dyslipidemia); (4) COPD
severity according to the GOLD classification [13] and/or the Body Mass Index, Airflow Ob-
struction, Dyspnea and Exercise (BODE) index [15]; (5) hemodynamics [the cardiac rhythm,
heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP)]; (6) pulmonary
function tests (PFTs), including the FEV1, the FVC and the resulting FEV1/FVC ratio, and
the residual volume (RV); (7) diffusion capacity of the lungs for carbon monoxide (DLCO)
and the distance covered during a 6-Minute Walk Test (6MWT); (8) arterial blood gas (ABG)
analysis results in room air; (9) relevant cardiovascular and noncardiovascular comorbidi-
ties; (10) blood tests that were comprehensive of the serum levels of hemoglobin, creatinine,
fasting plasma glucose, low-density lipoprotein (LDL) cholesterol and N-terminal pro
B-type natriuretic peptide (NT-proBNP); (11) traditional echoDoppler indices of cardiac
chambers’ cavity sizes, biventricular systolic function and pulmonary hemodynamics;
(12) STE-derived biventricular myocardial strain parameters; (13) and finally, current
respiratory and nonrespiratory treatments.
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2.4. Risk of Bias Assessment

The risk of bias (RoB) was assessed by using the National Institutes of Health (NIH)’s
Quality Assessment of Case-Control Studies [16]. Two authors (A.S. and G.L.N.) indepen-
dently estimated the quality rating of each study as “good”, “fair” or “poor”. Possible
discrepancies between the investigators were resolved through a consensus discussion with
the involvement of a third author (M.B.). Cohen’s kappa coefficient [17] was the statistical
measure employed to quantify the level of agreement between the two raters.

2.5. Statistical Analysis

Continuous data were summarized as the median [(interquartile range (IQR)], whereas
the categorical variables were reported as percentages (%). Assuming that the underlying
distribution was normal or that it did not relevantly deviate from a normal distribution,
the mean was considered equal to the median and, to estimate the standard deviation (SD)
from the IQR, the following equation was used: SD = IQR/1.35.

The primary endpoint was to quantify the effect of COPD on LV-GLS and RV-GLS in
individuals in GOLD stages I to III. Continuous data (LV-GLS, RV-GLS, LVEF and TAPSE)
were pooled as the standardized mean difference (SMD), comparing the COPD cohorts with
healthy controls. The overall SMDs of LV-GLS, RV-GLS and LVEF were calculated using
the random-effect model due to the increased between-study heterogeneity. The I-squared
statistic (I2) was used to quantify the percentage of variation across studies. Publication
bias was assessed by using Begg’s funnel plots and Egger’s test. Meta-regression analysis
was performed to determine whether the effect of COPD on biventricular mechanics might
be influenced by potential confounders, in particular, age, BMI and SBP for LV-GLS, and
the specific ultrasound machine was employed for the STE analysis and systolic pulmonary
artery pressure (sPAP) for RV-GLS. Finally, sensitivity analyses were performed to explore
the impact of removing each of the studies on the overall SMDs of LV-GLS, RV-GLS and
TAPSE. A statistical analysis was performed with the software Comprehensive Meta-
Analysis version 3.0 (Biostat, Englewood, NJ, USA), and two-tailed p-values below 0.05
were considered statistically significant.

3. Results
3.1. Study Selection

By accessing the PubMed, Scopus, Embase, Cochrane and Web of Science databases,
the initial research allowed us to identify 870 studies. Sixty-nine studies (7.9% of the total)
were removed as duplicates. Based on the exclusion criteria, 755 studies (86.8% of the total)
were excluded. The remaining 46 studies (5.3% of the total) were assessed for eligibility.
Of those, 26 (3% of total) were excluded due to the lack of a control group and 10 (1.1%
of total) due to incomplete STE data. Accordingly, 10 studies (1.1% of the total) [18–27]
were included in this systematic review and meta-analysis (Figure 1), totaling 682 COPD
patients and 316 healthy controls without COPD.

3.2. Clinical Findings

Table 1 summarizes the clinical characteristics and the most relevant echocardiographic
findings of the studies included in this systematic review and meta-analysis.

The included studies were published between 2010 and 2025. Three studies were
conducted by authors from Turkey, whereas the remaining seven studies were performed in
the United Kingdom, Norway, Germany, China, India, the Netherlands and Vietnam. The
median age of the COPD participants was 63.5 yrs (range 49.1–70 yrs), while the median
age of the controls was 61.6 yrs (range 48.9–67 yrs). Approximately two-thirds of the COPD
patients were males. Most of the included studies were prospective, whereas only the study



J. Clin. Med. 2025, 14, 3660 5 of 24

of Goedemans L., et al. [25] had a retrospective design. Concerning the ultrasound system
employed for STE analysis, five studies (50% of total) used a General Electric (GE) machine,
four (40% of total) a Philips Software, while Kalaycıoğlu, E., et al. [20] did not specify
the ultrasound machine used for measuring the myocardial strain parameters. Only two
studies (20% of the total) provided follow-up data. Notably, Kanar B.G., et al. [23] found
an improvement in RV mechanics in COPD patients who underwent a 4-week pulmonary
rehabilitation (PR) program, while Nasir S.A., et al. [24] demonstrated a significant deterio-
ration of RV function over a 6-month follow-up in approximately one-third of the COPD
patients, particularly in those with baseline abnormal RV function and a sPAP ≥ 35 mmHg.

Table 1. Clinical characteristics and relevant echocardiographic findings of the included studies.

Study Name
and Country

Number of
Patients

Mean Age
(yrs)

Males
(%)

Study
Design

Ultrasound
System

Main
Echocardiographic
Findings in COPD

Patients vs.
Healthy Controls

Sabit, R., et al.
(2010) [18],

United
Kingdom

COPD = 36
Controls = 14

COPD = 66.5
Controls = 67

COPD = 52.8
Controls = 64.3 Prospective GE

↑IVRT, ↔E/A ratio,
↑E/e’ ratio ↔LVEF,

↑aortic PWV
↓LV-GLS, ↓GLSRs
↔sPAP, ↑Tei index,

↓RV-FWLS

Hilde, J.M.,
et al. (2013) [19],

Norway

COPD = 72
Controls = 34

COPD = 63
Controls = 64

COPD = 52.8
Controls = 44.1 Prospective GE

↔E/A ratio, ↔E/e’
ratio, ↓LVEF

↑RV wall thickness,
↑RV size

↔sPAP, ↑RV-MPI,
↓RV basal s’

↓TAPSE, ↓RVEF,
↓RV-GLS

Kalaycıoğlu, E.,
et al. (2015) [20],

Turkey

COPD = 125
Controls = 30

COPD = 70
Controls = 67

COPD = 92
Controls = 90 Prospective NS

↔LV size
↑E/e’ ratio,
↔LVEF

↓LV-GLS, ↓GLSRs
↑sPAP, ↓RV basal s’,

↓TAPSE

Pizarro, C., et al.
(2016) [21],
Germany

COPD = 51
Controls = 20

COPD = 64.1
Controls = 61.3

COPD = 54.1
Controls = 55 Prospective GE

↔E/A ratio
↔LVEF

↔sPAP, ↔TAPSE
↓LV-GLS, ↓LV

apical septal strain

Xia, Y.J., et al.
(2018) [22],

China

COPD = 41
Controls = 42

COPD = 49.1
Controls = 48.9

COPD = 53.7
Controls = 61.9 Prospective Philips

↔LV size
↔E/A ratio, ↔E/e’

ratio, ↔LVEF
↓LV-GLS, ↓LV-GCS,

↓LV-GRS
↓LV peak rotation

angle

Kanar, B.G.,
et al. (2018) [23],

Turkey

COPD = 46
Controls = 32

COPD = 60.8
Controls = 58.5

COPD = 61
Controls = 41 Prospective Philips

↑RV size, ↔RV
thickness

↔LVEF, ↔RVEF,
↔RV basal s’

↑sPAP, ↓TAPSE
↓RV-GLS,
↓RV-FWLS
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Table 1. Cont.

Study Name
and Country

Number of
Patients

Mean Age
(yrs)

Males
(%)

Study
Design

Ultrasound
System

Main
Echocardiographic
Findings in COPD

Patients vs.
Healthy Controls

Nasir, S.A., et al.
(2020) [24],

India

COPD = 84
Controls = 40

COPD = 63.9
Controls = 61.1 NS Prospective GE

↓LVEF
↑sPAP, ↓TAPSE,
↓RV basal s’,
↓RV-FAC
↓RV-GLS

Goedemans, L.,
et al. (2021) [25],

The
Netherlands

COPD = 143
Controls = 38

COPD = 69
Controls = 66

COPD = 27
Controls = 53 Retrospective GE

↔LV size, ↑LAVi
↑E/e’ ratio, ↓LVEF
↑RA size, ↑sPAP,

↓TAPSE
↓LASr, ↓RASr

Cengiz Elçioğlu,
B., et al. (2022)

[26],
Turkey

COPD = 52
Controls = 29

COPD = 60.2
Controls = 57.7

COPD = 100
Controls = 100 Prospective Philips

↔LV size, ↔LA
size, ↔RV size

↔E/A ratio, ↔E/e’
ratio, ↔LVEF
↑sPAP, ↓TAPSE,
↓RV basal s’

↓LV-GLS, ↓GLSRs

Nguyen Ngoc
Dang, H., et al.

(2025) [27],
Vietnam

COPD = 32
Controls = 37

COPD = 68
Controls = 65

COPD = 91
Controls = 81 Prospective Philips

↔LVMi, ↔LVEF
↔sPAP, ↔TAPSE
↔LASr, ↓LV-GLS

↓RV-GLS,
↓RV-FWLS

COPD, chronic obstructive pulmonary disease; FAC, fractional area change; FWLS, free wall longitudinal strain;
GCS, global circumferential strain; GE, General Electric; GLS, global longitudinal strain; GLSRs, global longitudinal
strain rate in systole; GRS, global radial strain; IVRT, isovolumetric relaxation time; LA, left atrial; LASr, left atrial
reservoir strain; LAVi, left atrial volume index; LV, left ventricular; LVEF, left ventricular ejection fraction; LVMi,
left ventricular mass index; MPI, myocardial performance index; NS, not specified; PWV, pulse wave velocity; RA,
right atrial; RASr, right atrial reservoir strain; RV, right ventricular; RVEF, right ventricular ejection fraction; sPAP,
systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion.

Records identified through Pub Med, Scopus, 
Em base, Cochrane and Web of Science 

databases (n = 870) 

Records after duplicates 

removed {n = 69) 

Records screened on the basis 

of title/abstract (n = 801) 

Full-text articles assessed for 

eligibility(n =46) 

Studies included in the systematic review 

and meta-analysis(n =10) 

Records excluded on the basis of 
the exclusion criteria (n =755) 

Full-text articles ex cluded, 
with reasons { n = 36) 
Lack of control group (n =26) 
Incomplete STE data (n =10) 

Figure 1. The PRISMA flow diagram used for identifying the included studies. STE, speckle tracking
echocardiography.
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All the demographic, anthropometric, clinical, hemodynamic, spirometric and bio-
chemical parameters collected at baseline by the included studies in COPD patients and
healthy controls are listed in Table 2.

Table 2. Demographic, anthropometric, clinical, hemodynamic, spirometric and biochemical parame-
ters collected at baseline by the included studies in COPD patients and healthy controls.

Number of
Studies for
Parameters

Assessed (%)

Sample Size
COPD vs.
Controls

COPD Controls p-Value

Demographics

Age (yrs) 10 (100) 682 vs. 316 63.5 (49.1−70) 61.6 (48.9−67) <0.05

Males (%) 9 (90) 598 vs. 276 64.9 (27−100) 65.6 (41−100) NS

Anthropometrics

BSA (m2) 4 (40) 331 vs. 149 1.75 (1.52−2) 1.77 (1.56−1.9) NS

BMI (Kg/m2) 7 (70) 455 vs. 212 25.1 (20.3−28.2) 25.6 (21.3−27.9) <0.05

Cardiovascular risk factors

Hypertension (%) 3 (30) 319 vs. 88 58.2 (41−76) 30 (0−50) <0.05

Current smoking (%) 4 (40) 391 vs. 122 32 (20−43) 11.2 (0−23) <0.05

Pack—years of
smoking 5 (50) 316 vs. 135 41.9 (30−52) 10.9 (0−30) <0.05

Type 2 diabetes (%) 3 (30) 319 vs. 88 16.4 (14−21) 5.3 (0−10) <0.05

Dyslipidemia (%) 3 (30) 266 vs. 92 44 (38.2−55) 17.5 (0−35) <0.05

Cardiovascular comorbidities

CAD (%) 2 (20) 194 vs. 58 39.1 (28.2−50) 5 (0−10) <0.05

Noncardiovascular comorbidities

OSAS (%) 1 (10) 143 vs. 38 4 0 NS

Hemodynamics

Sinus rhythm (%) 10 (100) 682 vs. 316 89.9 (0−100) 100 <0.05

AF (%) 10 (100) 682 vs. 316 10.1 (0−100) 0 <0.05

Heart rate (bpm) 6 (60) 371 vs. 172 80.3 (71.4−96.5) 72.2 (60.3−80.4) <0.05

SBP (mmHg) 6 (60) 406 vs. 212 126 (114−139) 121.6 (111−133.9) <0.05

DBP (mmHg) 6 (60) 406 vs. 212 74.5 (69−83.2) 75 (68.1−80.9) NS

COPD severity

GOLD stage 6 (60) 428 1.9 (1.5−2.5) / /

BODE index 3 (30) 255 2.5 (2−3) / /

Pulmonary function tests

FEV1 (% predicted) 6 (60) 371 vs. 172 51.9 (45−60.1) 97.3 (89−103.6) <0.05

FVC (% predicted) 3 (30) 233 vs. 78 77.4 (74.6−81.7) 98.3 (85.4−105) <0.05

FEV1/FVC (%) 7 (70) 455 vs. 212 56 (49−60.5) 82.6 (76−96.8) <0.05

RV (% predicted) 2 (20) 123 vs. 54 181.5 (171−192) 115.2 (111.4−119) <0.05

DLCO (% predicted) 2 (20) 123 vs. 54 52.7 (48.5−57) 89.1 (78.3−100) <0.05

6MWD (m) 2 (20) 156 vs. 74 379 (343−415) 494.5 (489−500) <0.05
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Table 2. Cont.

Number of
Studies for
Parameters

Assessed (%)

Sample Size
COPD vs.
Controls

COPD Controls p-Value

Blood gas analysis

SaO2 (%) 4 (40) 289 vs. 126 93.6 (92−96) 96.1 (96−96.3) <0.05

PaO2 (mmHg) 4 (40) 289 vs. 126 69.4 (66.4−73.5) 77.7 (63.7−92) <0.05

PaCO2 (mmHg) 4 (40) 289 vs. 126 37.9 (35.7−40) 35 (34.1−36) <0.05

Biochemical parameters

Hemoglobin (g/dL) 4 (40) 360 vs. 130 14.2 (13.2−15.8) 14.2 (12.6−16.2) NS

Creatinine (g/dL) 2 (20) 184 vs. 80 0.97 (0.75−1.18) 0.80 (0.72−0.88) <0.05

Fasting glucose
(mg/dL) 2 (20) 161 vs. 44 99.6 (95.6−103.6) 97.1 (94.1−100.1) <0.05

LDL cholesterol
(mg/dL) 2 (20) 193 vs. 81 129.8

(119.1−140.5) 124.9 (124−125.9) <0.05

NT-proBNP (pg/mL) 2 (20) 123 vs. 54 268.4
(83.7−453.2) 87.7 (78.6−96.8) <0.05

Nonrespiratory medical treatment

ACE-i/ARBs (%) 2 (20) 268 vs. 68 45 (25−65) 12 (0−24) <0.05

CCB (%) 2 (20) 268 vs. 68 14.5 (14−15) 8.5 (0−17) <0.05

BB (%) 1 (10) 125 vs. 30 4 10 NS

Statins (%) 1 (10) 125 vs. 30 17 13 NS

Oral hypoglycemic
agents (%) 1 (10) 125 vs. 30 11 3 NS

Insulin (%) 1 (10) 125 vs. 30 4 3 NS

Respiratory medical treatment

Home oxygen
therapy (%) 1 (10) 51 20 / /

Short-acting
beta2-agonist (%) 1 (10) 143 15 / /

Long-acting
beta2-agonist (%) 2 (20) 194 63.8 (57−70.6) / /

Long-acting
anticholinergic (%) 1 (10) 51 60 / /

Inhaled
glucocorticoid (%) 2 (20) 194 49 (34.1−64) / /

Systemic
glucocorticoid (%) 1 (10) 51 4.7 / /

PDE-4 inhibitor (%) 1 (10) 51 17.6 / /
Data are expressed as the median and interquartile range. 6MWD, 6-min walk distance; ACE-i, angiotensin-
converting-enzyme inhibitors; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; BB, beta blockers; BMI,
body mass index; BODE, Body-Mass Index, Airflow Obstruction, Dyspnea and Exercise; BSA; body surface area;
CAD, coronary artery disease; CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease;
DBP, diastolic blood pressure; DLCO, diffusing capacity of the lungs for carbon monoxide; FEV1, forced expiratory
volume in the first second; FVC, forced vital capacity; GOLD, Global Initiative for Obstructive Lung Disease;
LDL, low-density lipoprotein; NS, statistically non-significant; NT-proBNP, N-terminal pro B-type natriuretic
peptide; PaO2, arterial partial pressure of oxygen; OSAS, obstructive sleep apnea syndrome; PaCO2, partial
pressure of carbon dioxide in arterial blood; PDE-4, phosphodiesterase-4; RV, residual volume; SaO2, arterial
oxygen saturation; SBP, systolic blood pressure.
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The most frequently assessed parameters were demographic, anthropometric, hemo-
dynamic and spirometric, whereas information concerning the burden of cardiovascular
risk factors and cardiovascular comorbidities, blood tests and the current medical treatment
was provided by a limited number of studies, ranging from 10 and 50% of the total. Overall,
the COPD participants were elderly males with a moderate prevalence of hypertension,
current smoking and dyslipidemia and a low prevalence of type 2 diabetes. Among the car-
diovascular comorbidities, assessed by only two studies [21,25], CAD history was detected
in 39.1% of the patients (range 28.2–50%). Only Goedemans L. et al. [25] evaluated the
prevalence of noncardiovascular comorbidities among COPD individuals, and, in particu-
lar, obstructive sleep apnea syndrome (OSAS) was detected in only 4% of them. An analysis
of the hemodynamics showed atrial fibrillation (AF) in 10.1% of the patients; overall, the
COPD patients were found with well-controlled blood pressure and a normal resting heart
rate. Pulmonary function impairment, evaluated according to the GOLD classification,
was moderate [median GOLD stage 1.9 (range 1.5–2.5)], with a median BODE index of
2.5 (range 2–3). Baseline PFTs confirmed a moderate airflow obstruction. A concomitant
moderate reduction in DLCO and in effort tolerance, as assessed by the 6MWT, was de-
tected. ABG revealed mild hypoxemia with a normal partial pressure of carbon dioxide in
the arterial blood (PaCO2). In the blood tests, the COPD patients presented with mild renal
failure (a median creatinine value of 0.97 mg/dL, corresponding to a median estimated
glomerular filtration rate of 83 mL/min/m2) [28], mild hypercholesterolemia [a median
LDL cholesterol value of 129.8 mg/dL (range 119.1–140.5 mg/dL)] and a moderate increase
in serum levels of NT-proBNP [a median value of 268.4 pg/mL (range 83.7–453.2 pg/mL].
Compared to the healthy controls, the COPD individuals were slightly older, had signifi-
cantly lower BMIs, had a significantly higher prevalence of the most relevant cardiovascular
risk factors, a CAD history and concomitant AF, significantly higher resting heart rate and
blood pressure values and, finally, significantly higher serum levels of creatinine, fasting
glucose, LDL cholesterol and NT-proBNP (all p values < 0.05). Regarding medical therapy,
the COPD patients were predominantly prescribed inhaled treatments, particularly long-
acting beta2-agonists, long-acting anticholinergics and inhaled glucocorticoids. Conversely,
cardioprotective drugs were prescribed to a smaller proportion of COPD patients, ranging
from 4% to 45% of the total.

3.3. Traditional Echocardiography and Strain Imaging Findings

All the included studies were performed using conventional TTE, implemented with
STE analyses of the LV and/or RV myocardial deformation indices (Table 3).

The most commonly measured TTE parameters were the LVEF, sPAP, TAPSE, E/e’
ratio and TDI-derived RV basal s’, while the great majority of traditional echocardiographic
indices were assessed by only 20–40% of the studies. COPD patients were diagnosed with
LV concentric remodeling, a preserved LVEF [median value 60% (range 50–67.8%)], an
E/e’ ratio in the so-called “gray zone” between 8 and 13 [median value 9.7 (range 5.8–17)],
mild left atrial (LA) enlargement, a normal RV size, preserved RV systolic function, as
assessed by tricuspid annular plane systolic excursion (TAPSE) magnitude [median value
19.3 mm (range 16.6–23 mm)] and, finally, a normal sPAP [median value 32.3 mmHg (range
22.9–46.7 mmHg)]. Compared to the healthy controls, the COPD patients had significantly
smaller LV end-diastolic internal dimensions, greater relative wall thicknesses, higher left
ventricular filling pressures, assessed by the E/e’ ratio [29], lower LVEFs, larger LA and RV
sizes, lower TAPSE and a higher sPAP.
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Table 3. Echocardiographic parameters measured by traditional transthoracic echocardiography and
speckle tracking echocardiography in COPD patients and healthy controls.

Echocardiographic
Parameters

Number of
Studies

for Parameters
Assessed (%)

Sample Size
COPD vs.
Controls

COPD Controls p-Value

TTE parameters

IVS thickness (mm) 2 (20) 177 vs. 59 10.5 (10−11.1) 10.4 (9.9−11) NS

LV-PW thickness
(mm) 2 (20) 177 vs. 59 10.2 (9.8−10.6) 10 (9.8−10.2) <0.05

LV-EDD (mm) 3 (30) 218 vs. 101 46.9 (45.8−48) 47.2 (46.3−48) <0.04

LV-ESD (mm) 3 (30) 218 vs. 101 29.6 (28.1−32) 29.4 (27.7−32) NS

RWT 2 (20) 177 vs. 59 0.44 (0.41−0.46) 0.42 (0.41−0.44) <0.05

LVMi (g/m2) 2 (20) 68 vs. 51 95.5 (86.5−104.5) 93.9 (84.1−103.8) NS

LVEF (%) 10 (100) 682 vs. 316 60 (50−67.8) 62.7 (59.4−69.1) <0.05

SV (mL) 2 (20) 113 vs. 76 58.7 (47.2−70.2) 58.1 (47.8−68.4) NS

CO (L/min) 2 (20) 113 vs. 76 4.4 (3.6−5.2) 4.6 (3.6−5.6) NS

E/A ratio 4 (40) 201 vs. 119 1.09 (0.8−1.43) 1.14 (0.9−1.51) NS

E/e’ ratio 6 (60) 469 vs. 187 9.7 (5.8−17) 7.7 (6.1−11) <0.05

LAVi (ml/m2) 2 (20) 215 vs. 72 35.5 (24−47) 22 (21−23) <0.05

RV-EDD (mm) 4 (40) 206 vs. 109 30.5 (24−38.1) 26 (24−27.6) <0.05

TDI RV basal s’
(cm/s) 6 (60) 415 vs. 179 11.6 (10−12.9) 13.3 (12−15.2) <0.05

RVEF (%) 2 (20) 118 vs. 66 52.4 (50−54.8) 57.1 (56.3−58) <0.05

TAPSE (mm) 7 (70) 533 vs. 226 19.3 (16.6−23) 22 (19.7−26) <0.05

sPAP (mmHg) 9 (90) 641 vs. 274 32.3 (22.9−46.7) 23.2 (18−30) <0.05

STE parameters

LV-GLS (%) 6 (60) 337 vs. 172 17.1 (13.9−18.9) 19.9 (17.1−22.3) <0.05

LV-GLSRs (s−1) 3 (30) 213 vs. 73 1.28 (0.9−1.6) 1.34 (1−1.7) NS

LV-GCS (%) 1 (10) 41 vs. 42 18.9 (16.3−21.5) 19.2 (16.6−21.8) NS

LV-GRS (%) 1 (10) 41 vs. 42 25.9 (20.4−31.4) 26.5 (21−32) NS

RV-GLS (%) 5 (50) 270 vs. 157 19.5 (14.6−22) 25.4 (18.3−31) <0.05

RV-FWLS (%) 2 (20) 78 vs. 69 17.3 (16.5−18.1) 24.6 (21.4−27.9) <0.05

LASr (%) 2 (20) 175 vs. 75 21.8 (14.2−29.5) 30.6 (30.2−31.1) <0.05

RASr (%) 1 (10) 143 vs. 38 15.3 (9−25.1) 42.8 (33.7−48.3) <0.05

Data are expressed as the median and interquartile range. CO, cardiac output; COPD, chronic obstructive
pulmonary disease; EDD, end-diastolic diameter; ESD, end-systolic diameter; FWLS, free wall longitudinal strain;
GCS, global circumferential strain; GLS, global longitudinal strain; GLSRs, global longitudinal strain rate in
systole; GRS, global radial strain; IVS, interventricular septum; LASr, left atrial reservoir strain; LAVi, left atrial
volume index; LV, left ventricular; LVEF, left ventricular ejection fraction; LVMi, left ventricular mass index; NS,
statistically non-significant; PW, posterior wall; RASr, right atrial reservoir strain; RV, right ventricular; RVEF,
right ventricular ejection fraction; RWT, relative wall thickness; sPAP, systolic pulmonary artery pressure; STE,
speckle tracking echocardiography; SV, stroke volume; TAPSE, tricuspid annular plane systolic excursion; TDI,
tissue Doppler imaging; TTE, transthoracic echocardiography.
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The STE analysis of myocardial strain parameters was primarily focused on LV-GLS
(assessed by 60% of studies) and RV-GLS (measured by 50% of studies), whereas the re-
maining STE indices were evaluated by a limited number of echocardiographic studies,
ranging from 10 to 30% of the total. Only two studies [18,27] evaluated both LV and RV
mechanics in COPD patients. The median values of LV-GLS, RV-GLS and RV-FWLS were
significantly lower in the COPD patients vs. healthy controls, while LV-global longitudinal
strain rate in systole (GLSRs), LV-global circumferential strain (GCS) and LV-global radial
strain (GRS) were not statistically different in the two study groups. Even if biventricular
mechanics resulted in being significantly impaired in the COPD participants vs. healthy
controls, when considering the accepted reference values for both the LV [30] and RV [31]
myocardial deformation indices, the magnitude of attenuation of LV-GLS, RV-GLS and
RV-FWLS detected in COPD patients was overall mild. Differently from the other authors,
Pizarro, C. et al. [21] performed a detailed analysis of regional LV strain in COPD par-
ticipants, demonstrating a localized deterioration of apical septal longitudinal strain. A
concomitant assessment of biatrial mechanics was performed by two studies (20% of total);
Goedemans L. et al. [25] described a significant deterioration of both left atrial reservoir
strain (LASr) and right atrial reservoir strain (RASr) in COPD patients with AF, while
Nguyen Ngoc Dang H. et al. [27] did not find a statistically significant difference in the
LASr magnitude between COPD patients and healthy controls.

Figure 2 depicts representative examples of the LV-GLS and RV-GLS assessments from
the apical four-chamber view in a COPD patient (Figure 2A,B) and in a healthy control
without COPD (Figure 2C,D).

Figure 2. Representative examples of LV-GLS and RV-GLS assessments from the apical four-chamber
view in a COPD patient (A,B) and in a healthy control without COPD (C,D). The bold yellow line and
red line indicate the LV-GLS and RV-GLS magnitudes, respectively, obtained in the two individuals.
COPD, chronic obstructive pulmonary disease; GLS, global longitudinal strain; LV, left ventricular;
RV, right ventricular.

3.4. NIH Quality Rating

The NIH quality rating was estimated as good for four studies and fair for six studies
(Table 4).



J. Clin. Med. 2025, 14, 3660 12 of 24

Table 4. Quality Assessment of Case-Control Studies [18–27]. Q1–Q12 items are accessible from the
URL: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools (accessed on 30
April 2025). NS, not specified.

NIH Quality Assessment Tool of Case-Control Studies Criteria Met

Study Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Quality

Sabit R. et al. [18] Yes Yes Yes NS Yes Yes NS Yes Yes Yes Yes No 9
(Good)

Hilde J.M. et al. [19] Yes Yes No Yes Yes Yes NS Yes Yes Yes Yes Yes 10
(Good)

Kalaycıoğlu E. et al. [20] Yes Yes No Yes Yes Yes NS Yes Yes Yes NS No 8 (Fair)

Pizarro C. et al. [21] Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No 10
(Good)

Xia Y.J. et al. [22] Yes Yes No Yes Yes Yes NS Yes Yes Yes NS No 8 (Fair)

Kanar B.G. et al. [23] Yes Yes Yes NS Yes Yes NS Yes Yes Yes NS No 8 (Fair)

Nasir S.A. et al. [24] Yes Yes No Yes Yes Yes NS Yes Yes Yes NS No 8 (Fair)

Goedemans L. et al. [25] Yes Yes No Yes Yes Yes NS Yes Yes Yes NS Yes 9
(Good)

Cengiz Elçioğlu B.
et al. [26] Yes Yes No NS Yes Yes NS Yes Yes Yes NS No 7 (Fair)

Nguyen Ngoc Dang H.
et al. [27] Yes Yes No Yes Yes Yes NS Yes Yes Yes NS No 8 (Fair)

The estimated Cohen’s kappa coefficient k was 0.81, compatible with substantial
agreement between the reviewers in the RoB assessment.

3.5. Effect of COPD on LV-GLS

COPD showed a large effect on LV-GLS magnitude (SMD −1.296; 95% CI −2.010,
−0.582, p < 0.001), thus indicating the early occurrence of LV myocardial deformation
impairment in the longitudinal direction in COPD patients without severe airflow limitation
(Figure 3).

Figure 3. Forest plot showing the effect of COPD on LV-GLS across the included stud-
ies [18,20–22,26,27]. COPD, chronic obstructive pulmonary disease; GLS, global longitudinal strain;
LV, left ventricular.

The overall I2 statistic value was 91.1%, suggesting high between-study heterogeneity.
Begg and Mazumdar’s test for rank correlation gave a p-value of 0.35, indicating no

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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evidence of publication bias. Egger’s test produced a p-value of 0.16, indicating no evidence
of publication bias.

The Begg’s funnel plot for LV-GLS studies is illustrated in Figure 4.

Figure 4. Begg’s funnel plot for the detection of publication bias in LV-GLS studies. GLS, global
longitudinal strain; LV, left ventricular.

The meta-regression analysis allowed the exclusion of any correlation between poten-
tial confounders (age, BMI and SBP) and LV-GLS in COPD patients (all p > 0.05) (Table 5).

Table 5. Meta-regression analysis performed to assess the impact of potential confounders on
LV-GLS. BMI, body mass index; GLS, global longitudinal strain; LV, left ventricular; SBP, systolic
blood pressure.

Coefficient Standard Error 95%CI Lower 95%CI Upper p-Value

Intercept −3.7559 8.9379 −21.274 13.7621 0.67

Age −0.1431 0.0978 −0.3348 0.0485 0.14

BMI −0.0659 0.1855 −0.4296 0.2978 0.72

SBP 0.1057 0.0866 −0.0639 0.2754 0.22

The sensitivity analysis confirmed the robustness of the study’s results on LV-GLS
assessment. The sequential removal of each study caused a mild variability in SMD, from
−1.132 (95% CI −1.484, −0.780, p < 0.001) to −1.520 (95% CI −2.307, −0.733, p < 0.001).

3.6. Effect of COPD on RV-GLS

COPD also exerted a large effect on RV-GLS magnitude (SMD −1.474; 95% CI −2.142,
−0.805, p < 0.001), thus indicating the early occurrence of RV myocardial deformation
impairment in the longitudinal direction in COPD patients without severe airflow limitation
(Figure 5).

A high between-study heterogeneity was detected (I2 statistic value 88.2%, p < 0.001).
Begg and Mazumdar’s test for rank correlation provided a p-value of 0.62, indicating no
evidence of publication bias. Egger’s test gave a p-value of 0.48, thus excluding publica-
tion bias.
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Statistics for each study 

Study name SMD (95% Cl) 

Sabit R. et al. (2010) -1.186 (-1.846, -0.526) 

Hilde J.M. et al. (2013) -2.250 (-2.758, -1.742) 

Kanar B.G. et al. (2018) -2.323 (-2.904, -1.743) 

Nasir S.A. et al. (2020) -0.988 (-1.384, -0.592) 

Nguyen Ngoc Dang H. et al. (2025) -0.661 (-1.146, -0.175) 

Overall (I'= 88.2%, p <0.001) -1.474 (-2.142, -0.805) 

p Value 

0.000 

0.000 

0.000 

0.000 

0.008 

0.000 

-4.00

Effect-of COPD on RV-G LS 

-2.00 0.00 2.00 4.00 

Relative 
weight(%) 

18.71 

20.20 

19.51 

21.17 

20.41 

Figure 5. Forest plot showing the effect of COPD on RV-GLS across the included stud-
ies [18,19,23,24,27]. COPD, chronic obstructive pulmonary disease; GLS, global longitudinal strain;
RV, right ventricular.

The Begg’s funnel plot for RV-GLS studies is depicted in Figure 6.

Figure 6. Begg’s funnel plot for the detection of publication bias in RV-GLS studies. GLS, global
longitudinal strain; RV, right ventricular.

The meta-regression analysis excluded any correlation between potential confounders
(the ultrasound machine employed for STE analysis and sPAP) and RV-GLS in COPD
patients (all p > 0.05) (Table 6).

Table 6. Meta-regression analysis performed to assess the impact of potential confounders on RV-GLS.
GE, General Electric; GLS, global longitudinal strain; RV, right ventricular; sPAP, systolic pulmonary
artery pressure.

Coefficient Standard Error 95%CI Lower 95%CI Upper p-Value

Intercept −0.3641 3.9875 −8.1795 7.4512 0.93

NonGE ultrasound machine 0.0817 1.0647 −2.0051 2.1685 0.94

sPAP −0.0402 0.1424 −0.3194 0.239 0.78
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The sensitivity analysis confirmed the robustness of the study’s results on RV-GLS
assessment. The sequential removal of each study caused a mild variability in SMD, from
−1.682 (95% CI −2.407, −0.957, p < 0.001) to −1.944 (95% CI −2.612, −1.275, p < 0.001).

3.7. Effect of COPD on LVEF

Overall, COPD showed a small effect on LVEF magnitude (SMD −0.366, 95% CI
−0.659, −0.074, p = 0.014), thus excluding a LVEF reduction during the early stages of
COPD (Figure 7).

 

 

Figure 7. Forest plot showing the effect of COPD on LVEF across the included studies [18–27]. COPD,
chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction.

The between-study heterogeneity was high (I2 statistic value 76.7%, p < 0.001). Begg
and Mazumdar’s test for rank correlation gave a p-value of 0.24, indicating no evidence of
publication bias. Egger’s test yielded a p-value of 0.58, indicating the absence of publica-
tion bias.

The Begg’s funnel plot for LVEF studies is shown in Figure 8.

3.8. Effect of COPD on TAPSE

A medium-to-large effect of COPD on TAPSE magnitude was observed (SMD −0.783,
95% CI −0.949, −0.618, p < 0.001), thus indicating a moderate effect of non-advanced COPD
on RV longitudinal systolic function (Figure 9).

The I2 statistic value was 38.1% (p = 0.138), compatible with a low-to-moderate
between-study heterogeneity. Begg and Mazumdar’s test for the rank correlation gave a
p-value of 0.45, indicating no evidence of publication bias. Egger’s test gave a p-value of
0.50, thus excluding the presence of publication bias.

The Begg’s funnel plot for the TAPSE studies is illustrated in Figure 10.
The sensitivity analysis confirmed the robustness of the study’s results on the TAPSE

assessment. The sequential omission of each study caused a mild variability in SMD, from
−0.751 (95% CI −1.074, −0.428, p < 0.001) to −0.928 (95% CI −1.199, −0.657, p < 0.001).
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Figure 8. Begg’s funnel plot for the detection of publication bias in LVEF studies. LVEF, left ventricular
ejection fraction.

Figure 9. Forest plot showing the effect of COPD on TAPSE across the included studies [20,21,23–27].
COPD, chronic obstructive pulmonary disease; TAPSE, tricuspid annular plane systolic excursion.

Figure 10. Begg’s funnel plot for the detection of publication bias in the TAPSE studies. TAPSE,
tricuspid annular plane systolic excursion.
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4. Discussion
4.1. Main Findings

This systematic review and meta-analysis, analyzing 10 case-control studies conducted
over a 15-year period, including 682 COPD patients, demonstrated that COPD participants
(1) were predominantly elderly males with a moderate prevalence of hypertension, smok-
ing, dyslipidemia and a low prevalence of type 2 diabetes; (2) were affected by moderate
airflow limitation, as assessed by the GOLD classification and PFTs results; (3) were
found with good blood pressure control but suboptimal control of LDL cholesterol levels;
(4) on conventional TTE, were diagnosed with mild LV concentric remodeling, preserved
biventricular systolic function (assessed by LVEF and TAPSE, respectively), subclinical
diastolic dysfunction and normal hemodynamics (median sPAP < 35 mmHg); (5) on strain
echocardiographic imaging, were found with a significant, although modest, attenuation of
biventricular mechanics (expressed by LV-GLS and RV-GLS magnitude, respectively) com-
pared to healthy controls and to the accepted reference values [30,31]; (6) received adequate
respiratory treatment, but were, overall, underprescribed with cardioprotective drugs.

Our meta-analysis revealed that COPD had a large effect on LV-GLS and RV-GLS,
a medium-to-large effect on TAPSE and a small effect on LVEF. The effect of COPD on
biventricular mechanics was independent of the relevant moderators, as demonstrated by
the meta-regression analyses conducted separately for LV-GLS and RV-GLS. Notably, COPD
showed a negative influence on LV mechanics independently of age, anthropometrics and
blood pressure values; additionally, the RV myocardial deformation properties resulted
in impairment, regardless of the ultrasound machine employed for STE analysis and
pulmonary hemodynamics.

The high between-study heterogeneity detected for the imaging studies assessing
LV-GLS, RV-GLS and LVEF in COPD patients was likely related to technical factors, such
as the intervendor variability in the STE examination of biventricular mechanics and the
possible inclusion of COPD patients affected by various degrees of lung disease, as assessed
by GOLD classification.

The results of this meta-analysis would suggest the early occurrence of specific cardiac
remodeling in COPD patients with moderate airflow obstruction, characterized by sub-
clinical LV diastolic dysfunction and a mild attenuation of biventricular mechanics on STE
analysis in the presence of preserved biventricular systolic function on conventional TTE.

4.2. Pathophysiological Mechanisms Underpinning the Early Deterioration of Biventricular
Mechanics in COPD Patients

Several pathophysiological mechanisms might explain the early occurrence of subclin-
ical biventricular systolic dysfunction in COPD patients (Figure 11).

Concerning LV-GLS impairment, it is known that aging [32] and hypertension [33] are
associated with greater LV concentricity, impaired myocardial relaxation and reduced LV-
GLS. Additionally, LV-GLS may be impaired due to abnormalities in LV afterload, related to
increased aortic stiffness [18]. All these factors may synergically cause subclinical diastolic
dysfunction in COPD patients without advanced lung disease, leading to myocardial
fibrosis with consequent LV-GLS deterioration.

The early alteration in RV mechanics observed in COPD patients has been attributed
to the harmful effects of smoking [34] and/or air pollution [35], to a slight and subclin-
ical increase in sPAP [36], pulmonary vascular resistance (PVR) [19], pulmonary artery
stiffness [37] and/or to the possible transient increase in RV afterload occurring during
the daily life activities of these individuals [38]. In COPD patients without advanced
lung disease, a normal RV–pulmonary artery (PA) coupling allows the right ventricle to
effectively contract and eject blood into the pulmonary arteries, matching the afterload [39].
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During the initial stages of lung disease, COPD causes an early subclinical attenuation in
RV mechanics, expressed by RV-GLS reduction and assessed by STE analysis; subsequently,
PH development and worsening are associated with gradual TAPSE deterioration, leading
to RV–PA uncoupling and, ultimately, right heart failure [40].

Figure 11. Pathophysiological mechanisms underpinning the early deterioration of biventricular
mechanics in COPD patients. COPD, chronic obstructive pulmonary disease; GLS, global longitudinal
strain; LV, left ventricular; PVR, pulmonary vascular resistance; RV, right ventricular; sPAP, systolic
pulmonary artery pressure.

Additive mechanisms might have a negative impact on both LV-GLS and RV-GLS in
COPD individuals. Considering that the left ventricle and the right ventricle share the
interventricular septum (ventricular interdependence), even a mild enlargement of the
right ventricle may cause not only a subclinical decline in RV mechanics but may also cause
LV diastolic dysfunction and the subclinical impairment in LV mechanics [19,26].

Another potential mechanism underlying the concomitant reduction in LV and RV
myocardial function is the presence of persistent low-grade systemic inflammation, con-
sistently reported in COPD individuals [41–43]. Chronic inflammation is associated with
blood leukocytosis, increased serum levels of C-reactive protein, fibrinogen and inflamma-
tory cytokines. Systemic inflammation occurring in COPD patients may contribute to the
development of both pulmonary and systemic endothelial dysfunction, thus accelerating
biventricular functional deterioration and heart failure occurrence [44–46].

In addition, by reducing cardiac preload, lung hyperinflation secondary to emphysema
may affect LV filling and cause a reduction in stroke volume and cardiac output, even
in the presence of preserved LVEF. Moreover, the increased intrathoracic pressure from
hyperinflation can compress both the right-sided and left-sided cardiac chamber cavity
sizes, thus impairing biventricular mechanics. It is noteworthy that these intrathoracic
compressive phenomena may be associated with extrinsic compressive phenomena on
cardiac chambers, as demonstrated by our study group in non-COPD cohorts with android
obesity [47] or pectus excavatum [48].

Finally, chronic hypoxemia, a common finding in COPD individuals, has been as-
sociated with cardiac coronary artery and venous ischemia affecting LV mechanics [49],
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and with hypoxic vasoconstriction causing pulmonary hypertension, thus affecting RV
mechanics [50].

4.3. Implications for Clinical Practice

The included studies demonstrated a strong correlation between COPD severity,
assessed by the GOLD classification and/or BODE index and/or PFTs, and the degree of
biventricular mechanics impairment. As demonstrated by the two studies that provided
short-term follow-up data [23,24], COPD patients may experience a rapid deterioration of
clinical, respiratory and echocardiographic parameters, particularly in the case of altered
biventricular mechanics at basal evaluation [24]. On the other hand, LV and RV myocardial
strain parameters may significantly improve even after a 4-week PR program [23]. These
findings suggest the incremental diagnostic and prognostic role of STE analysis over
conventional TTE in COPD patients with moderate airflow obstruction.

By highlighting a low effect of COPD on LVEF, our meta-analysis confirmed the
limitations and poor sensitivity of LVEF for detecting subclinical LV dysfunction in COPD
patients without advanced lung disease. Conversely, given the large effect of COPD on
biventricular mechanics revealed by this meta-analysis, the STE methodology showed an
incremental diagnostic value over conventional TTE for identifying the early deterioration
of myocardial deformation properties of both ventricles. From a clinical point of view, the
implementation of conventional TTE with STE analysis of biventricular mechanics may
allow clinicians to obtain a more comprehensive assessment of cardiac function in COPD
patients with mild-to-moderate airflow limitation.

Concerning cardioprotective treatment, it is known that COPD patients are commonly
undertreated with beta blockers due to concerns about the potential occurrence of bron-
chospasm [51]. The significantly higher heart rate in COPD patients vs. healthy controls,
detected by the studies included in this meta-analysis, was likely related to the frequent
use of long-acting beta2 agonists and/or undertreatment with beta blockers in COPD
individuals. Eminent studies have demonstrated the positive effects of beta blockers in
reducing morbidity and mortality in patients with heart failure [52] and previous myocar-
dial infarction [53], and in COPD patients with a CAD history [54]. In agreement with
the practical recommendations for the use of beta blockers in COPD patients with CAD,
heart failure or arrhythmias [55], a prudent use of cardioselective beta blockers might be
considered for initiation and adequate uptitration for those COPD patients with moderate
airflow limitation and concomitant impairment in LV- and/or RV-GLS, despite preserved
conventional indices of biventricular systolic function.

Despite the beneficial effect of statins on improving lung function and clinical symp-
toms in COPD patients [56], they are generally underutilized in these individuals, as
demonstrated by the results of our meta-analysis, revealing a suboptimal control of LDL
cholesterol levels in COPD patients.

4.4. Future Directions

Given its ability to detect early impairment in the biventricular myocardial deforma-
tion parameters, STE methodology should be considered for implementation in the clinical
evaluation of COPD patients without severe airflow obstruction. However, to date, this
innovative imaging modality, even if noninvasive and relatively inexpensive, is, overall,
underutilized by clinical cardiologists. The main reasons for its underuse are related to
incomplete training, time constraints related to image acquisition and analysis [57] and
the frequent occurrence of suboptimal echocardiographic windows in COPD patients with
consequent poor visualization of the endocardial border of both ventricles and inadequate
tracking of the myocardial walls.
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Considering the cardioprotective effects of beta blockers and statins, demonstrated
in COPD cohorts with relevant cardiovascular comorbidities [54,56], further studies are
warranted to evaluate whether the early introduction of these treatments might contribute
to improving LV- and/or RV-GLS mechanics in COPD patients also affected by mild-to-
moderate airflow limitations.

4.5. Study Limitations

The main limitations of the included studies were their monocentric nature, the
limited sample size in most studies and the lack of adjusted data for 80% of them. However,
our meta-regression analyses excluded any correlation between several moderators and
biventricular mechanics.

Another important limitation that potentially affected the generalizability of the re-
search results was the high between-study heterogeneity detected for the studies assessing
LV-GLS, RV-GLS and LVEF. This finding was likely related to the inclusion of COPD pa-
tients from different countries who were affected by various degrees of COPD and who
were examined by different ultrasound machines.

In addition, several clinical, laboratory and echocardiographic parameters were as-
sessed by a limited number of studies. However, it is important to consider that the great
majority of COPD patients have high thoracic acoustic impedance [58], leading to poor
visualization of the LV and/or RV endocardial borders, with consequent inadequate track-
ing by STE. Therefore, it is difficult to enroll a consistent number of COPD patients for a
prospective assessment of biventricular mechanics.

Moreover, given that the included studies were primarily focused on the assessment
of both conventional TTE and innovative STE indices in COPD patients, information
concerning both cardiovascular and noncardiovascular comorbidities was scant.

Finally, clinicians should consider that STE analysis has several limitations, such as
intervendor variability, dependence on obtaining good image quality, the operator’s experi-
ence, the frame rate setting, loading conditions and, finally, extrinsic determinants, particu-
larly anterior chest wall deformity and/or various degrees of pectus excavatum [59–62].
All these technical factors may contribute to the limited diffusion of this innovative imaging
modality among cardiological institutions.

5. Conclusions
COPD appears to be associated with the mild attenuation of biventricular mechanics

in patients with moderate airflow limitation, despite preserved LVEF and TAPSE on
conventional TTE.

Due to its incremental diagnostic and prognostic value, STE analysis may allow
clinicians to identify among COPD patients without advanced lung disease those with
subclinical myocardial dysfunction and an increased risk of subsequent heart failure and
cardiovascular complications early.

Future prospective studies are needed to evaluate if early initiation and/or adequate
uptitration of cardioprotective drugs, such as beta blockers and statins, may improve the
myocardial deformation properties of both ventricles and/or reduce the future occurrence
of adverse cardiovascular events.
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