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ABSTRACT
Background: Obesity links to adverse cardiovascular outcomes, but subclinical cardiac remodeling patterns remain incompletely 
characterized. Cardiac magnetic resonance (CMR) provides reproducible assessments of myocardial structure, function, tissue 
characterization, and adiposity. We conducted a systematic review and meta-analysis to define the obesity-related CMR phenotype.
Methods: PubMed, MEDLINE, EMBASE, Cochrane, Web of Science, and Scopus were searched (2000–2025) for studies com-
paring CMR-derived cardiac parameters in adults with obesity (WHO criteria) versus controls without obesity. Standardized 
mean differences (SMDs) were pooled using random-effects meta-analysis. Sensitivity analyses and meta-regression explored 
heterogeneity.
Results: Twenty studies (1395 individuals with obesity, 1260 controls) were included. Obesity was associated with increased 
epicardial fat volume (SMD 0.74, 95% CI 0.46–1.01; p < 0.001), higher left ventricular mass/end-diastolic volume ratio (SMD 0.51, 
95% CI 0.27–0.75; p < 0.001), increased left ventricular mass index (SMD 0.33, 95% CI 0.13–0.53; p = 0.001), and higher stroke vol-
ume (SMD 0.40, 95% CI 0.20–0.61; p < 0.001). Despite preserved left ventricular ejection fraction, global longitudinal strain (GLS) 
was impaired (SMD –0.44, 95% CI –0.67 to −0.20; p < 0.001), indicating subclinical systolic dysfunction. Sensitivity analyses 
excluding cohorts with cardiometabolic disease demonstrated consistent findings. Meta-regression identified body mass index as 
a modifier of GLS (p = 0.02), whereas age influenced left ventricular mass remodeling.
Conclusions: Obesity is characterized by a distinct CMR phenotype of concentric ventricular remodeling, excess epicardial adipos-
ity, increased hemodynamic adaptation, and early subclinical myocardial dysfunction despite preserved ejection fraction. These find-
ings highlight potentially reversible early cardiac adaptations contributing to the excess cardiovascular risk associated with obesity.
Trial Registration: Registration number: PROSPERO CRD420251083324
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1   |   Introduction

Obesity is a global health crisis affecting more than 650 mil-
lion adults worldwide, with prevalence continuing to rise 
across both developed and developing nations [1, 2]. It is a 
well-established risk factor for a broad spectrum of cardiomet-
abolic diseases, including hypertension, type 2 diabetes, 
coronary artery disease, and heart failure [3]. Beyond these 
systemic complications, contemporary evidence suggests that 
obesity exerts direct and deleterious effects on cardiac struc-
ture and function, a phenomenon often referred to as obesity 
cardiomyopathy [4].

Cardiac remodeling in obesity is thought to arise from a com-
plex interplay of hemodynamic overload, neurohormonal ac-
tivation, adipose-driven inflammation, and myocardial lipid 
accumulation [5]. These changes can occur even in the absence 
of overt cardiovascular disease and may contribute to the ele-
vated incidence of subclinical dysfunction, arrhythmias, and 
ultimately heart failure, particularly heart failure with pre-
served ejection fraction (HFpEF), observed in populations with 
obesity [6]. Understanding these subclinical changes is there-
fore critical for early intervention and prevention strategies.

Historically, echocardiography has been the primary imaging 
modality used to evaluate obesity-related cardiac changes. 
However, echocardiographic assessment is often limited by 
poor acoustic windows in individuals with obesity and lacks 
the reproducibility and sensitivity required to detect subtle 
myocardial alterations, especially in tissue characterization 
and strain assessment [7]. In contrast, cardiac magnetic res-
onance (CMR) imaging has emerged as the gold standard for 
noninvasive evaluation of cardiac structure, function, and 
tissue composition, offering superior spatial resolution, repro-
ducibility, and multiparametric assessment capabilities [8].

Despite the growing application of CMR in obesity-related 
research, prior studies have yielded inconsistent findings 
regarding the magnitude and clinical relevance of cardiac 
changes in individuals with obesity. Although increases in 
left ventricular (LV) mass and concentric remodeling are fre-
quently reported, the impact on systolic function, particularly 
strain indices such as global longitudinal strain (GLS), and 
markers of myocardial tissue characterization, such as native 
T1 and extracellular volume (ECV), remain less well defined. 
Similarly, the contribution of epicardial fat volume (EFV), a 
metabolically active fat depot with proposed paracrine effects 
on the myocardium, is an emerging but incompletely under-
stood factor.

Given these uncertainties, a comprehensive synthesis of avail-
able CMR evidence is necessary to clarify the extent and pat-
tern of cardiac structural and functional alterations associated 
with obesity. Accordingly, we performed a systematic review 
and meta-analysis of CMR-based studies to quantitatively 
assess differences in myocardial structure, function, strain, 
and adiposity between individuals with obesity and controls. 
Our aim was to identify consistent imaging phenotypes of 
obesity-related cardiac remodeling and dysfunction and to 
provide a foundation for future mechanistic and prognostic 
investigations.

2   |   Methodology

2.1   |   Search Strategy and Selection

This systematic review and meta-analysis is reported ac-
cording to the Meta-analysis Of Observational Studies in 
Epidemiology and Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines and check-
list [9]. The review protocol was registered on the International 
Prospective Register of Systematic Reviews (PROSPERO), 
registration number PROSPERO CRD420251083324 Various 
databases including PubMed, Medline, Cochrane, EMBASE, 
Web of Science, and Scopus were searched from 2000 to 2025 
using combinations of terms related to “obesity,” “cardiac mag-
netic resonance,” and “myocardial structure/function.” The 
full database-specific search strategy is provided in Table S1. 
Only human studies published in English were considered. 
Reference lists of included studies were also manually screened 
to identify additional relevant publications. Please see inclusion 
and exclusion criteria below.

Studies were eligible for inclusion if they (1) enrolled adult 
participants aged 18 years or older; (2) included individuals 
with obesity, defined according to established World Health 
Organization (WHO) criteria as BMI ≥ 30 kg/m2 in the general 
population. For studies conducted in Asian populations, a lower 
threshold of BMI ≥ 25 kg/m2 was accepted in accordance with 
WHO expert consultation recommendations [10], which recog-
nize that Asian populations develop adverse cardiometabolic 
risk profiles, including visceral adiposity, insulin resistance, 
and cardiovascular disease, at lower BMI thresholds compared 
with Western populations; (3) included a comparator group 
without obesity; (4) utilized CMR to assess cardiac structural, 
functional, or tissue characterization parameters; (5) reported 
quantitative CMR outcomes with sufficient extractable data, 
including mean values and measures of variance (standard de-
viation, standard error, or equivalent); and (6) were published 
as full-text original research articles in peer-reviewed journals.

Studies were excluded if they (1) involved pediatric populations 
(< 18 years); (2) were case reports, review articles, editorials, 
conference abstracts, or nonoriginal research publications; 
(3) did not include a comparator group without obesity; (4) 
used imaging modalities other than CMR without separately 
reportable CMR data; (5) lacked sufficient quantitative data 
for meta-analysis; or (6) represented duplicate publications or 
overlapping study cohorts, in which case the most complete 
dataset was retained.

2.2   |   Clinical Endpoints

The primary endpoints of this meta-analysis were the stan-
dardized mean difference (SMD) in the various cardiac mag-
netic resonance parameters between individuals with obesity 
and healthy controls. These parameters included LV mass-to-
end-diastolic volume ratio (LVEDVR), LV-GLS, LV stroke vol-
ume, LV mass indexed (LVMI), LV end-diastolic volume index 
(LVEDVI), and end-systolic volume index (LVESVI), EFV, 
right ventricular ejection fraction (RVEF), left atrial volume 
index (LAVI), left atrial ejection fraction (LAEF), as well as 
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native T1 and ECV as markers of myocardial tissue character-
ization. These endpoints were selected to comprehensively as-
sess the impact of obesity on cardiac structure, function, and 
tissue composition.

2.3   |   Data Extraction and Quality Assessment

Two investigators (SK and DW) independently screened re-
cords retrieved from the search by title and abstract. Details 
including year of publication, study design, participant char-
acteristics, age, sample size, sample stratification, outcome 
measures, results and the author's conclusion were collated 
and examined. Selected records were further screened for el-
igibility in full text by the same investigators (SK and DW). 
Data collection was performed independently by two investi-
gators (SK and DW) using the same predetermined template. 
Discrepancies at any stage of selection were arbitrated by a 
third author (SV).

Extracted variables included study design, sample size, par-
ticipant demographics, and CMR-derived parameters: Left 
ventricular ejection fraction (LVEF), LV mass index (LVMI), 
LV volumes, LV global strains (GLS, GRS, GCS), EFV, native 
T1 and extracellular volume (ECV), and right ventricular 
and left atrial indices. Study quality was appraised using the 
Newcastle–Ottawa Scale, with detailed study-level quality as-
sessment presented in Figure S1. Both reviewers were trained 
in the application of this tool prior to commencing the assess-
ment. The NOS evaluates studies across three domains: selec-
tion (maximum 4 points), comparability (maximum 2 points), 
and outcome (maximum 3 points), with a total possible score 
of 9. Discrepancies were resolved through discussion and 
consensus.

2.4   |   Statistical Analysis

For each CMR measure of interest (i.e., LVEF, LV-GLS), a 
random-effects meta-analysis was performed when data 
from three or more studies were available. Pooled SMDs 
with 95% confidence intervals (CIs) were calculated using 
DerSimonian–Laird random effects model to compare CMR 
measures between groups. SMD was the primary calculated 
effect size for each conceptual parameter given variability in 
measurement techniques (i.e., CMR field strengths, vendors, 
and sequences), differing software and postprocessing tools 
(i.e., CVI 42 vs. Tomtec) and differing study baseline popula-
tions (i.e., diabetes, hypertension, and heart failure).

SMDs were computed by dividing the mean difference by 
the pooled standard deviation to allow for cross-study com-
parability. Between-study heterogeneity was assessed using 
the I2 statistic, with I2 ≥ 50% considered indicative of sub-
stantial heterogeneity. Publication bias was assessed through 
visual inspection of funnel plots and Egger's test. A moder-
ator analysis was performed to compare pooled effect sizes 
across predefined physiological domains of CMR assessment, 
including adiposity, structural remodeling, functional im-
pairment, hemodynamic adaptation, and tissue characteriza-
tion. Where fewer than three studies were available or data 

were insufficient, findings were summarized narratively. 
To explore sources of heterogeneity and effect modification, 
meta-regression analyses were performed using study-level 
covariates. Meta-regression was conducted using a random-
effects model framework. All statistical analyses were con-
ducted using Cochrane Review Manager (RevMan) version 5.4 
and R version 4.4.0 (R Foundation for Statistical Computing, 
Vienna, Austria). A two-tailed p-value < 0.05 was considered 
statistically significant.

3   |   Results

3.1   |   Search Results

The initial literature search identified 848 articles from mul-
tiple databases. Following a rigorous screening process, 20 
studies met the predefined inclusion criteria and were incor-
porated into the meta-analysis [11–30]. These studies, pub-
lished between 2000 and 2025, were systematically reviewed 
and quantitatively synthesized. A detailed PRISMA flow di-
agram outlining the study selection process and reasons for 
exclusion is presented in Figure 1. Of the included studies, all 
studies were cross-sectional observational studies.

3.2   |   Study Characteristics

Twenty studies comprising 1395 participants with obesity 
and 1260 controls were included. Indications for CMR varied 
across studies. In most, participants were recruited from the 
general population or obesity clinics without overt cardio-
vascular disease, and CMR was performed to evaluate sub-
clinical cardiac structure and function. A minority of studies 
included populations with defined comorbidities such as type 
2 diabetes, hypertension, or HFpEF. Study designs were all 
cross-sectional given the nature of the studies. CMR protocols 
varied but consistently employed steady-state free precession 
cine imaging and validated methods for strain and fat quanti-
fication (Tables 1 and 2).

3.3   |   Meta-Analysis Summary

Obesity was associated with significantly higher LV mass 
index (SMD 0.327; p = 0.001) and LV mass/end-diastolic vol-
ume ratio (SMD 0.508; p < 0.001), indicating concentric re-
modeling. LV end-diastolic volume index (SMD 0.118) and LV 
end-systolic volume index (SMD 0.076) were modestly higher 
in obesity but not statistically significant. No significant differ-
ence in LVEF (SMD –0.019; p = 0.799) or RVEF (SMD –0.071; 
p = 0.261) was observed. LV GLS was impaired in obesity (SMD 
–0.435; p < 0.001), reflecting subclinical systolic dysfunction. 
LV stroke volume (SMD 0.403; 95% CI 0.202 to 0.605; p < 0.001, 
I2 = 42%) was higher in populations with obesity. No signif-
icant differences were observed in circumferential or radial 
strain. EFV was markedly higher in participants with obesity 
(SMD 0.74; p < 0.001). Although extracellular volume and na-
tive T1 showed numerically higher values in obesity (SMD 
0.488 and 0.686, respectively), these did not reach statistical 
significance due to limited sample size and high heterogeneity. 
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No significant differences were observed in left atrial volume 
index or ejection fraction (Figures 2–3 and Table 3).

3.4   |   Sensitivity Analysis Excluding 
Disease-Confounded Cohorts

To assess whether the observed associations were influenced 
by inclusion of studies involving participants with established 
cardiometabolic or structural disease states, a sensitivity anal-
ysis was performed excluding cohorts with HFpEF, type 2 
diabetes mellitus, hypertrophic cardiomyopathy, and hyper-
tension. Overall, the principal findings remained broadly con-
sistent with the primary analysis. EFV remained significantly 
increased in obesity (SMD 0.67, 95% CI 0.31 to 1.03), whereas 
significant associations were also preserved for left ventricu-
lar mass/end-diastolic volume ratio (SMD 0.37, 95% CI 0.17 to 
0.57), left ventricular stroke volume (SMD 0.44, 95% CI 0.15 
to 0.73), and impaired left ventricular GLS (SMD −0.34, 95% 
CI −0.64 to −0.05). The association with left ventricular mass 

index was attenuated and no longer reached statistical signifi-
cance after exclusion of disease-confounded cohorts. Detailed 
pooled estimates from sensitivity analyses are presented in 
Table S2.

3.5   |   Meta-Regression

To investigate sources of between-study heterogeneity, random-
effects meta-regression analyses were conducted using study-
level covariates. For LV GLS, increasing BMI was associated 
with an attenuated difference between individuals with obesity 
and control groups (coefficient −0.10, 95% CI −0.18 to −0.02; 
p = 0.02). For LV mass index, increasing age (coefficient −0.02, 
95% CI −0.05 to −0.01; p = 0.04) and lower LDL cholesterol lev-
els (coefficient −0.9, 95% CI −1.7 to −0.1; p = 0.02) were asso-
ciated with smaller between-group differences. No significant 
moderators were identified for LV mass/EDV ratio, suggesting 
that concentric remodeling was a relatively consistent finding 
across study populations (Table 4).

FIGURE 1    |    PRISMA flow diagram. PRISMA 2020 flow diagram illustrating the study selection process for the systematic review and meta-
analysis. A total of 848 records were identified through database searching across six electronic databases. Following duplicate removal and title/
abstract screening, 68 full-text articles were assessed for eligibility, of which 20 studies met predefined inclusion criteria and were included in the 
final quantitative synthesis.
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3.6   |   Moderator Analysis Across Cardiac 
Phenotypes

To further explore heterogeneity according to cardiac pheno-
type, a moderator analysis was performed comparing pooled 
effect sizes across predefined physiological domains of CMR 

assessment, including adiposity, structural remodeling, func-
tional impairment, hemodynamic adaptation, and tissue 
characterization. Significant differences in effect size were 
observed across domains (QM = 24.49, df = 4, p < 0.001), in-
dicating that obesity exerts differential effects across distinct 
cardiac phenotypes. Domain classification accounted for 19.6% 

TABLE 1    |    Study summary. Baseline characteristics of studies included in the systematic review and meta-analysis, summarizing study 
population, design, geographical distribution, and cardiac magnetic resonance imaging acquisition protocols.

First author Study cohort Study design Country MRI

Marttila 2024 Obesity vs. controls Cross-sectional Finland 1.5 T clinical CMR unit (MAGNETOM Avanto; 
Siemens Medical Systems, Erlangen, Germany)

Nakamori 
2023

HFpEF with Obesity vs. 
HFpEF without obesity

Cross-sectional USA 1.5-T CMR scanner (Achieva 1.5 T, 
Philips Medical Systems)

Evin 2016 T2DM with obesity vs. 
T2DM without obesity

Cross-sectional Australia 1.5 T Siemens Avanto scanner

Homsi 2019 Obese vs. controls Prospective 
cross-sectional

Germany 1.5-T MR system (Ingenia, Philips 
Healthcare, Best, the Netherlands)

Rider 2015 Obese vs. controls Prospective 
cross-sectional

England 1.5-T (Sonata; Siemens Medical 
Solutions, Erlangen, Germany)

Zhao 2023 Obesity vs. controls Prospective 
cross-sectional

China Prisma 3.0-T scanner (Sigma, Siemens Healthineers)

He 2023 HFpEF with obesity vs. 
HFpEF without obesity

Prospective 
cohort study

China 3 T scanners (MR750, General Electric Healthcare, 
Waukesha, Wisconsin, USA or Ingenia, Philips 

Healthcare, Best, the Netherlands)

Mandry 2012 Obesity vs. controls Cross-sectional France 1.5-T magnet (Sigma Excite; GE Medical 
Systems, Milwaukee, Wisconsin, USA)

Danias 2003 Obese male vs. controls Cross-sectional USA 1.5 T whole-body scanner (Philips Gyroscan 
ACS/NT, Best, the Netherlands)

Lewis 2022 Obese vs. controls Cross-sectional UK 1.5 T MR system

Liu 2022 Obese vs. controls Cross-sectional China 3-T whole-body scanner (MAGNETOM Skyra; 
Siemens Healthcare, Erlangen, Germany)

Bolz 2024 Obese vs. controls Cross-sectional Germany 1.5 T MR scanner (Sonata and Avanto, Siemens 
Medical Solutions AG, Erlangen, Germany)

Dong 2022 Obese vs. controls Cross-sectional Australia 1.5 T Siemens MAGNETOM Avanto 
system (Erlangen, Germany)

Goyal 2024 Obese vs. controls Cross-sectional USA 1.5 T (MAGNETOM Avanto, Espree, Aera or Sola, 
Siemens Healthineers AG, Erlangen, Germany)

Han 2022 Hypertensive patients Cross-sectional China 3.0 T whole-body scanner MAGNETOM Trio Tim 
(Siemens Medical Solutions, Erlangen, Germany)

Jiang 2020 T2DM with obesity vs. 
T2DM without obesity

Cross-sectional China 3.0 T whole-body scanner (Trio Tim; Siemens 
Medical Solutions, Erlangen, Germany)

Mei 2023 Obese vs. controls Cross-sectional China 3.0-T whole-body scanner (Skyra; Siemens 
Medical Solutions, Erlangen, Germany)

Shen 2021 T2DM with obesity vs. 
T2DM without obesity

Cross-sectional China 3.0-T whole-body scanner (Trio Tim; Siemens 
Medical Solutions, Erlangen, Germany)

Wang 2025 HCM with obesity vs. 
HCM without obesity

Cross-sectional China 3.0-T MAGNETOM Trio Tim scanner (Siemens 
Healthineers, Erlangen, Germany)

Zhao 2025 Obese vs. controls Cross-sectional China Siemens Prisma 3.0-Tesla magnetic resonance scanner; 
Siemens Healthineers, Erlangen, Germany
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TABLE 2    |    Baseline characteristics. Baseline demographic and cardiometabolic characteristics of participants included across studies comparing 
individuals with obesity and nonobese control populations. Values are presented as mean ± standard deviation or number of participants where reported.

First author Group arms Age
Male 

gender (n) BMI
HTN 

(n)
DM 
(n)

Total cholesterol 
mmol/L SBP

Marttila 2024 Obesity (n = 29) 57 ± 4 — 28.3 ± 1.1 — — 5.5 ± 0.9 122 ± 9

Control (n = 18) 52 ± 3 — 25 ± 3.1 — — 5.6 ± 1.1 121 ± 10

Nakamori 2023 Obesity (n = 73) 61 ± 11 40 36.9 ± 6.9 47 29 — 130 ± 17

Control (n = 77) 68 ± 13 42 25.3 ± 3.3 41 33 — 124 ± 20

Evin 2016 Obesity (n = 20) 54.6 ± 7.8 — 39.7 ± 5.8 — — — —

Control (n = 19) 47.5 ± 12.5 — 24.8 ± 2.6 — — — —

Homsi 2019 Obesity (n = 25) 54.6 ± 14.1 13 31.7 ± 1.2 — — — 130.3 ± 8.4

Control (n = 41) 57.2 ± 15.5 19 25.1 ± 2.3 — — — 124.7 ± 11

Rider 2015 Obesity (n = 59) 47 ± 11 — 36.9 ± 6.6 — — 5.2 ± 0.7 124 ± 11

Control (n = 40) 45 ± 11 — 22.9 ± 3.9 — — 5.2 ± 0.9 121 ± 10

Zhao 2023 Obesity (n = 88) 38 ± 11 44 34 ± 6 34 — 4.98 ± 1.05 130 ± 13

Control (n = 32) 37 ± 10 13 22 ± 2 0 — 4.61 ± 0.67 117 ± 10

He 2023 Obesity (n = 108) 46 ± 14 81 31 ± 2 99 31 — 134 ± 34

Control (n = 50) 64 ± 10 28 22 ± 2 39 13 — 132 ± 19

Mandry 2012 Obesity (n = 70) 55.8 ± 5.4 36 32.1 ± 3.1 — — — 124 ± 15

Control (n = 40) 54.8 ± 4.5 21 22.5 ± 2.2 — — — 115 ± 11

Danias 2003 Obesity (n = 25) 30 ± 7 — 34.8 ± 2.9 — — — 132 ± 11

Control (n = 25) 29 ± 5 — 22.7 ± 1.7 — — — 121 ± 11

Lewis 2022 Obesity (n = 54) 43 ± 10 10 46.5 ± 4 — — 4.9 ± 1 127 ± 16

Control (n = 49) 42 ± 15 33 21.9 ± 2 — — 4.9 ± 1 122 ± 17

Liu 2022 Obesity (n = 48) 32.6 ± 8.9 26 29.8 ± 2.1 — — 4.9 ± 1.1 123.3 ± 10.2

Control (n = 25) 33.3 ± 10.4 12 21.2 ± 1.3 — — 4.4 ± 0.9 116.7 ± 11.7

Bolz 2024 Obesity (n = 90) 44.6 ± 9.3 16 32.6 ± 4 — — — 124 ± 12.3

Control (n = 34) 40.8 ± 16 19 22.5 ± 1.4 — — — 128.4 ± 15.1

Dong 2022 Obesity (n = 21) 45 ± 13 14 30.3 ± 6.1 0 — 5.0 ± 0.6 131 ± 16

Control (n = 27) 30 ± 4 15 22 ± 1.8 0 — 4.7 ± 0.7 127 ± 9

Goyal 2024 Obesity (n = 50) 47.2 ± 13.3 29 50.3 ± 5.9 — — — —

Control (n = 50) 54.5 ± 18.7 22 22.2 ± 1.7 — — — —

Han 2022 Obesity (n = 47) 55.02 ± 14.46 26 27.57 ± 2.2 — — 4.66 ± 1.08 143.13 ± 17.78

Control (n = 55) 53.54 ± 10.08 22 22.49 ± 1.75 — — 4.53 ± 1.08 114.55 ± 10.33

Jiang 2020 Obesity (n = 19) 56.89 ± 9.79 10 26.53 ± 0.9 — — 4.98 ± 1.52 121 ± 13.1

Control (n = 33) 55.27 ± 8.18 20 21.94 ± 1.01 — — 4.21 ± 0.95 121 ± 11.7

Mei 2023 Obesity (n = 194) 54.43 ± 11.28 143 28.37 ± 2.75 121 100 5.01 ± 1.08 138.26 ± 20.33

Control (n = 209) 56.98 ± 11.1 93 22.4 ± 1.84 72 72 5.27 ± 1.07 134.52 ± 22.13

Shen 2021 Obesity (n = 27) 56.18 ± 9.69 17 27.45 ± 2.58 — — 4.48 ± 0.71 127.9 ± 11.9

Control (n = 46) 54.11 ± 10.11 27 21.23 ± 1.05 — — 4.2 ± 0.6 122.1 ± 11.7

(Continues)
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of between-study heterogeneity. Compared with the adipos-
ity domain, functional impairment demonstrated significantly 
smaller effect sizes (coefficient −0.879, 95% CI −1.351 to −0.407, 
p < 0.001), whereas structural remodeling (coefficient −0.537, 
95% CI −1.018 to −0.057, p = 0.029) and hemodynamic adapta-
tion (coefficient −0.547, 95% CI −1.061 to −0.034, p = 0.037) also 
demonstrated significantly smaller effect sizes. No significant 
difference was observed for tissue characterization parameters 
(p = 0.767). Detailed moderator analyses across physiological do-
mains are shown in Table S3.

3.7   |   Epicardial Adipose Tissue and Subclinical 
Dysfunction

The relationship between EAT and values of cardiac structure 
and function were qualitatively synthesized across studies. Evin 
et  al. demonstrated that higher EFV was moderately and in-
versely correlated with LA reservoir (r = −0.50, p ≤ 0.007), con-
duit (r = −0.53, p ≤ 0.007), and contraction longitudinal strain 
(r = −0.55, p ≤ 0.007). Similarly, Nakamori et al. found that EFV 
was positively correlated with RV longitudinal strain (r = 0.32, 
p = 0.006) and LV end-diastolic eccentricity index (r = 0.36, 
p = 0.002).

3.8   |   Publication Bias

Assessment of publication bias demonstrated no evidence of sig-
nificant small-study effects across evaluated parameters based 
on Egger's regression testing (Table S4). Funnel plots for major 
outcomes are shown in Figure S2.

4   |   Discussion

To our knowledge, this represents the first systematic review 
and meta-analysis evaluating CMR-derived differences in car-
diac structure and function between individuals with obesity 
and comparator populations. We demonstrate that obesity is 
associated with a consistent pattern of adverse cardiac remod-
eling and subclinical dysfunction across diverse clinical popu-
lations. Importantly, these findings remained broadly consistent 
in sensitivity analyses restricted to populations without overt 
cardiometabolic or structural heart disease. Specifically, indi-
viduals with obesity exhibited significantly increased LVMI, a 
higher LV/EDV ratio, indicative of concentric remodeling, and 
impaired LV-GLS all despite preserved ejection fraction. These 
findings provide important insights into the subclinical myo-
cardial changes that may underlie the increased cardiovascular 
risk observed in obesity [31]. Our findings reinforce previous ob-
servations that obesity promotes concentric LV remodeling. The 
observed increase in LVMI and LV/EDV ratio is consistent with 
pressure overload physiology and neurohormonal activation, 
including an elevated sympathetic tone and activation of the 
renin-angiotensin-aldosterone system [32]. In addition, excess 
adiposity may promote myocardial lipid accumulation through 
systemic lipid overflow, whereby adipose tissue storage capacity 
is exceeded, resulting in ectopic lipid deposition within cardio-
myocytes [33]. Emerging evidence suggests that not all adiposity 

First author Group arms Age
Male 

gender (n) BMI
HTN 

(n)
DM 
(n)

Total cholesterol 
mmol/L SBP

Wang 2025 Obesity (n = 298) 51.7 ± 12.9 197 — 101 33 — 128 ± 19

Control (n = 340) 49.9 ± 16.9 180 — 93 26 — 124 ± 19

Zhao 2025 Obesity (n = 50) 39 ± 11 31 27.3 ± 1.6 14 — 5.08 ± 0.87 124 ± 16

Control (n = 50) 40 ± 11 31 21.1 ± 2 0 — 4.58 ± 0.69 118 ± 9

TABLE 2    |    (Continued)

FIGURE 2    |    Forest plots. Pooled meta-analysis of key cardiac mag-
netic resonance imaging phenotypes associated with obesity. Forest 
plots demonstrate that obesity is associated with increased epicardial 
adipose tissue volume, subclinical impairment in myocardial deforma-
tion reflected by reduced LV global longitudinal strain, concentric left 
ventricular remodeling evidenced by higher LV mass-to-EDV ratio, and 
increased stroke volume. Data are shown as standardized mean dif-
ferences with 95% confidence intervals derived from random-effects 
models.

 1467789x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/obr.70194 by Z

hejiang U
niversity, W

iley O
nline L

ibrary on [16/07/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 of 12 Obesity Reviews, 2026

confers equivalent cardiovascular risk, with central adiposity 
and visceral fat burden demonstrating stronger associations 
with adverse cardiovascular phenotypes than BMI alone [34]. 
These processes may contribute to lipotoxic injury, mitochon-
drial dysfunction, impaired myocardial energetics, and progres-
sive structural remodeling [35].

Although LVEF was preserved across studies, the consistent re-
duction in GLS among participants with obesity suggests alter-
ations in myocardial deformation not captured by conventional 
systolic indices. Although impaired GLS is often interpreted 
as evidence of underlying myocardial dysfunction, the mecha-
nisms in obesity are likely multifactorial [36]. Beyond intrinsic 
myocardial processes such as lipotoxicity, inflammation, and 
interstitial fibrosis, emerging evidence suggests that anthro-
pometric and extrinsic mechanical factors may also influence 
strain measurements. Increased abdominal adiposity, greater 
waist circumference, and altered thoracic geometry associated 
with central obesity may impose external mechanical con-
straints on cardiac motion, particularly affecting longitudinal 
deformation. Prior studies, including work on Modified Haller 

index validation and correlation with LV-GLS in a cohort of sub-
jects with obesity and without overt heart disease [37], demon-
strated that waist circumference and thoracic conformation 
independently correlate with impaired GLS even in the absence 
of overt cardiovascular disease. These findings suggest that 
strain abnormalities in obesity likely reflect a complex interplay 
between intrinsic myocardial remodeling and body habitus-
related biomechanical influences [22], which should be consid-
ered when interpreting myocardial deformation in populations 
with obesity.

The significantly higher EFV observed in individuals with 
obesity may represent both a marker and a mediator of cardiac 
dysfunction [38]. Epicardial fat is metabolically active and can 
secrete pro-inflammatory cytokines, contribute to myocardial 
fibrosis, and exert paracrine effects on the adjacent myocardium 
[39]. This adds a mechanistic link between increased EFV and 
subclinical myocardial impairment observed in this analysis 
[40]. Notably, EFV may be modifiable through lifestyle or phar-
macological interventions, also offering a potential therapeutic 
target [41].

FIGURE 3    |    Summary of effect sizes. Integrated summary of cardiac structural, functional, and tissue phenotypes associated with obesity as-
sessed by cardiac magnetic resonance imaging. Obesity was associated with adverse cardiac remodeling, increased epicardial adiposity, and evidence 
of early subclinical systolic dysfunction. Effect estimates are presented as pooled standardized mean differences with 95% confidence intervals de-
rived from random-effects meta-analysis.
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Interestingly, participants with obesity also demonstrated higher 
LV SV, which may be reflective of an early hemodynamic adap-
tation to increased circulating volume and preload, occurring 
before the development of HFpEF. In our analysis SV could only 
be assessed as absolute values, as there were insufficient data to 
allow assessment of indexed values. Although limited by sam-
ple size, our findings hint at higher native T1 and ECV values 
in obesity, suggesting possible diffuse myocardial fibrosis [42]. 
These parameters offer promising noninvasive surrogates for 
myocardial tissue composition but require validation in larger, 
longitudinal cohorts. Their routine integration into CMR pro-
tocols in obesity-focused studies could further comprehensively 
assess early myocardial pathology.

Our findings underscore the need for proactive cardiovascular 
risk stratification in obesity, even in the absence of overt car-
diovascular disease. The detection of concentric remodeling, 
subclinical systolic dysfunction, and epicardial adiposity using 
CMR may offer prognostic value and guide earlier intervention 
strategies. Importantly, these changes may be reversible; prior 
studies have shown improvements in myocardial strain and 
LV mass with weight loss [43], bariatric surgery [44], and car-
diometabolic therapies such as SGLT2 inhibitors [45] and GLP-1 
receptor agonists [46].

A prior meta-analysis has examined the impact of obesity on 
cardiac function by echocardiography and has yielded variable 

TABLE 3    |    Meta-analysis summary. Summary of pooled meta-analysis results comparing cardiac magnetic resonance imaging-derived structural, 
functional, and tissue characterization parameters between individuals with obesity and comparator groups. Effect estimates are presented as 
standardized mean differences with corresponding 95% confidence intervals using random-effects models.

Meta-analysis summary table Number of studies Result SMD 95% CI p I2 (%)

LVEF 17 −0.019 −0.161, 0.124 0.799 58.23

LVESVI 6 0.076 −0.193, 0.345 0.580 68.64

LVEDVI 9 0.118 −0.076, 0.311 0.233 59.63

LVMI 11 0.327 0.126, 0.528 0.001 72.58

LVM/EDV ratio 7 0.508 0.269, 0.746 < 0.001 49.33

LV stroke volume 8 0.403 0.202, 0.605 < 0.001 43.49

LV-GLS 8 −0.435 −0.67, −0.20 < 0.001 70.06

LV GRS 7 −0.367 −0.846, 0.111 0.132 92.26

LV GCS 8 0.216 −0.089, 0.758 0.121 90.78

RVEF 5 −0.071 −0.194, 0.053 0.261 0

LAVI 5 0.165 −0.380, 0.711 0.594 91.39

LAEF 3 −0.120 −0.494, 0.253 0.526 43.28

EFV 5 0.74 0.46, 1.01 < 0.001 57

ECV 4 0.488 −0.202, 1.713 0.122 96.74

T1 4 0.686 −0.271, 1.644 0.160 96.91

TABLE 4    |    Meta-regression. Meta-regression analyses evaluating study-level clinical and cardiometabolic moderators associated with 
heterogeneity in cardiac magnetic resonance imaging-derived measures of myocardial strain and left ventricular remodeling across obesity studies. 
Regression coefficients are presented with corresponding 95% confidence intervals and p-values.

Moderator variable
GLS—coefficient 

(95% CI)
LV Mass—

coefficient (95% CI)
LV mass/EDV—

Coefficient (95% CI) GLS—p
LV 

Mass—p
LV mass/
EDV—p

Age (years) 0.002 (−0.03 to 0.03) −0.02 (−0.05 to −0.01) 0.01 (−0.02 to 0.03) 0.91 0.04 0.50

BMI −0.1 (−0.18 to −0.02) −0.01 (−0.1 to 0.1) −0.03 (−0.12 to 0.04) 0.02 0.93 0.43

DBP (mmHg) 0.02 (−0.02 to 0.08) −0.01 (−0.05 to 0.05) 0.02 (−0.06 to 0.1) 0.30 0.96 0.61

HDL — −3.6 (−9.4 to 1.7) — — 0.18 —

LDL — −0.9 (−1.7 to −0.1) — — 0.02 —

SBP (mmHg) −0.01 (−0.07 to 0.06) 0.01 (−0.05 to 0.07) −0.01 (−0.1 to 0.9) 0.89 0.66 0.85

Total cholesterol — −0.6 (−1.3 to 0.1) — — 0.05 —
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findings due to limitations in image quality and strain reproduc-
ibility [47]. Our study provides a comprehensive assessment by 
leveraging CMR, the gold standard for cardiac morphology and 
tissue characterization. The inclusion of over 1300 participants 
with obesity and a broad range of CMR metrics enhances the 
robustness and generalizability of our findings.

Meta-regression analysis provided further insight into the vari-
ability of CMR-derived phenotypes across studies. BMI emerged 
as a significant effect modifier for GLS, with higher BMI associ-
ated with attenuation of GLS impairment. These findings poten-
tially suggest that individuals with moderate obesity exhibited 
greater impairment in strain, whereas those with more severe 
obesity showed relatively less difference compared to controls. 
This attenuated association in higher BMI ranges may reflect 
competing physiological effects: In early or moderate obesity, 
myocardial strain may be more sensitive to the onset of met-
abolic stress and inflammatory signaling, whereas in severe 
obesity, factors such as increased blood volume and preload 
may mask systolic dysfunction by augmenting longitudinal 
fiber stretch. Additionally, age and LDL cholesterol levels were 
inversely associated with LV mass index differences between 
groups, suggesting that age-related remodeling or lipid-lowering 
therapy in older or high-risk cohorts may influence the degree of 
structural adaptation. Notably, no significant moderators were 
identified for the LV mass-to-EDV ratio, supporting the robust-
ness of concentric remodeling as a consistent obesity-related 
phenotype, independent of demographic or cardiometabolic fac-
tors. Collectively, these findings underscore the heterogeneity in 
cardiac responses to obesity and emphasize the need for indi-
vidualized risk stratification that accounts for comorbid burden 
and body composition rather than BMI alone.

Despite the insights gained, several important questions re-
main. Longitudinal studies are needed to determine whether 
these structural and functional alterations translate into adverse 
cardiovascular events. It also remains unclear whether specific 
phenotypes, such as metabolically healthy obesity, exhibit sim-
ilar degrees of cardiac remodeling. Furthermore, sex-specific 
and ethnic-specific data are needed to address potential dispari-
ties in obesity-related cardiac risk.

There were several limitations identified in this study. Firstly, 
there was marked heterogeneity observed in several of the pooled 
analyses, reflecting some differences in study populations, CMR 
acquisition protocols, and analytic techniques. Although meta-
regression was conducted to explore sources of heterogeneity, 
only a few study-level covariates were significantly associated 
with effect size variation. For instance, BMI was a significant 
modifier for GLS and LVEF, and both age and LDL levels influ-
enced LV mass index differences. However, these findings are 
based on aggregate study-level data, limiting causal inference. 
Secondly, although all studies used CMR, differences in image 
acquisition (i.e., 1.5 T vs. 3 T scanners), postprocessing platforms, 
and strain quantification methods may introduce systematic vari-
ability. Additionally, all included studies were cross-sectional in 
nature, precluding temporal relationships. Therefore, although 
obesity is associated with adverse cardiac phenotypes, tempo-
rality and progression over time cannot be determined. Thirdly, 
there was underreporting of some key covariates across the stud-
ies. For example, was limited data on several CMR-derived tissue 

characterization metrics such as native T1 and ECV, which were 
only reported in a small number of studies. Finally, although fun-
nel plot inspection did not reveal major asymmetry, the number of 
included studies per parameter was often small, limiting the sen-
sitivity of publication bias detection methods such as Egger's test.

5   |   Conclusions

Obesity is associated with a distinct pattern of adverse cardiac 
remodeling characterized by concentric left ventricular remod-
eling, increased epicardial adiposity, and altered myocardial 
deformation detectable by CMR imaging. The findings of this 
study suggest that obesity-related cardiovascular injury extends 
beyond excess body mass alone and may reflect complex interac-
tions between adipose tissue biology, ectopic fat deposition, and 
early myocardial remodeling. Future longitudinal studies are 
needed to determine whether these phenotypic abnormalities 
predict adverse cardiovascular outcomes and represent revers-
ible therapeutic targets.
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