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Word Count: 4161

Abstract

Background: Cardiometabolic conditions including hypertension, diabetes, hyperlipidaemia and
obesity are significant risk factors for cardiovascular diseases. Myocardial fibresis (MF) is a
complication and final common pathway of these conditions, potentially-leading to heart failure,
arrhythmias and sudden death. Existing reviews explored pathophysiological changes and
treatment of MF, but the global prevalence of MF among individuals with cardiometabolic

conditions remain limited.

Objectives: To evaluate the global prevalence of MF in individuals with cardiometabolic

conditions and explore factors influencing.its rate.

Methods: CINAHL, Cochrane Library, Embase, PubMed, ProQuest Theses and Dissertations,
Scopus, and Web of Science were systematically reviewed until January 2024. Studies included
individuals with hypertension, type 2 diabetes mellitus, hyperlipidaemia, and obesity, with MF
prevalence assessed via biopsy or Late Gadolinium Enhancement-Cardiac Magnetic Resonance
(LGE-CMR):" Meta-analysis was conducted using jamovi and factors associated with MF were

synthesised narratively. This review is registered on PROSPERO, CRD42024544632.

Results: The meta-analysis included 52 articles involving 5,921 individuals. 32.7% of individuals
with cardiometabolic conditions developed MF, with hypertension demonstrating the highest

prevalence [35.2%(95%CI:25.5-45.0)]. Biopsy-based studies reported a higher prevalence
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[75.6%(95%CI1:53.6-97.6)] compared to LGE-CMR studies [26.8%(95%CI:20.6-33.0)]. Key
factors associated with MF included increased LV mass/ LV hypertrophy, reduced LV function,
and myocardial stiffness.

Conclusions: This first global review estimates that one-third of individuals with cardiometabolic
conditions develop MF, with the rate expected to rise. Standardized CMR measures cut-offs are
needed to address prevalence inconsistencies. Future research should explore MF prevalence using
diverse samples, combined CMR measures, considering socio-demographicand clinical factors

for more accurate estimates.

Lay Summary:

About one in three people with high blood pressure, “diabetes, high cholesterol, and obesity

develop myocardial fibrosis (MF)—a type of heart tissue scarring which disrupt normal heart

function, increasing the risk of heart failure, life-threatening heart rhythms, and even death.

e Different methods to assess MF. (such as biopsies versus heart imaging) led to variations in
reported rates, largely due to limitations in heart imaging for detecting certain types of MF.

e Future research. should explore how common MF is across different populations. Using a
combination of advanced heart imaging techniques and considering patient characteristics such
as=medical history and clinical details could help provide more accurate insights into this

condition and how to manage it.

Keywords:
Cardiometabolic risk factors, myocardial fibrosis, cardiac magnetic resonance, late gadolinium

enhancement, endomyocardial biopsy, prevalence
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Abbreviations:

BMI: Body mass index

CAD: Coronary artery disease
CMR: Cardiac magnetic resonance
CVD: Cardiovascular disease
ECM: Extracellular matrix

ECV: Extracellular volume

LV: Left ventricle

MI: Myocardial infarction
PRISMA: Preferred reporting items for systematic reviews and meta-analyses
T2DM: Type 2 diabetes mellitus

Introduction

Cardiometabolic conditions represent a constellation of diseases including hypertension, diabetes,
hyperlipidaemia and obesity that are risk factors for cardiovascular diseases (CVD)[1]. The rising
prevalence of cardiometabolic conditions have emerged as a leading global health concern due to
worrying trends of morbidity and mortality worldwide [2]. Cardiometabolic conditions are closely
interrelated and often‘occur in tandem, suggesting a co-pathogenesis of metabolic abnormalities
[3] that lead to adverse health outcomes. Among various complications associated with
cardiometabolic conditions, myocardial fibrosis stands out as a critical pathological process with

significant.clinical implications [4-6].

Myocardial fibrosis is characterised by the expansion of the myocardial interstitium due to the
excessive accumulation of extracellular matrix (ECM) [7]. This results in increased matrix
stiffness leading to abnormalities in cardiac function [8]. From a histological perspective,

myocardial fibrosis can be classified into two subtypes: 1) replacement fibrosis, where
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macroscopic collagen-based scar form in response to cardiomyocyte death, and 2) interstitial
myocardial fibrosis characterised by microscopic deposition of ECM proteins in interstitial areas
without directly association with cardiomyocyte death [9]. Replacement and interstitial fibrosis
often co-exist and are constant features of pathologic cardiac remodelling, a common complication
of cardiometabolic conditions [10]. Therefore, myocardial fibrosis is considered .an integral
component of various CVD and significant independent predictor of adverse cardiac outcomes

including heart failure, arrhythmias and sudden death [9].

Traditionally, myocardial fibrosis is evaluated by histopathological analysis of endomyocardial
biopsy or autopsy specimens, which remains the gold“standard for its identification and
quantification [9]. The extent is quantified by measuring collagen volume fraction. Currently,
cardiac magnetic resonance (CMR) has.emerged as the new gold-standard for non-invasive
imaging to evaluate the extent and characteristics of myocardial fibrosis [11]. Late gadolinium
enhancement (LGE) imagingis utilised to detect replacement fibrosis while interstitial fibrosis can
be assessed through ~validated” T1 mapping approaches including native T1, myocardial

extracellular volume (ECV) fraction and indexed ECV/indexed interstitial volume [12,13].

Despite its clinical importance and prognostic value, the global prevalence of myocardial fibrosis
in individuals with cardiometabolic conditions has not been quantified. Existing and ongoing
prevalence reviews have primarily focused on other populations such as intensive endurance
athletes [14], patients with aortic stenosis [15] and individuals with human immunodeficiency
viruses [16]. The reviews involving cardiometabolic conditions specifically examined the

association between myocardial fibrosis and diabetes [17,18]. Understanding the prevalence of
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myocardial fibrosis in individuals with cardiometabolic conditions is crucial for early detection,
risk stratification and treatment which are essential to delay the progression of CVD and reduce

mortality.

To address these gaps in the literature, this review aims to (1) evaluate the global prevalence of
myocardial fibrosis in individuals with cardiometabolic conditions and (2) explore factors
influencing its prevalence. By contributing to the current literature, this review seeks to inform the
international community and support the development of better management strategies for

cardiometabolic conditions and improved patient outcomes.

Methods

This review was reported according to to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines [19]. The PRISMA 2020 checklist was used to improve
transparency in systematic reviews (Supplemental Table 1). The study protocol was registered in
the PROSPERO database under registration number CRD42024544632. We incorporated a
narrative synthesis to explore additional factors associated with myocardial fibrosis, that was not

specified in the registered protocol for a more comprehensive analysis.

Eligibility Criteria
The eligibility criteria developed based on the mnemonic CoCoPop (Condition, Context,
Population) [20] is presented in Supplemental Table 2. We included studies that (1) measured

myocardial fibrosis prevalence as an outcome (for observational studies) or baseline myocardial
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fibrosis (for experimental studies), (2) identified myocardial fibrosis by either biopsy or LGE-
CMR techniques, and (3) recruited a population of individuals with any cardiometabolic conditions
(hypertension, type 2 diabetes mellitus (T2DM), hyperlipidaemia, and obesity) from any setting,
including those with existing CVD. This review included both published and unpublished
experimental and observational studies (cross-sectional, case-control and cohort studies) in the

English language. Qualitative studies, case reports/series and reviews wereexcluded.

Study Design and Search Strategy

Three databases were searched for similar and ongoing systematic reviews to prevent duplication:
(1) JBI Database of Systematic Reviews and Implementation Reports, (2) Cochrane Database of
Systematic Reviews, (3) PROSPERO. A three-step comprehensive search strategy was employed
following the preliminary search. First;>we conducted an extensive search in seven databases,
including Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane
Library, Excerpta Medica DataBASE/(Embase), PubMed, ProQuest Theses and Dissertations,
Scopus, and Web of Science without publication time frame limitation, from inception to January
2024. Second, we searched on ClinicalTrials.gov for ongoing clinical trials and Google Scholar
for relevant studies. Third, we performed a hand search on reference list of included studies and
similar.reviews to maximise the number of potential studies.

Utilising The Peer Review of Electronic Search Strategies (PRESS) checklist [21], the search
strategy was created by the research team then peer-reviewed by the university librarian
(Supplemental Table 3). Both free-text and controlled (e.g. MeSH or Emtree) search terms were

adapted according to the syntax rules of each database and combined with Boolean operators.
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Study Selection

Duplicate records were electronically and manually removed using EndNote X21 reference
management tool [22]. The title and abstract of studies were screened independently for relevance
by two reviewers (YTM, AS). The records were then exported into Rayyan web [23] for further
screening. Kappa statistics was calculated to determine the interrater agreement between the
reviewers, where a score of greater than 0.4 is acceptable [24]. Discrepancies were resolved

through discussion with a third reviewer (WW).

Data Extraction

Details about the study details, study characteristics (geographical location, study design, study
population, participants’ mean/median age, sample size, number of male/female), measurement
used to identify myocardial fibrosis, type of fibrosis, prevalence of myocardial fibrosis, and factors
associated with myocardial fibrosis were extracted independently by two reviewers (YTM, AS).
Discrepancies was resolved through discussion with a third reviewer (WW) and authors was

contacted via email for-clarifications and additional information.

Individual Quality Assessment

The methodological quality of each included study was appraised independently by two reviewers
(YTM, AS) using the adapted risk of bias assessment tool developed by Hoy et al. [25]. The
instrument consists of ten dichotomised items (low versus high risk of bias), with four items
evaluation external validity and six items evaluating internal validity, with a range of scores from
0 to 10 (Supplemental Table 4). The item on the length of the shortest prevalence period was not

assessed in our study as it was not applicable. Our team assigned a score either as 0 (low risk) or
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1 (high risk) to each item. Studies are rated low risk (score 0-3), moderate (score of 4-6), and high
risk (score 7-9), based on a previous study [26]. A third reviewer (WW) was consulted in cases of

disagreements.

Publication bias
We examined publication bias in meta-analyses with ten or more trials {27] using the jamovi
software package [28]. To detect publication bias, we analysed the asymmetry of funnel plot [29]

and conducted Egger’s regression asymmetry (p<0.10) [30].

Statistical Analysis
The meta-analysis was conducted using the jamovi software package [28]. Prevalence was

calculated using the following formula:

Number-of .individuals with myocardial fibrosis (n)

Prevalence (p) = ——
Total number of individuals sample (N)

With high heterogeneity between studies [31], we chose the Maximum Likelihood estimation of
random-effects model [32] to pool study-specific estimates and derive prevalence estimates of
myocardial fibrosis, which were presented using forest plots. Raw proportion was chosen as the
effect size model measure. The pooling of data was accompanied with 95% CI, and the overall
prevalence estimates were determined using Z-statistics at the 0.05 level of significance [33]. The
Tau?, 7and Cochran Q tests were performed to analyse the statistical heterogeneity of prevalence
estimates [34]. The I? values were interpreted as follows: <40% indicating unimportant
heterogeneity, 30-60% indicating moderate heterogeneity, 50-90% indicating substantial

heterogeneity, and >75% indicating considerable heterogeneity [35].

Subgroup Analysis

10
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Given the significant statistical heterogeneity observed across the included studies, we conducted
subgroup analyses to identify the variables explaining this heterogeneity and influencing
prevalence. The following pre-specified study-level characteristics: geographical location (Europe
versus (vs) Asia vs North America/Oceania), country income (middle vs high income, based on
the  World Bank classification), population  (hypertension  vs. T2DM  vs
obesity/hyperlipidaemia/mixed population), measure (biopsy vs LGE-CMR), mean/median age
(under 50 vs at least 50 years old) and risk of bias (low vs moderate) were included in the subgroup
analysis. Age-dependent changes lead to interstitial extracellular” matrix deposition, causing
myocardial fibrosis [7]. Since middle age is generally defined as 40 to 60 years [36], 50 was chosen
as the cutoff. The Q difference between subgroup differences was calculated by weighting effect
sizes to test for group differences in prevalence estimates while accounting for both within and

between-subgroup variances [35]. A p-value <0.05 indicated a significant subgroup difference.

Results

A total of 53,115 records were retrieved from seven databases. After removing 26,245 duplicates
electronically -and manually, 26,870 records underwent title and abstract screening. Subsequently
172 full-text reports were shortlisted for full-text retrieval, of these 124 records were excluded for
various reasons (Supplemental Table 5). Four eligible studies were identified via other methods.

Finally, atotal of 52 studies were included in this meta-analysis as presented in Figure 1. Reviewer

agreement on study selection was substantial (x=0.61).

11
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ProQuest Theses & Dissertations (n

=267)

PubMed (n = 14939)
Scopus (n = 10424)

Web of Science (n=9766)
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(n=26245)
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Citation searching (n=7)
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Reports not retrieved
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(n=5)

Reports not retrieved
(n=0)
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(n=:172)
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v
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Studies included in review
(n=52)

v

Reports excluded (n=124):

Wrong population (n=56)

Reports assessed for eligibility
(n=3)

Reports excluded:
Wrong population (n=1)

Wrong publication type (n=26)
Wrong outcome (n=20)

Wrong study design (n=15)
Ongoing study (n=4)

Wrong language (n=3)

Figure 1. PRISMA 2020 Flow Diagram of Included Studies in the Meta-Analysis of Myocardial Fibrosis among Individuals with

Cardiometabolic Conditions.
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Characteristics of Included Studies

The review included 52 studies involving 5,921 individuals with cardiometabolic conditions across
16 countries (Table 1). Most included studies were conducted in Europe (number of studies, k=26),
followed by Asia (k=20), North America (k=5) and Oceania (k=1). Participants -wete mainly
recruited from hospitals (k=24), outpatient clinics (k=11), communities (k=1), or.a combination
(k=2), while 14 studies did not report recruitment settings. The studies were primarily cross
sectional (k=34), with others being case control (k=8), and cohort«(k=10). The study population
had cardiometabolic conditions such as hypertension (k=28), T2DM (k=20), obesity (k=4),
hyperlipidaemia (k=1), or combination of these (k=1). Interestingly, majority of the studies (k=32)
also reported the presence of additional cardiometabolic ‘conditions in some participants alongside
their primary target population. Participants’ mean body mass index (BMI) ranged from 23.6 to
35.6m?/kg, with one-fifth of the studies reporting a BMI greater than 30m?/kg, indicative of
obesity. Two studies provided prevalence data for two different populations. Sample sizes ranged
from 9 to 1644, with mean ages between 30.9 and 74.3 years. Myocardial fibrosis, mainly focal
and interstitial fibrosis was measured using the LGE-CMR technique (k=45) and endomyocardial

biopsy (k=7) respectively.

Risk of Bias Assessment

The individual risk of bias assessment is presented in Supplemental Table 6. Scores ranged from
1 to 4, with a median score of 3. Only five studies had an overall moderate risk of bias, each scoring
4. The remaining 47 studies had an overall low risk of bias with scores ranging from 1 to 3. None

of the studies received a score of 0. All but one study [37] was rated as high risk for the domain

13
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on selection for the domains. Only one study was rated high risk for non-response bias [38]. All
studies were rated low for measurement bias. Five studies were rated as high risk for data analysis

bias.

Table 1. Summary of Characteristics of Included Studies in the Meta-Analysis of the Prevalence

of Myocardial Fibrosis among Individuals with cardiometabolic conditions.

Study
Pqpulat BMI
ion/ Age Propor [Mean
Count Stud Duratio [Mean . Presen Ris
tion of (Sb)/ MF Type
Author ry/ y nof CC (SD)/ ce of . k of
. . . Male/ Media Measu of n/N .
(Year) Settin Desi [Mean Median Femal other n re MF bia
g egn (SD)/ (Range e (%) CC (Rang s
Median )l Y
(Range)
]
Ahmed  United Cros Obese/ 48(17) 70/30 Yes NR Biopsy NR 10/1 Lo
et al. States/ s NR (HTN) (Autop 0 W
(1997) Hospit  secti sy)
al onal
Al- United Cros T2DM/® [HbAl 89/11 Yes [HbA1 LGE Foca 4/47 Lo
Badri et States/ s NR C] (HTN) (] 1 W
al. Outpat  secti <6.5: <6.5:
(2018) ient onal 66(61— 29.1
Clinic 72); (24.2-
6.5- 34);
7.5:67(6 6.5:
2-71); 33.2(2
>7.5: 8.9-
64(59— 37.4),
69) >7.5:
32.7(2
7.8-
37.5)
Anderso Germa Cros HTN/ 62.65(1 35/65 NR NR LGE Foca 9/20 Lo
netal. ny/ s >1year 2.6) 1 w
(2009) NR secti
onal
Arcari Germa Cros HTN/ 54(16)  56/44  Yes 28(2) LGE Foca 34/1 Lo
et al. ny/ s NR (T2D 1 63 W
(2020) Hospit  secti M,
al onal HLD)
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Hospit onal  dysfunct
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Brillaet Germa Cros HTN/ 60(9) 69/31 NR NR Biopsy« Diff 97/9 Lo
al. ny/ NR s >5 (Endo- use 7 w
(2003) secti  years myocar inter
onal dial) stitia
1
Chenet Germa Cros HTN 63(12)  64/36 Yes 31(5) LGE Foca 21/5 Lo
al. ny/ s (Resista (T2D 1 0 w
(2023) NR secti  nt) with M,
onal  dyspnoe HLD)
aor
angina/
NR
Dattani  United Cros T2DM 70(63—  79/21 Yes 30.1(5. LGE Foca 32/5 Lo
et al. Kingd s with 75) (HTN, 2) 1 6 W
(2023) om/ secti  aortic HLD)
Hospit onal  stenosis/
al (Sec NK
onda
ry
anal
ysis)
Dennis  Austral. Case T2DM/  61(56— 61/39 Yes 28 LGE Foca 11/4 Mo
et al. ia/ - 11.2(6.7 63) (HTN) (26— | 9 der
(2022) Outpat contr -20.1) 32) ate
ient ol
clinic
Duce et . United Cros T2DM/  63(8) 56/44 Yes 30(6) LGE Foca 3/55 Lo
al. Kingd s 9(6.2) (HTN) 1 w
(2015a)  om/ secti
Outpat  onal
ient
clinic,
Comm
unity
Duceet United Cros T2DM 65(7) 76/24  Yes 31(4) LGE Foca 9/34 Lo
al. Kingd s with (HTN) 1 W
(2015b) om/ secti  CVD/
Outpat  onal
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ient 10.4(4.7
clinic, )
Comm
unity
Edward United Case HTN/ 57(10)  56/44 NR 28(5) LGE Foca 1/43 Lo
s et al. Kingd - NR 1 W
(2015) om/ contr
Outpat ol
ient
clinic
Elliottet United Coh T2DM/  60(8) 51/49 Yes 31(6) LGE Foca. 9/70. Mo
al. States/  ort NR (HTN, 1 der
(2019) Outpat HLD) ate
ient
clinic
Ferreira United Case HTN/ 55(7) 64/36 No 27.1 LGE Foca 2/14 Lo
et al. Kingd - NR 1 w
(2016) om/ contr
Hospit ol
al
Frustaci  Italy/ Coh HTN 52(11) 76/34  NR NR Biopsy NR 17/4 Lo
et al. Outpat  ort with LV (Endo- 5 w
(2013) ient dysfunct myocar
clinic ion/ dial)
> 1 year
Gallo et France Case HLD/ 48.9(5.0..58/42 Yes 25.4(4. LGE Foca 5/72 Lo
al. / - 30.9(11. ) (HTN) 3) 1 w
(2021) Hospit contr 2)
al ol
Gao et China/ Case T2DM/ . 55.5(11. 31/69 Yes 23.7(3. LGE Foca 0/15 Lo
al. Hospit - NR 8) (HLD) 1) 1 6 w
(2021a) al contr
ol
Gao et China/ Cases T2DM 61.5(9.1 61/39 Yes 25.3(3. LGE Foca 28/4 Lo
al. Hospit - with MI/ ) (HLD) 4) | 6 w
(2021b) al contr = NR
ol
Heetal. China/ Coh+ Obese/ 45(11) 74/26 Yes 31(3) LGE Foca 3/24 Lo
(2023a) Hospit ort NR (HTN, | w
al DM,
HLD)
He et al.. China/ Coh  Obese 46(14)  75/25 Yes 31(2) LGE Foca 29/8 Lo
(2023b) Hospit ort with (HTN, 1 2 w
al heart DM,
failure/ HLD)
NR
Hinojar  United Cros HTN 54(13)  65/35 NR NR LGE Foca 16/6 Lo
et al. Kingd s with 1 9 W
(2015) om, secti  LVH/
Germa onal NR
ny,
Austral
ia/ NR
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Hostiue Roman Case T2DM/  NR(56- 60/40 NR NR Biopsy Diff 10/1 Lo
et al. ia/ NR - NR 73) (Autop use 0 W
(2013) contr sy) inter
ol stitia
1
Iyer at Singap Coh  HTN/ 58(11) 61/39  Yes 26.4(4. LGE Foca 145/ .Lo
al. ore/ ort 10(9) (DM, 5) 1 7864w
(2022)  Hospit HLD)
al
Jianget China/ Cros HTN 54.4(15. 75/25 Yes NR LGE Foca 15/4 Lo
al. NR s with 3) (DM, 1 4 W
(2018) secti  LVH/ HLD)
onal NR
Jiang et China/ Case T2DM/  56.2(12. 37/63 Yes 23.6(2. LGE Foca 7/13 Lo
al. Hospit - 8.0(3.0- 0) (HTN) 7) | 5 W
(2020) al contr 12.0)
ol
Khan et United Case T2DM/  31.8(6.6 45/55 NR 33.9(5. LGE Foca 6/20 Lo
al. Kingd - 4.7(4.0) ) 8) 1 w
(2014a) om/ contr
Outpat ol
ient
clinic,
Hospit
al
Khanet United Case Obese/ 30.9(5.6..60/40 . NR 33.4(2. LGE Foca 1/10 Lo
al. Kingd - NR ) 4) 1 w
(2014b) om/ contr
Outpat ol
ient
clinic,
Hospit
al
Khan et United Coh ~T2DM/ 61.5(56 47/53 Yes 29.72 LGE Foca 24/7 Lo
al. States/  ort NR -67) (HTN, 5.9- 1 0 w
(2020)  Hospit HLD) 37.5)
al
Krittaya Thaila® Coh HTN 65(11) 48/52 Yes 25(4) LGE Foca 453/ Lo
phong et nd/ ort with (DM, 1 1644 w
al. Hospit known HLD)
(2010) al or
suspecte
d CAD/
NR
Kuruvill United Cros HTN/ 61(12)  43/57 NR NR LGE Foca 2/23 Lo
aetal. States/ s NR 1 w
(2015) NR secti
onal
Levelt United Cros T2DM/  55(9) 52/48  NR 29.6(5. LGE NA 0/46 Lo
et al. Kingd s 7(1-8) 7) W
(2016) om/ secti
Outpat  onal
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ient

clinic
Lietal. China/ Coh T2DM 55(12)  74/26 Yes 24.5(3. LGE Foca 86/1 Lo
(2024) Hospit  ort with LV (HTN) 9) 1 55 w
al dysfunct
ion &
dilated
LV end-
diastolic
diameter
/NR
Liang et China/ Cros HTN 48.5(16. 89/11 Yes NR LGE Foca '9/35 Lo
al. Hospit s with 3) (DM) 1 W
(2022) al secti LVH/
onal NR
Luneva Russia/ Cros T2DM/  57.5(8.4 46/54 Yes 32.9(6: LGE Foca 22/3 Lo
et al. Outpat s 9.0(5.0- ) (HTN, 5) 1 7 W
(2022a) ient secti  12.0) HLD)
clinic onal
Luneva Russia/ Cros Combin 54.0(8.9 44/56 NA 35.6(2¢ LGE Foca 4/27 Lo
et al. Outpat s ation of ) 7) 1 w
(2022b)  ient secti  any 2:
clinic onal  Obese/
HTN/
T2DM/
T2DM>
1 year,
Obese/H
TN: NR
Mather  United Coh  T2DM/ .« 61(10.8° 91/9 Yes NR LGE Foca 21/2 Lo
et al. Kingd ort NR ) (HTN) 1 2 w
(2010) om/
NR
Puntma Germa Case« HTN/ 55(8) 67/33 NR 26(4) LGE NA 0/39 Lo
nnetal. ny/ - NR w
(2010) Hospit _contr
al ol
Querejet  Spain/' Cros< HTN/ 56(39- 73/27 NR NR Biopsy Diff 26/2 Lo
aet al. Outpat s Non- 70) (Endo- use 6 W
(2000) ient secti  severe myocar inter
clinic onal MF: dial) stitia
5.30(1.4 1
0)
Severe
MF:
9.54(2.7
3)
Redheui France Cros HTN/ 46(13)  45/55 NR 25(3.6) LGE Foca 1/20 Lo
I et al. / s NR 1 W
(2020) Hospit  secti
al onal
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Rodrigu  United Cros HTN 51(15) 50/50 Yes 31(6) LGE Foca 27/1 Lo
esetal. Kingd s with (DM) 1 29 w
(2016) om/ secti LVH
Outpat onal  subset/
ient NR
clinic
Shang et China/ Cros T2DM 54.6(8.6 53/47 NR 24.3(2. LGE NA  0/38 Lo
al. Hospit s with LV ) 7) W
(2017) al secti  diastolic
onal  dysfunct
ion/
7.0
(2.8-
11.0)
Shenet China/ Cros HTN 52.0(12. 76/24 NR 25.0(6. LGE Foca 72/9 Lo
al. Hospit s with LV 7) 3) 1 1 w
(2023) al secti  systolic
onal  dysfunct
ion &
dilated
LV end-
diastolic
diameter
/
6.0 (2.0-
10.0)
Serense Denma Cros T2DM/  59(11) 71/29 Yes 31.1(4. LGE Foca 17/1 Lo
netal. rk/ s 13(8) (HTN, 6) 1 93 W
(2020) Hospit  secti HLD)
al onal
Sugihar  Japan/ Cros HTN 49(8) 68/32  NR NR Biopsy Inter 5/25 Mo
a et al. NR s with (Endo- stitia der
(1988) secti _cardiac myocar | ate
onal ~“complai dial)
nts/ NR
Swobod United Coh = T2DM [Microa 82/18 NR [Micro LGE Foca 17/1 Lo
aet al. Kingd < ort with Ibuminu albumi 1 00 W
(2017) om/ microalb ria] nuria]
Outpat uminuri  Positive Positiv
ient a subset/ e:
clinic Positive:  60.2(12. 29.1(4.
534.4) 7) 6)
Negativ ~ Negativ Negati
e: e ve:
4.6(4.4) 61.1(9.1 28.6(4.
) 0)
Taghavi  Iran/ Cros HTN 50(NR) 80/20 NR NR LGE Foca 5/20 Mo
et al. NR s with 1 der
(2018) secti  heart ate
onal failure/
NR
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Treibel  United Cros HTN 58.5(49. 52/48 NR 29.8(4. LGE Foca 11/4 Lo
et al. Kingd s with 0-65.5) 5) 1 0 w
(2015) om/ secti LVH
Outpat onal  subset/
ient NR
clinic
Von Germa Cros HTN 56(12) 89/11 NR NR LGE Foca 3/9 Lo
Knobels ny/NR s with 1 W
dorft- secti LVH/
Brenken onal NR
hoff et
al.
(2016)
Wang et China/ Cros HTN/ 53.5(13. 93/7 Yes 26.5(4. LGE Foca 40/1 Lo
al. Hospit s NR 8) (DM, 3) 1 34 W
(2017) al secti HLD)
onal
Wang et China/ Cros HTN 45(17) 68/32 Yes NR LGE Foca 33/5 Lo
al. NR s with (DM, 1 9 W
(2024) secti LVH/ HLD)
onal NR
Westaby United Cros HTN 54(16)  56/44  Yes 31(9) Biopsy NR  59/7 Lo
et al. Kingd s with (DM, (Autop 5 W
(2022) om/ secti  LVH Obesit sy)
NR onal  (sudden y)
death)/
NR
Wu et China/  Cros HTN 55(6)* 80/20* NR NR LGE Foca 2/20 Lo
al. NR s with 1 w
(2017) secti LVH/
onal NR
Yang et  China/ Cros HTN/ 48(13) 65/35 NR 25.4(3. LGE Foca 26/7 Mo
al. Hospit s NR 8) 1 9 der
(2023a) al secti ate
onal
Yang et China/ Cros  HTN 52(10)  61/39 NR 25.72. LGE Foca 29/5 Lo
al. Hospit . s with 7) 1 4 W
(2023b) al secti< arrhyth
onal mias/
NR
Yokota  Japan/ Cros HTN [Noctur [Noctu Yes [Noctu LGE Foca 22/4 Lo
et al. Hospit s with nal rnal (DM, rnal 1 7 w
(2013) al secti LVH/ blood blood  HLD) blood
onal NR pressure  pressur pressur
] el el
Dipper:  Dipper Dipper
71.5(10. :74/26 :
7) Non- 24.4(3.
Non- Dipper 3)
Dipper: : 50/50 Non-
74.3(10. Dipper
1) :
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25.1(3.

Zhang China/  Coh T2DM

et al. Hospit  ort with LV

(2023) al dysfunct
ion &
dilated
LV end-
diastolic
diameter
or
stenosis
present
in>1
coronary
artery or
MI or
revascul
arisation
/ NR

55.9(14.
0)

7
8/22

Yes 25.8(4.

(HTN, 2)
HLD)

LGE

Foca
1

114/
158

Lo
W

Zhaoet China/ Cros Obese
al. Comm s with
(2023) unity secti  metaboli
onal ¢
syndrom
e
compon
ent
subset/
NR

38(10)

50/50

Yes 34(6)
(HTN,
HLD)

LGE

Foca
1

9/88

Lo
w

NO oabhwN-=-

BMI = Body Mass Index; CAD = Coronary Artery Disease; CC = Cardiometabolic Conditions; CVD =

Cardiovascular Disease; HLD = Hyperlipidaemia; HTN = Hypertension; LGE = Late Gadolinium

Enhancement; LV=Left ventricle; LVH= left ventricle hypertrophy; MI = Myocardial Infarction; NA =
Not applicable; NR=Not Reported; T2DM=Type 2 Diabetes Mellitus; *values for entire population with

HTN with LVH

Studies labelled with ‘a>and ‘b’ originate from the same study but report data separately for different

population groups.

21

GzZ0z Aenuga gz uo Jasn Aleiqi ab9)j0 plausue Aq ££££208/£80iemz/odlna/ce0 101 /1op/ajo1ue-aoueape/odling/woo dno-olwapese//:sdyy wolj papeojumoq



Global Prevalence of Myocardial Fibrosis among Individuals with Cardiometabolic Conditions
The global prevalence of myocardial fibrosis among individuals with cardiometabolic conditions
was 32.7 (25.4-40.1) using a random-effects as illustrated the forest plot (Figure 2). The analysis
indicated considerable heterogeneity with I? of 99.5% and 72 of 0.08. To address the Significant
heterogeneity, subgroup analyses were performed to explore the sources of heterogeneity in the

prevalence estimates across studies (Table 2).
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2

Study Events Total Proportion 95%-Cl Weight

Ahmed et al. (1997) 10 10 — 1.00 [0.88;1.00] 1.7%
Al-Badri et al.(2018) 4 47 0.09 [0.01;0.16] 1.7%
Anderson et al. (2009) 9 20 — 0.45 [0.23;0.67] 1.5%
Arcari et al. (2020) 34 163 - 0.21 [0.15;0.27] 1.7%
Bhaskar et al. (2023a) 0 155 ; 0.00 [0.00;0.01] 1.8%
Bhaskar et al. (2023b) 27 45 P —— 0.60 [0.46;0.74] 1.7%
Bratis et al. (2014) 0 1= i 0.05 [0.00;0.17] 1.7%
Brilla et al. (2003) 97 97 1.00 [0.99;1.00] 1.8%
Chen et al. (2023) 21 50 - 0.42 [0.28;0.56] 1.7%
Dattani et al. (2023) 32 56 P — 0.57 [0.44;0.70] 1.7%
Dennis et al. (2022) 11 49 — 0.22 [0.11;0.34] 1.7%
Duce et al. (2015a) 3 558 0.05 [0.00;0.11] . 1.7%
Duce et al. (2015b) 9 34 —a 0.26 [0.12;0.41] 1.7%
Edwards et al. (2015) 1 43 = 0.02 [0.00;0.07] 1.8%
Elliott et al. (2019) 9 70 — 0.13 [0.05;0.21] 1.7%
Ferreira et al. (2016) 2 14— 0:14 [0.00;0.33] 1.6%
Frustaci et al. (2013) 17 45 — 0.38 [0.24,052] 1.7%
Gallo et al. (2021) 5 72 0.07 [0.01;0.13] 1.7%
Gao et al. (2021a) 0 156 0.00 [0.00;0.01] 1.8%
Gao et al. (2021b) 28 46 — 061 [0.47;0.75] 1.7%
He et al. (2023a) 3 24 —— 0.12 [0.00;0.26] 1.7%
He et al. (2023b) 29 82 —— 0:35 [0.25;0.46] 1.7%
Hinojar et al. (2015) 16 69 e 0.23 [0.13;0.33] 1.7%
Hostiuc et al. (2013) 10 10 —= 1.00 [0.88;1.00] 1.7%
lyer et al. (2022) 145 786 : 0.18 [0.16;0.21] 1.8%
Jiang et al. (2020) 7 135 = i 0.05 [0.01;0.09] 1.8%
Jiang et al. (2018) 15 44 —— 0.34 [0.20;048] 1.7%
Khan et al. (2014a) 6 20 — 0.30 [0.10;0.50] 1.6%
Khan et al. (2014b) 1 10 = — 0.10 [0.00;0.29] 1.6%
Khan et al. (2020) 24 70 —a— 0.34 [0.23;045] 1.7%
Krittayaphong et al. (2010) 453 1644 0.28 [0.25;0.30] 1.8%
Kuruvilla et al. (2015) 2 28— 0.09 [0.00;0.20] 1.7%
Levelt et al. (2016) 0 468 i 0.01 [0.00;0.04] 1.8%
Li et al. (2024) 86 155 - 0.55 [0.48;0.63] 1.7%
Liang et al. (2022) 9,35 B s 0.26 [0.11;0.40] 1.7%
Luneva et al. (2022a) 22 37 P — 0.59 [0.44;0.75] 1.6%
Luneva et al. (2022b) 4 27 —+— ¢ 0.15 [0.01;0.28] 1.7%
Mather et al. (2010) 21 22 —- 0.95 [0.87;1.00] 1.7%
Puntmann et al. (2010) 0 39+ i 0.01 [0.00;0.05] 1.8%
Querejeta et al. (2000) 26 26 — 1.00 [0.95;1.00] 1.8%
Redheuil et al. (2020) 1 20 &+ 0.05 [0.00;0.15] 1.7%
Rodrigues et al. (2016) 27 129 - 0.21 [0.14;0.28] 1.7%
Shang et al. (2017) 0 38/= : 0.01 [0.00;0.05] 1.8%
Shen et al. (2023) 72 9N —- 0.79 [0.71;0.87] 1.7%
Saerensen et al. (2020) 17 193 = : 0.09 [0.05;0.13] 1.8%
Sugihara et al. (1988) 5 25 —E— 0.20 [0.04;0.36] 1.6%
Swoboda et al«(2017) 17 100 —— 0.17 [0.10;0.24] 1.7%
Taghavi et al. (2019) 5 20 ———— 0.25 [0.06;0.44] 1.6%
Treibel etal. (2015) 11 40 —— 0.28 [0.14;0.41] 1.7%
von Knobelsdorff-Brekenhoff et al. (2016) 3 9 ——#—— 0.33 [0.03;0.64] 1.4%
Wang et al.(2017) 40 134 . 0.30 [0.22;0.38] 1.7%
Wang etal. (2023) 33 59 P —a— 0.56 [0.43;0.69] 1.7%
Westaby et al.(2022) 59 75 — 0.79 [0.69;0.88] 1.7%
Wu et al. (2017) 2 20— 0.10 [0.00;0.23] 1.7%
Yang et al. (2023a) 26 79 —— 0.33 [0.23;0.43] 1.7%
Yang et al. (2023b) 29 54 P 0.54 [0.40;067] 1.7%
Yokata et al. (2013) 22 47 —— 0.47 [0.33;061] 1.7%
Zhang et al. (2023) 114 158 ‘ — 0.72 [0.65,0.79] 1.7%
Zhao et al. (2023) 9 88 0.10 [0.04;0.17] 1.7%
Random effects model 5921 - 0.33 [0.25; 0.40] 100.0%
Prediction interval [0.00; 0.91]

Heterogeneity: 1% = 100%, t° = 0.0826, p = 0 ‘ T ‘ T T ‘
0 02 04 06 08 1

Figure 2. Forest Plot for the Global Prevalence of Myocardial Fibrosis among Individuals with

Cardiometabolic Conditions.
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Table 2. Global and Subgroup Analysis for Prevalence of Myocardial Fibrosis among
Individuals with Cardiometabolic Conditions.

Variables No. of Prevalence I? p- T2 Psubgroup
studies (95%CI)* value
()
Global Analysis 52(5921) 32.7(25.4-40.1) 99.50 <0.001 0.083 -
Subgroup Analysis
Geographical Location
Europe 26 (1532) 33.9(22.2-45.5) 99.09 <0.001 0.099 0.991
Asia 20 (4120) 31.9(22.6-41.3) 9947 <0.001+0.052

North America and Oceania 6 (269) 30.2 (6.0-54.4) 97.13.<0.001 0.087
Country Income

Middle Income 22 (3540) 35.6(25.5-45.8) 99.63 .<0.001 0.070 0.468
High Income 30 (2381) 30.3(19.9-40.6) . 98:63 <0.001 0.085
Population®

Hypertension 28 (3900) 35.2 (25.5-45:0) 98.86 <0.001 0.085 0.444
Biopsy 5268)  67.6(39.5-95.7)..99.06 <0.001 0.100
LGE-CMR 23(3632) 28.0(20:5=35.61) 96.56 <0.001 0.032

Type 2 Diabetes Mellitus 20 (1708)  31.6 (19.2-44.0) 99.68 <0.001 0.090
Biopsy 1(10) - - - -
LGE-CMR 19(1698) 28.7(17.0-40.3) 99.63 <0.001 0.075

Obesity, Hyperlipidaemia, 6 (313) 26.5(4.6-48.3) 97.16 <0.001 0.083
Mixed

Biopsy 1(10) - - - -
LGE-CMR 5(303) 14.9(6.8-22.9)  75.17 0.004 0.007
Measure
Biopsy® 7.(288) 75.6 (53.6-97.6) 98.64 <0.001 0.085 <0.001
LGE-CMR 45 (5633)  26.8(20.6-33.0) 99.07 <0.001 0.049
Mean/Median Age®
=50 years old 42 (5387) 32.5(24.3-40.7) 99.55 <0.001 0.078 0.639
<50 years old 10 (524) 28.3(14.2-42.4) 95.28 <0.001 0.058
Risk of Bias
Low risk 47 (5624) 33.3(25.3-41.3) 99.54 <0.001 0.086 0.658
Moderate-risk 5(297) 27.6(16.8-38.3) 78.73 <0.001 0.014

No. =Number;95% CI = 95% Confidence Interval; I> = Heterogeneity; CMR = Cardiac Magnetic
Resonance; LGE = Late Gadolinium Enhancement

“Model Estimator: Maximum Likelihood; "Population: Two studies with different populations; “Biopsy:
Endoemyocardial biopsy and autopsy; ‘Mean/Median Age: One study with different age groups, Hostiuc et
al. (2013) excluded as age was not reported
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Prevalence of Myocardial Fibrosis by Geographical Location

The highest prevalence of myocardial fibrosis was observed in studies conducted in Europe, with
a rate of 33.9% (95CI1%: 22.2-45.5; 1?=99.1%; 26 studies, N=1532). This was followed by Asia
31.9% (95%CI: 22.6-41.3; 1?=99.5%; 20 studies, N=4120) and North America/Oceania 30.2%
(95%CI: 6.9-54.4; 1>=97.13%; 6 studies, N=269). Subgroup differences across.the regions were

found to be statistically insignificant (p=0.991).

Prevalence of Myocardial Fibrosis by Country Income

The prevalence of myocardial fibrosis was higher in middle-income countries at 35.6% (95%CI:
25.5-45.8; 1°=99.6%; 22 studies, N=3540) compared to high=income countries at 30.3% (95%CI:
19.9-40.6; 1>=98.6%; 30 studies, N=2381). No studies were conducted in low-income countries.

The subgroup differences were statistically. insignificant (p=0.468).

Prevalence of Myocardial Fibrosis by Population

The prevalence of myocardial fibrosis was found to be the highest in individuals with hypertension
at 35.2% (95%CTL. 25.5-45.0; 1’=98.9%; 28 studies, N=3900), followed by T2DM at 31.6%
(95%CI: 19.2-44.0; 1=99.7%; 20 studies, N=1708) and obesity/hyperlipidaemia/mixed population
at 26.5% (95%CI: 4.6-48.3; 1>=97.2%; 6 studies, N=313). Subgroup differences across the

populations were statistically insignificant (p=0.444).

Among hypertensive individuals, myocardial fibrosis prevalence in hypertensive individuals was

67.6% (95%CI:39.5-95.7; 12=99.1%, 5 studies; N=268) using biopsy and 28.0% (95%CI:20.5-

35.61; I’=96.6%, 23 studies; N=3632) using LGE-CMR. In T2DM, myocardial fibrosis prevalence
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using LGE-CMR was 28.7% (95%C1:17.0-40.3; 1>=99.6%, 19 studies; N=1698), and for obesity/
hyperlipidaemia/ mixed population, it was 14.9%(95%CI1:6.8-22.9; 1’=75.2%, 5 studies; N=303).
A pooled estimate for biopsy in T2DM and obesity/hyperlipidaemia/mixed population could not

be obtained due to limited data.

Prevalence of Myocardial Fibrosis by Outcome Measure

The prevalence of myocardial fibrosis was found to be higher in studies utilising biopsy at 75.6%
(95%CI: 53.6-97.6; 1>=98.6%; 7 studies, N=288), compared to those-employing LGE-CMR
technique at 26.8% (95%CI: 20.6-33.0; 1>=99.1%; 45 studies, N=56633). The subgroup differences

were statistically significant (p<0.001).

Prevalence of Myocardial Fibrosis by Mean/Median Age

The prevalence of myocardial fibrosis was higher in studies where the mean or median age was at
least 50 years at 32.5% (95%C1::24.3-40.7; 1°=99.6%; 42 studies, N=5387), compared to those
where the mean or median age was less than 50 years, with a rate of 28.3% (95%CI: 14.2-42.4;
1>=95.3%; 10 studies, N=524). The subgroup differences were statistically insignificant (p=0.639).
The study conducted by Hostiuc et al. [39] excluded from this subgroup analysis as mean/median

age was not reported.

Prevalence of Myocardial Fibrosis by Study Quality

The prevalence of myocardial fibrosis was higher in studies appraised as low risk at 33.3%
(95%CTI: 25.3-41.3; 1>°=99.5%; 47 studies, N=5624), compared to those appraised as moderate risk
at 27.6% (95%CI: 16.8-38.3; 1°=78.7%; 5 studies, N=297). The subgroup differences were

statistically insignificant (p=0.658).
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Factors associated with Myocardial Fibrosis
Cardiovascular risk factors like hypertension [40], T2DM [38] and obesity [41] were associated
with elevated native T1 or ECV, indicative of diffuse myocardial fibrosis (Table 3). However,

hyperlipidaemia was not associated with markers of diffuse myocardial fibrosis.

In these three cardiometabolic conditions, increased LV mass including LV hypertrophy [41-44],
reduced LV function [41, 45-52], myocardial stiffness [41, 50, 52] were associated with CMR
markers of diffuse and replacement myocardial fibrosis . In hypertension, female gender [44],
Afro-Caribbean/Black ethnicity [44], cardiac stress and injury markers [43], epicardial adipose
tissue thickness [53], and a non-dipper blood pressure pattern [54] were associated with presence
of LGE, increased ECV, native T1. In T2DM, male gender [38], metformin treatment [42], poor
glycaemic control [55]; higher glycated haemoglobin [42], longer diabetes duration [38, 45], and,
reduced peak maximal oxygen consumption [38], lower stress-related myocardial blood flow [56],

were associated with presence of LGE or increased ECV.

Publication Bias
Visual inspection of the funnel plot generated suggested relative asymmetry (Supplemental Figure
1). However, the regression-based Egger’s test had a p-value of 0.18, indicating the absence of a

small-studies effect.
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Table 3. Factors associated with Myocardial Fibrosis among Individuals with Cardiometabolic

Conditions
Author (Year) | Study Population Factor(s) Associated with Myocardial Fibrosis
Al-Badri et al. T2DM Poorer glycaemic control is associated with increased in
(2018) indexed ECV (p=0.006).
Anderson et al. HIN Higher LV end diastolic pressure was associated with the
(2009) presence of LGE (p<0.05).
Brilla et al. HTN Greater myocardial stiffness was associated with increased
(2003) collagen volume fraction (p<<0.02).
Chen et al. HTN (Resistant) with | Reduced LV global radial strain was associated with higher
(2023) dyspnoea or angina incidence of LGE.

Dennis et al.

Male gender (p=0.04), duration of T2DM diagnosis
(p=0.02), reduced peak maximal-oxygen consumption
(p=0.01) and metabolites (Choline, Cysteamine) were

(2022) T2DM positively associated with increased ECV, while
metabolite, [soleucine was associated with the presence of
LGE (p=0.04)
Greater LV mass; reduced LV global longitudinal strain
Iyer at al. HTN and elevated circulating markers of cardiac wall stress and
(2022) myocardial injury were associated with the presence of
non-ischemic LGE (p<0.001).
Jiang et al. . Lower LV ejection fraction was associated with increased
(2018) HTN with LVH ECV in the presence of LGE (p=0.002).
Jiang et al. T2DM Lower longitudinal diastolic peak diastolic strain rate is
(2020) associated with increased ECV (p=0.026).
K . Lower peak systolic circumferential strain and early
uruvilla et al. . S . . X .
HTN diastolic circumferential strain rate was associated with
(2015) .
increased ECV.
Treatment with Metformin, higher glycated haemoglobin,
Luneva et al. DM LV hypertrophy, higher tissue inhibitor of
(2022) metalloproteinase 1 levels were associated with the
presence of LGE (<0.05).
Shang etale | DM it LV | 01%) was associaed with
(2017) diastolic dysfunction '

increased ECV.

Serensen et-al.
(2020)

T2DM

Lower stress-related myocardial blood flow was associated
with increased ECV (p<0.001).

Treibel et al.
(2015)

HTN with LVH subset

Presence of LV hypertrophy (<0.0001) and its measures
(higher maximal wall thickness, LV mass index (p<0.001),
as well as higher ratio of early diastolic mitral inflow
velocity to early diastolic mitral annulus velocity in the
lateral wall (p <0.01), higher central aortic pressure (p <
0.01) and higher electrocardiogram voltage sum by Comell
p =0.01) were associated with increased native T1.
Female gender (p<0.05), Afro-Caribbean/blacks
(p<0.00001), LV hypertrophy was associated with higher
ECV.
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Wang et al. HIN Lower LV global function and LV hypertrophy were
(2017) associated with increased ECV (p<0.001).
Wu et al. . Loxyer peak systolic apd early di'astolic circurpferential
(2017) HTN with LVH strain rates were associated with increased native T1 and
ECV (p<0.005).
Yang et al. HTN with arrhythmias | Increased epicardial adipose tissue thickness metrics' were
(2023) subset associated with increased native T1 (p<0.05).
Yokota et al. ‘ Non-dipper pattern (mean npcturnal systolic. BP declinp
(2013) HTN with LVH less than 10% a}nd riser relative to mean daytime systolic
BP) was associated with presence of LGE (p=0.044).
T2DM with LV
dysfunction & dilated
Zhang et al. Ei\;rflgi-;iz)isé(t);rosis Lower LV global peak longitudinal systolic strain rate was
(2023) . associated with the presence of LGE (p=0.033).
presentin > 1
coronary artery or MI
or revascularisation/
Ob . . | Higher LV mass, LV end diastolic volume, LV end systolic
ese with metabolic L ;
Zhao et al. volume as well as.decreased global longitudinal strain and
syndrome component . . ! . o
(2023) subset early diastolicstrain rate were associated with increased
ECV (p<0.001).

ECV = Extracellular Volume; HTN= Hypertension; LGE= Late Gadolinium Enhancement; LV= Left
Ventricle; LVH= Left Ventricle Hypertrophy; T2DM=Type 2 Diabetes Mellitus

Discussion

Based on literature review, ourreview is the first to provide a comprehensive global-level analysis
of myocardial fibrosis prevalence in individuals with cardiometabolic conditions. The review
included 52 studies involving 5,921 individuals across 16 countries. Approximately 1 in 3
individuals with cardiometabolic conditions developed myocardial fibrosis during their lifetime,
with individuals “with hypertension demonstrating the highest prevalence. Our review also
highlighted that the prevalence of myocardial fibrosis was significantly higher in studies that
utilised the biopsy compared to those that employed the LGE-CMR technique. Key factors
associated with myocardial fibrosis across the cardiometabolic conditions included increased LV

mass/ LV hypertrophy, reduced LV function, and myocardial stiffness.

Prevalence of Myocardial Fibrosis by Outcome Measure
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Our review observed significantly higher prevalence of myocardial fibrosis when measured using
endomyocardial biopsies or autopsy compared to LGE-CMR. Endomyocardial biopsies/ autopsies
are the gold standard for identifying and characterising of both replacement and diffuse interstitial
myocardial fibrosis through visualisation and measurement of collagen volume fraction to
determine the extent of fibrosis [12]. However, these invasive methods ‘have low
representativeness and are prone to sampling error, making it less suitable for routine clinical
practice [9], prompting the development of non-invasive methods. LGE-CMR is the gold standard
for non-invasive imaging of replacement fibrosis due to its strong-detection capabilities but has
limitations for diffuse interstitial fibrosis, which requires regions of presumed normal myocardium
for contrast [57]. This highlights the need for standardised cut-off values for diffuse myocardial
fibrosis in advanced CMR measures such as T1 mapping with elevated T1 values, ECV and
indexed interstitial volume to improve-consistency in prevalence estimates across outcome
measures. These techniques, including the novel indexed interstitial volume, has demonstrated
strong correlation with histology {12, 13]. Combining CMR measures of focal and diffuse fibrosis
will better identify different myocardial fibrosis types which often coexist and improve the

prevalence estimates.

Prevalence of Myocardial Fibrosis by Population/ Age

Although statistically insignificant, the prevalence of myocardial fibrosis varied across the
different populations, being highest in individuals with hypertension, followed by those with
diabetes and then obesity/hyperlipidaemia/mixed population. This non-significance may be
attributed to the presence of cardiometabolic multimorbidity, defined as the co-existence of at least

two cardiometabolic conditions [58], which is increasingly prevalent globally [59]. Multi-
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morbidity was commonly observed among the participants, highlighting the interplay between
cardiometabolic conditions. For example, individuals with obesity were more likely to develop
T2DM and hypertension, and were also associated with hyperlipidaemia [60]. In the co-morbidity-
inflammation paradigm, metabolic comorbidities are presumed to drive the development and
severity of CVD like heart failure through processes ranging from systematic.inflammation to
myocardial fibrosis [61]. The Framingham Heart Study supports this, demonstrating that
hypertension, diabetes and obesity interact synergistically to influence cardiac remodelling,
leading to LV hypertrophy [62] and eventually myocardial fibrosis:” Additionally, Pua et al. [63]
found that myocardial fibrosis was significantly higher in individuals with both hypertension and
diabetes compared those with hypertension alone, suggesting acceleration of adverse cardiac
remodelling, beyond the hemodynamic consequences of'elevated blood pressure. Our review also
highlighted other sociodemographic and-clinical. factors such as gender, duration of condition,

comorbidities, treatments that are“associated with myocardial fibrosis and may influence its

prevalence.

Moreover, the non-significance may stem from differences in outcome measurements used across
populations, as‘suggested by our subgroup analysis. A notable discrepancy in prevalence was
observed among hypertensive individuals depending on the measurement method: biopsy (67.6%)
versus LGE-CMR (28.0%). Since diffuse myocardial fibrosis is characteristic of hypertensive
heart disease [64] many studies included could not detect it using LGE-CMR, explaining this
discrepancy. Unfortunately, we could not draw similar conclusions for T2DM and
obesity/hyperlipidaemia/mixed populations due to a limited number of studies. However,
discrepancies are expected in these populations, as they are associated with diffuse myocardial

fibrosis, suggesting a need for further research in these conditions.
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In addition to the ageing heart, which is often associated with LV hypertrophy and myocardial
fibrosis [65], cardiometabolic comorbidity may also contribute to its higher prevalence in studies
with individual with mean/median age 50 and above, though statistically insignificant. This is due
to the increasing prevalence of cardiometabolic comorbidity with age [66]. Zhang et al. [59]
reported that the prevalence of cardiometabolic multimorbidity rose from 5:2% in individuals aged
40 and above to 11.6% in those aged 60 and above. Therefore, the prevalence of myocardial
fibrosis is expected to rise with the growing prevalence of cardiometabolic multimorbidity and

aging population.

Prevalence of Myocardial Fibrosis by Geographical Location/ Country Income

The insignificant differences in myocardial fibrosis prevalence across regions may be due to the
varying prevalence of cardiometabolic. conditions in these regions. For instance, hypertension is
the most prevalent in Africa [67], obesity in the regions of America [68], diabetes in North America
and Middle East [69],-and hyperlipidaemia in Europe [70]. As these cardiometabolic conditions
patterns likely influence the prevalence of myocardial fibrosis, cardiometabolic condition
epidemiology should'be considered when interpreting regional data. Additional factors such as
healthcare access, lifestyle differences and income disparities within these regions may also

contribute to lack of significant difference.

Although not statistically significant, the prevalence of myocardial fibrosis is higher in middle-

income countries compared to high-income countries. (HIC) This is reflected in cardiovascular

mortality rates, where the decline has been greater in HICs (43.4%) than in upper-middle-income
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(27.7%), lower-middle-income (18.9%), and low-income countries (15.4%) [71]. Notably, LMIC
account for 80% of all cardiovascular deaths worldwide [72], significantly influenced by high rates
of cardiometabolic conditions — hypertension (66%) [67], diabetes (80%) [73], obesity (70%) [74]
found in these regions. This disparity may be driven by differences in the management of
cardiometabolic conditions, health system infrastructure, and inequitable access to healthy eating,
active living, and unpolluted environments [75]. Barriers such as poor health literacy, limited
access to healthcare, shortages of trained providers, and weak healthcare systems hinder
prevention, early diagnosis, and timely management of cardiometabolic conditions complications
like myocardial fibrosis [76]. These factors perpetuate major disparities in outcomes
cardiovascular outcomes between LMICs and high-income-countries. This underscores the need
for improved primary and secondary prevention' strategies globally, especially in LMIC.
Contextualizing preventive and curative interventions can help bridge the gap between scientific
knowledge and practice [76], potentially mitigating myocardial fibrosis prevalence and reducing

cardiovascular mortality.

Strengths and Limitations of this review

Our review_has several strengths. This meta-analysis employed subgroup analyses to explore the
sources of heterogeneity and investigated the prevalence of myocardial fibrosis across different
factors, including geographical location, country income, population, measurement technique, age
and risk of bias. We strictly adhered to the PRISMA guidelines and devised a comprehensive

search strategy.
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However, several limitations should be acknowledged. First, we could not account for the
prevalence of interstitial myocardial fibrosis measured by CMR measures like T1 mapping, due to
the lack of a standardized cut-off value for diagnosis, leading to large discrepancies in prevalence
between outcome measures. Second, most studies did not differentiate between ischemic and non-
ischemic LGE. Third, the included studies had small sample sizes, limited.study sites and
countries, which may not be a global representation. Fourth, only studies in English were included,
limiting the generalizability of the findings. Fifth, the pooled prevalence should be interpreted with
caution due to substantial differences in effect estimates and high heterogeneity, likely explained
by variations in study populations and designs. Lastly, subgroup analyses by comorbidities,
cardiometabolic condition duration, treatments, or gender could not be conducted, as these

variables were not consistently stratified or reported across all included studies.

Implications for Future Practice, Policy and Research

Our study highlights the need for policy makers to strengthen national efforts in promoting routine
screening for cardiometabolic conditions and implement contextualised prevention strategies
targeting cardiometabolic multimorbidity. These strategies should emphasize lifestyle
modifications ‘and early diagnosis to prevent myocardial fibrosis and its progression to reduce
adverse cardiac outcomes. This is especially crucial in LMIC, where access to healthy living habits
and healthcare is inequitable. Healthcare providers should develop personalised treatment plans
tailored to patient-specific factors such as age, comorbidities can further enhance the effectiveness

of the management and reduce the prevalence and progression of myocardial fibrosis.
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Future research should focus on the prevalence of myocardial fibrosis using larger sample sizes
and national registries across different geographical regions to enhance global representativeness.
Studies should employ combined CMR measures to assess myocardial fibrosis in individuals with
obesity, hyperlipidaemia, and mixed cardiometabolic conditions, considering the rapid increase,
the interconnected nature of these conditions and co-existence of different myocardial fibrosis
types. Additionally, research in low-income countries is crucial as they bear the highest CVD
burden. Increased data from these regions would raise awareness and inform global, regional, and
national policies. Given the prevalence of myocardial fibrosis in individuals with cardiometabolic
conditions, studies should explore the prognostic value of the different CMR measures with
standardised cut-offs in predicting adverse cardiac events.*Future studies should also report or
stratify myocardial fibrosis prevalence based on socio-demographic and clinic factors such as
duration of cardiometabolic exposure,-comorbidities and treatment history that may impact

myocardial fibrosis prevalence.

Conclusions

This is the first review.to evaluate the global prevalence of myocardial fibrosis in individuals with
cardiometabolicconditions. About one-third of these individuals develop myocardial fibrosis and
this rate is expected to rise due to increasing prevalence of cardiometabolic conditions, worsening
cardiometabolic comorbidity and aging populations globally. Variations in myocardial fibrosis
prevalence by outcome measures highlight the need for standardized CMR measures cut-off, such
as Tl mapping to improve consistency. Our study discusses the potential impact of
cardiometabolic multimorbidity and geographic factors on myocardial fibrosis prevalence and

emphasizes the importance for contextualised primary and secondary prevention approaches for
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cardiometabolic conditions, especially in LMIC countries. Future research should explore
myocardial fibrosis prevalence using diverse population samples, utilise combined CMR
measures, and consider key socio-demographic and clinical factors for more accurate global

estimates, guiding effective policy and resource allocation.
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