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Abstract
Background  The Metabolic Vulnerability Index (MVX) is a novel multi-marker risk score derived from nuclear 
magnetic resonance (NMR) measures and has shown predictive value for mortality in heart failure. Hence, we aimed 
to evaluate the distribution of MVX and its clinical correlates within a clinical trial population and a comparable 
subpopulation of patients with heart failure with reduced ejection fraction and ischemic heart disease within a 
community cohort.

Methods  We studied a clinical trial (2016–2018) and a community cohort (2003–2012), matched based on ejection 
fraction category and presence of ischemic heart failure. NMR LipoProfile analyses of plasma from both populations 
provided measures of valine, leucine, isoleucine, citrate, GlycA, and small high-density lipoprotein particles used to 
compute sex-specific MVX scores. Univariable and multivariable regression models assessed the relationship between 
MVX (modeled continuously), and selected demographic and clinical covariates.

Results  Clinical trial patients (N = 101, median age: 63, 93% male, median EF: 28%) were younger and predominantly 
male compared to the cohort (N = 288, median age: 75, 70% male, median EF: 30%). The median MVX score was lower 
in the clinical trial (50, 42–61) compared to the cohort (66, 58–73). Male sex and hyperlipidemia were linked to higher 
MVX scores in the clinical trial, while obesity and NT-proBNP were linked to lower and higher MVX scores, respectively, 
in the cohort (p <.05). After adjusting for significant covariates from univariable analyses and age in multivariable 
analyses, only the associations between male sex and MVX scores in the clinical trial, and NT-proBNP levels with MVX 
in the cohort remained significant.

Conclusion  This study highlights significant differences in MVX distribution and its clinical correlates between 
a clinical trial and a community cohort despite matched heart failure subtypes. These findings have important 
implications for interpreting and applying the score in diverse study settings.
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Introduction
Given the high burden of heart failure (HF) mortality, 
identifying robust risk stratification tools is crucial [1]. 
High-throughput molecular assays, including metabo-
lomics, have demonstrated the potential to improve HF 
risk stratification [2]. Specifically, the Metabolic Vul-
nerability Index (MVX), a novel multi-marker score of 
metabolic malnutrition and inflammation derived from 
nuclear magnetic resonance (NMR) targeted metabolo-
mics measurements, has demonstrated predictive value 
for mortality in a HF community cohort [3, 4].

Higher MVX scores have been associated with worse 
outcomes in observational cohorts including higher 
overall- and cardiovascular-related deaths [3, 5]. Despite 
these reports, the generalizability of MVX as a robust 
clinical risk assessment tool has yet to be established and 
requires a better understanding of its distribution and 
association with clinical characteristics across different 
study designs and HF populations.

With the aim of assessing MVX in diverse clinical set-
tings, we conducted this study to: (1) evaluate the distri-
bution and clinical correlates of MVX within a clinical 
trial population; and (2) compare the distribution and 
clinical characteristics associated with MVX between the 
clinical trial and a community HF cohort matched based 
on the reduced ejection fraction and ischemic heart dis-
ease criteria.

Methods
The design of the clinical trial (Combination Of meseN-
chymal and c-kit + Cardiac stEm cells as Regenerative 
Therapy for Heart Failure, 2016–2018; clinicaltrials.gov 
Identifier: NCT02501811) which enrolled 125 patients 
has been previously detailed [6]. To study a subset of the 
cohort comparable to the clinical trial population, which 
included patients with ischemic HF and reduced ejection 
fraction (≤ 40%), we selected patients with similar profiles 
from the Rochester Epidemiology Project HF commu-
nity cohort (2003–2012) [7] in whom the MVX had been 
previously assessed (see Fig.  1). Written informed con-
sent was obtained from all participants included in both 

populations. Both studies adhered to relevant regulations 
and were approved by their respective local institutional 
review boards [6, 7].

NMR LipoProfile analyses of stored plasma samples 
collected at enrollment were conducted in both popula-
tions using the 400-MHz Vanter clinical analyzer at the 
National Heart, Lung, and Blood institute using the LP4 
algorithm (LabCorp) [8]. Detailed information on the 
development of the algorithm and its association with 
mortality have been previously reported [3, 5]. Briefly, 
concentrations of valine, leucine, isoleucine, citrate, 
GlycA, and small high-density lipoprotein particles con-
centrations are determined using the NMR scan and 
sex-specific MVX scores are calculated using the LP4 
algorithm. Sex-specific MVX scores are used in line with 
previous reserach to account for known sex differences in 
the levels of metabolite components [3, 5]. MVX scores 
are dimensionless and range from 1 to 100 with a higher 
score indicating greater metabolic vulnerability.

Clinical characteristics including hypertension, diabe-
tes, hyperlipidemia, myocardial infarction, atrial fibrilla-
tion, and stroke were extracted from the patient medical 
and surgical history as part of the clinical trial [6] and 
in the community cohort, the same parameters were 
extracted from patient records by nurse abstractors [7].

The characteristics of both populations were evalu-
ated as frequencies and percentages for categorical 
variables and medians and interquartile ranges for con-
tinuous variables. Regression models assessed the rela-
tionship between MVX (modeled continuously), and 
selected covariates based on descriptive analysis results 
and clinical relevance available in both populations; age, 
sex, obesity (body mass index ≥ 30), history of smoking, 
hypertension, hyperlipidemia, diabetes, cerebrovascu-
lar disease, atrial fibrillation, EF, New York Heart Asso-
ciation (NYHA) Class III/IV, and N-terminal pro-b-type 
natriuretic peptide (NT-proBNP). Age and statistically 
significant covariates associated with MVX (p <.05) in 
univariable models for either population were subse-
quently included in the multivariable analyses. Study-
specific analyses were conducted throughout. Analyses 

Fig. 1  A study population: Description of the clinical trial and community cohort subset selected based on the clinical trial study criteria
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were performed using R software v4.2.1 (R Core Team, 
Vienna, Austria).

Results
Based on inclusion criteria and plasma availability, we 
studied 101 patients out of 125 in the clinical trial, and 
288 patients made up the comparable cohort (based on 
reduced ejection fraction and ischemic heart disease) 
selected from the community cohort metabolomics 
population (N = 1382). Patients in the clinical trial were 

younger and predominantly male (median age: 63, 93% 
male, median ejection fraction: 28%) compared to those 
in the cohort (median age: 75, 70% male, median ejec-
tion fraction: 30%). The prevalence of diabetes, stroke, 
patients in higher NYHA classes, and NT-proBNP levels 
were significantly higher in the community cohort com-
pared to the clinical trial (p <.05). The prevalence of car-
diovascular risk factors (hypertension, hyperlipidemia, 
and smoking) did not differ between the two populations 
(p <.05). Table 1.

The median MVX score was lower in the clinical trial 
(50, 42–61) compared to the community cohort (66, 
58–73) Fig. 2.

In univariable analyses, male sex (β = 15.67, 95% CI: 5.99 
to 25.35, p =.002), and hyperlipidemia (β = 9.82, 95% CI: 
0.45 to 19.19, p =.04), were associated with higher MVX 
scores in the clinical trial. In the community cohort, obe-
sity was linked to lower MVX scores (β = -3.30, 95% CI: 
-5.81 to -0.79, p =.01), while higher NT-proBNP levels 
were associated with elevated MVX scores (β = 4.14, 95% 
CI: 3.26 to 5.02, p <.001). After adjusting for the statisti-
cally significant covariates and age in multivariable analy-
ses, only the positive associations between male sex and 
higher MVX scores in the clinical trial (β = 15.32, 95% 
CI: 5.14 to 25.51, p =.036), and NT-proBNP levels with 
higher MVX in the cohort (β = 4.18, 95% CI: 3.24 to 5.12, 
p <.001) remained significant Table 2.

Discussion
In this study, we evaluated the distribution of MVX and 
its associated clinical correlates in a HF clinical trial 
population and a comparable cohort of patients within a 
HF community cohort. We observed significantly higher 
MVX scores in the cohort compared to the clinical trial, 
despite similar ischemic HF and reduced ejection frac-
tion profiles. Furthermore, the relationships between 

Table 1  Enrollment characteristics of the clinical trial and 
community cohort subset populations
Characteristics Community 

Cohort
Clinical Trial p-value

N = 288 N = 101
Demographics
Age (years) 75 (66, 83) 63 (56, 69) < 0.001
Male Sex 202 (70%) 94 (93%) < 0.001
Body mass index, kg/m2 28(25, 32) 30 (27, 33) 0.015
Medical History
Smoking (Ever) 203 (70%) 68 (67%) 0.600
Diabetes 122 (42%) 31 (31%) 0.045
Hypertension 261 (91%) 84 (84%) 0.069
Hyperlipidemia 275 (95%) 93 (93%) 0.300
Atrial Fibrillation 98 (34%) 32 (32%) 0.700
Stroke 84 (29%) 10 (9.9%) < 0.001
Clinical Presentation
Ejection Fraction, % 30 (24, 35) 28 (23, 32) 0.004
NYHA
  Class I - II 66 (23%) 86 (85%) < 0.001
  Class III - IV 222 (77%) 15 (15%) < 0.001
NTproBNP, pg/mL 14,026 (7,209, 

20,691)
347 (187, 
926)

< 0.001

Values expressed as median (interquartile range) or n (%)

NYHA: New York Heart Association; NTproBNP: N-terminal pro-B type natriuretic 
peptide. Bold values indicate statistical significance

Fig. 2  Distribution of the metabolic vulnerability index (MVX) scores in the clinical trial and cohort
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MVX and key demographic, clinical, and HF character-
istics differed between the two populations. These find-
ings imply distinct population-specific differences in the 
distribution and clinical correlates of MVX with rami-
fications for its interpretation in different clinical and 
community study settings.

Distribution of MVX scores in the clinical trial and 
community cohorts
The median MVX score in the cohort was 66 (58, 73), 
similar to the median score of 65 (60, 72) observed in 
the broader parent HF community cohort [3]. How-
ever, despite selecting a subset of patients with simi-
lar ischemic heart disease and ejection fraction profiles 
as the clinical trial, MVX scores were higher than those 
observed in the clinical trial. Higher MVX scores in the 
cohort possibly reflect the broader range of comorbidities 
seen in a real-world HF setting [4]. In contrast, patients 
enrolled in clinical trials often have stringent inclusion 
criteria and represent a healthier HF population, hence 
the lower MVX scores.

MVX and clinical correlates
No association was found between male sex and MVX 
scores in the cohort unlike in the clinical trial, where a 
positive association was observed. Given a significant 
association between male sex and MVX was previously 
observed in the community cohort [2], the absence of an 
association in the current cohort may be due to limited 
statistical power and/or differences in population charac-
teristics. The significant association observed in the pre-
dominantly male clinical trial population however may 
be a reflection of the influence of sex-specific risk factors.

Multivariable analyses revealed that the associations 
between hyperlipidemia and MVX in the clinical trial, 
as well as between obesity and MVX in the community 
cohort, were attenuated after adjustment, indicating 
the influence of the other covariates. While univariable 
analyses initially showed a positive association between 
hyperlipidemia and MVX in the clinical trial, potentially 
consistent with its role in metabolic dysfunction [9], and 
a negative association for obesity defined by body-mass 
index in the community cohort which could imply a dis-
tinct phenotype in which excess weight is not directly 
linked to increased metabolic vulnerability [10]. This 
underscores the complex interplay of covariates influ-
encing MVX across populations and highlights the need 
for further research to uncover the mechanisms linking 
hyperlipidemia, obesity, and metabolic vulnerability.

Notable differences across the clinical trial and com-
munity cohort populations were observed when evalu-
ating the associations between MVX and markers of HF 
severity, specifically NT-proBNP levels and NYHA Class. 
Although the cohort had a higher prevalence of NYHA Ta
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III/IV classes and higher NTproBNP levels, MVX was 
positively associated with NT-proBNP in this popula-
tion but showed no association in the clinical trial, pos-
sibly due to differences in the patient characteristics. 
These findings imply that the variability in HF sever-
ity, as indicated by NT-proBNP levels [11], may impact 
the relevance of risk assessment tools like MVX across 
populations. The positive association observed between 
NT-proBNP and MVX in the cohort underscores the 
link between higher metabolic vulnerability and more 
advanced HF, as NT-proBNP is a recognized marker of 
cardiac stress and HF severity [12].

Altogether, these results highlight the value of con-
sidering heterogeneity across study designs and popula-
tions when evaluating new biomarkers and risk scores. 
Previous reports have shown the importance of assess-
ing and validating established HF risk scores such as the 
Meta-Analysis Global Group in Chronic Heart Failure 
Risk Score and the Seattle Heart Failure Model in dif-
ferent populations [13, 14]. Evaluating risk scores across 
different settings enhances their generalizability and pro-
vides key insights into how they may need to be adapted 
for specific populations and clinical contexts to optimize 
predictive performance. By considering variations in dis-
ease severity and prognosis across patient cohorts, future 
studies can provide information to refine tools such as 
the MVX to improve heart failure risk assessment.

While the final role of MVX in the clinical practice 
remains to be fully defined, previous cohort studies have 
demonstrated its predictive value and its ability to cap-
ture key domains in heart failure progression —inflam-
mation and metabolic malnutrition and its incremental 
predictive values over know prognostic markers in HF 
[3, 4, 5]. This underscores its potential clinical utility. The 
present study offers important insights toward its clinical 
adoption by showing its generalizability across popula-
tions and study designs.

The study findings should be interpreted in the context 
of a few limitations. First, we studied subsets of the origi-
nal populations. Future study designs, with more racially 
and ethnically diverse patients are needed to validate 
these findings. Additionally, we acknowledge potential 
limitations from unmeasured confounding and differ-
ences in data collection methods.

This study has several notable strengths. First, we used 
comprehensive, high-quality data from both a rigor-
ously controlled clinical trial and a real-world commu-
nity cohort, allowing for a unique comparison between 
structured trial conditions and real-world clinical prac-
tice. Second, by evaluating MVX in a clinical trial and 
cohort, this study captured a clinically diverse spectrum 
of patients with HF to enhance the understanding of the 
novel score. Thirdly, this study highlights the value of 
comparing different designs to assess the generalizability 

of risk assessment tools specifically by examining how 
scores may perform differently in controlled environ-
ments versus real-world settings.

Conclusion
While MVX shows promise as a clinical risk assessment 
tool in heart failure, this study reveals important dif-
ferences in MVX distribution and its associations with 
clinical characteristics between a clinical trial population 
and a comparable community cohort subset. These find-
ings underscore the need for further research to validate 
MVX as a robust risk tool and to explore its ability to 
capture unique metabolic vulnerabilities across heteroge-
neous HF populations.
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