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Studies have shown the co-existence of metabolic syn-
drome, chronic kidney disease and heart failure suggest-
ing shared pathophysiology and multi-directional interplay 
(Fig. 1) [7]. In patients with heart failure 20–30% have dia-
betes, 40–50% have chronic kidney disease and 8–16% have 
both, portending worse prognosis (Table 1) [8–10]. Given 
the interplay and to enable a holistic treatment approach, the 
term cardio-renal-metabolic syndrome has been proposed 
[7].

Metabolic Syndrome and Dilated Cardiomyopathy

Metabolic syndrome is a constellation of risk factors which 
includes hypertension, obesity, diabetes and dyslipidemia 
that collectively contribute to multiorgan damage, each 
represent risk factors for adverse cardiovascular outcomes. 
Inflammation and oxidative stress represent core pathophys-
iological drivers of disease in metabolic syndrome and are 
mediators of micro- and macrovascular damage, fibrosis, 
myocardial injury and adverse remodeling leading to accel-
erated coronary artery disease, cardiac arrhythmia and heart 
failure [11, 12].

In a recent retrospective study by Eda et al., 283 patients 
with DCM were evaluated with a median follow up of 

Introduction

Heart failure (HF) is estimated to affect around 64 million 
patients worldwide with cardiomyopathies constituting 
5.4 million cases [1]. Dilated cardiomyopathy (DCM), an 
important underlying cause of heart failure [2], is character-
ized by left ventricular dilatation and reduced systolic func-
tion in the absence of coronary disease or abnormal loading 
conditions. The true prevalence of DCM is likely underesti-
mated and is thought to be around 1 in 250 [3, 4] making it 
one of the most common cardiomyopathies, carrying a 20% 
5-year mortality [5, 6].
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Abstract
Purpose of Review  Dilated cardiomyopathy is an important contributor to heart failure burden worldwide. With an aging 
population and rising multimorbidity, in this review, we describe the prevalence of metabolic syndrome and renal failure in 
patients with dilated cardiomyopathy and focus on common underlying mechanisms, evaluate outcomes in these patients and 
highlight newer therapeutic strategies.
Recent Findings  A significant proportion of patients with dilated cardiomyopathy has concomitant metabolic syndrome and 
renal disease. This combination of multimorbidity portends worse prognosis and often presents unique challenges in treat-
ment given the complex interplay and shared pathophysiological pathways.
Summary  Optimization of the cardio-renal-metabolic profile should be a key consideration in the management of patients 
with dilated cardiomyopathy. Therapeutic strategies targeting common pathophysiological pathways are needed in order to 
improve overall outcomes.
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68.8 months (Interquartile range; IQR 33-93.7 months). 
Metabolic risk factors were common as 21.5% had diabe-
tes, 41.5% had hypertension and 32.9% had dyslipidemia 
[13]. Similar prevalence of diabetes (22%) and hyperten-
sion (47.3%) were reported in a larger study of patients 
with DCM by Dziewiecka et al. (n = 617) whereas dyslipid-
emia (65%) was present in a much larger proportion in this 
study [14]. In a large Swedish study of almost 1.7 million 
adolescent men (median follow up 27 years), obesity was 

strongly associated with the risk of DCM such that for each 
unit increase in body mass index (BMI), there was a 15% 
increase in risk (Hazard Ratio; HR per unit increase in BMI 
1.15, 95% confidence interval (CI): 1.14–1.17) [15].

The presence of metabolic factors portends worse prog-
nosis in heart failure [16, 17]. The same seems to hold true 
when the underlying etiology is DCM [18]. In a sub-analysis 
of the Candesartan in Heart failure-Assessment of Reduc-
tion in Mortality and morbidity (CHARM) program which 

Fig. 1  The impact of cardio-renal-metabolic profile in dilated cardio-
myopathy. Metabolic syndrome and chronic kidney disease are com-
mon in dilated cardiomyopathy and carry worse prognosis. A complex 
interplay underpins common pathophysiological pathways. Thera-

pies targeting these pathways are required to interrupt the cycle and 
improve outcomes in dilated cardiomyopathy. Created in BioRender. 
Akbari, T. (2025)https://BioRender.com/n26e844
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randomized 7599 with symptomatic heart failure (diabe-
tes = 28%, DCM = 13.6%), diabetes was associated with a 
greater relative risk of cardiovascular (CV) death or HF hos-
pitalization irrespective of ejection fraction or underlying 
etiology [19]. In a large Swedish Registry study of recent 
and established DCM patients (n = 3733, median follow up 
5 years), presence of diabetes was an independent predictor 
of major adverse cardiovascular events (MACE) and asso-
ciated with a 34% increased relative risk of all-cause death, 
heart transplantation or HF hospitalization (HR 1.34, 95% 
CI: 1.15–1.56; p = 0.0002) as compared with DCM patients 
without diabetes [20]. Interestingly, the increase in mor-
tality with diabetes in DCM is observed independently of 
ischaemic heart disease. In the large multicenter EVITA-HF 
registry (16 centres, n = 4,101), mortality in patients with 
diabetes and DCM (n = 323) was more than double (15.2%) 
that of DCM patients without diabetes (6.5%, p < 0.001, 
n = 885) [21]. This along with other studies suggest mecha-
nisms other than accelerated coronary artery disease as the 
driver of outcomes [16]. Similarly, there is also evidence 
emerging for a causative role for type 1 diabetes leading to 
DCM, irrespective of obesity or hypertension status [22].

The Obesity Paradox

The observation that patients with obesity (as measured by 
BMI) and HF (in particular with reduced LV systolic func-
tion) show better short to mid-term outcomes as compared 
to leaner patients is termed the obesity paradox [23]. This 
effect is counter intuitive as obesity leads to adverse cardiac 
remodeling and reduced metabolic efficiency, in particular 
in dilated cardiomyopathy [24, 25].

A number of studies have questioned the presence of a 
paradox [26–28] in particular, given in earlier studies, BMI 
has been used as a measure of adiposity which has several 
limitations. BMI does not accurately capture the extent of 
visceral fat relative to muscle mass nor does it differenti-
ate retained fluid in decompensated HF from flesh weight. 
Moreover, these studies have not incorporated exercise 
capacity or other measures of cardio-respiratory fitness. In 
an analysis of the PARADIGM-HF study (n = 8,389), when 
waist to height ratio which is more likely to accurately cap-
ture central obesity, rather than BMI, was used to assess out-
comes, no survival-paradox was observed [28]. Similarly, 
in a paediatric population of patients with DCM (n = 904, 
13.3% obese), obesity did not confer a survival benefit [27]. 
Earlier studies reporting the paradox were marred by con-
founders and collider bias. Mendelian randomisation studies 

Study Population 
(n)

Follow up 
(median /
mean)

Comorbidities (% of patients) Results/Conclusion

Eda et al., 
2024

283 with 
DCM and 
80 with 
NDLVC

68.8
months

DM = 21.5%
HTN = 41.5%
Dyslipidaemia = 32.9%

No difference in outcomes in 
DCM and NDLVC

Dziew-
iecka et 
al., 2023

617 DCM 
and 168 
HNDC

47
months

DM = 22%
HTN = 41.5%
Dyslipidaemia = 65%

No difference in outcomes 
between DCM and HNDC

Silverdal 
et al., 
2022

3733 
DCM

50.4–60
months

DM = 11–20.8%
HTN = 35.8–46.1%
CKD = 1.7–3.7%

Diabetes associated with 
increased risk of outcomes 
(HR 1.35, 95% CI: 1.15–1.56; 
p = 0.0002)

EVITA-
HF, 2020

323 (DCM 
with DM)

12.5
months

DM = 26.7%
HTN = 78.9%
CKD = 34.1%

Higher mortality in patients 
with DCM and diabetes as com-
pared to DCM without diabetes 
(15.2% vs. 6.5%; p < 0.001)

Löfman et 
al., 2016

4939 
DCM 
(total HF 
47, 716)

Not 
available

DM = 32.3%
HTN = 48.2%
CKD = 51%

Increasing mortality with 
decreasing kidney function 
regardless of presence of diabe-
tes and other factors

Karatolios 
et al., 
2016

206 DCM 55.6 months Not available
Median values:
BMI = 27.5 kg/m2
BP 120/77 mmHg
eGFR = 79.9 ml/min/1.73 m

CKD associated with composite 
of all cause-mortality or heart 
transplantation (HR 2.42, 95% 
CI: 1.36–4.29; p = 0.003)

Österman 
et al., 
2024

27,647 
with CKD

Not 
available

CKD = 48%
CKD + HF = 13%
CKD + DM = 27%
CKD + DM + HF = 13%

Highest all-cause mortality with 
CKD + DM + HF (HR 3.22, 
95% CI: 3.05–3.39)

Table 1  Studies of outcomes in 
dilated cardiomyopathy with 
metabolic and renal disease

Abbreviations: BMI = body mass 
index; BP = blood pressure; 
CKD = chronic kidney disease; 
DCM = dilated cardiomy-
opathy; DM = diabetes mellitus; 
eGFR = estimated glomerular 
filtration rate; HF = heart failure; 
HNDC = hypokinetic non-dilated 
cardiomyopathy; HTN = hyper-
tension; NDLVC = non-dilated 
left ventricular cardiomyopathy
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acid, D-Glutamine and D-glutamate metabolism were 
identified as significant pathways in the ICM group. The 
group also identified six metabolites (phosphatidylcholine 
1-pyrroline-2-carboxylate, norvaline, lysophosphatidylino-
sitol [16:0/0:0], phosphatidylglycerol [6:0/8:0], fatty acid 
esters of hydroxy fatty acid [24:1] and phosphatidylcholine 
[18:0/18:3] to be significantly different between patients 
with DCM and ICM [37]. These data suggest disease spe-
cific metabolomic perturbation, challenging the notion of a 
universal HF metabolomic signature. Limitations include 
small numbers of patients, lack of generalizability to wider 
ancestries and the use of animal models and explanted 
hearts for tissue metabolomic analysis. Adequately powered 
studies with both plasma and tissue analysis need to be con-
ducted to explore the clinical potential of disease specific 
metabolomic signatures in the diagnosis and management 
of DCM.

Cardio-Renal Syndrome in DCM

Cardio-renal syndrome encompasses a bidirectional pathol-
ogy involving the heart and kidneys classified into several 
types based on which organ is felt to be the primary driver 
of dysfunction [39]. Both organs are intricately linked as the 
kidneys are reliant on the heart for adequate perfusion and 
in turn dictate volume status and therefore myocardial vol-
ume load. Poor renal perfusion due to heart failure leads to 
activation of the renin-angiotensin-aldosterone and sympa-
thetic systems which in turn can lead to fluid retention and 
vascular congestion exacerbating cardiac output leading to 
a vicious spiral [40].

Many risk factors are shared by renal disease and heart 
failure and up to half of patients with heart failure have 
some degree of kidney failure [41, 42]. The reported inci-
dence of chronic kidney disease in DCM varies ranging 
from 15 to 40% [43, 44]. Renal impairment is associated 
with worse clinical outcomes in DCM. Impaired renal func-
tion also may restrict pharmacological treatment options. 
In a large Swedish registry of heart failure patients (n = 47, 
716), 17% of patients of at least moderate renal impairment 
(eGFR < 60 mL/min/1.73 m2) had DCM as the underlying 
heart failure etiology. Renal dysfunction was associated 
with mortality irrespective of age or presence of diabetes 
[45]. In a study of 206 patients with DCM (mean follow-
up 55.6 ± 18.4months); renal impairment (GFR < 60  ml/
min/1.73m2) was again identified as an independent predic-
tor of the composite end point of all-cause mortality or heart 
transplantation (HR 2.42, 95% CI: 1.36–4.29; p = 0.003) 
[46].

suggest a causal relationship between obesity and heart 
failure [29]. A growing body of evidence has convincingly 
demonstrated no survival benefit from obesity in HF when 
alternative anthropometric measures which more accurately 
capture the degree of adiposity are employed. Variation in 
adiposity measures are likely to account for the discrepan-
cies in reported outcomes.

Metabolic Syndrome, Metabolomics and DCM

The failing heart is considered ‘starved’ of energy. Typi-
cally, in heart failure there is increased glycolysis as a 
compensatory response to reduced mitochondrial oxida-
tive capacity. In DCM associated with metabolic syndrome, 
there is a metabolic switch with an overreliance on free fatty 
acid (FFA) oxidation leading to reduced myocardial glucose 
uptake and oxidation [30]. Although this is less efficient, the 
failing heart relies on FFAs to generate most of its energy. 
In an analysis of biopsies in end stage DCM patients, a pau-
city of intracardiac free fatty acids was observed suggesting 
a problem with FFA import impairing the failing heart in 
meeting its fuel demands [31]. Other studies have not repli-
cated these findings [32, 33]. Balance between glucose and 
fatty acid oxidation may depend on drivers of heart failure. 
Obesity/metabolic syndrome with increased FFA availabil-
ity may predispose the DCM heart to increase FFA oxida-
tion. A distinct phenotype is seen with DCM resulting in 
inefficient oxidative metabolism, insulin resistance and 
inflammation [34]. Further larger scale studies are required 
to untangle the complexities of energy metabolism in DCM.

The use of metabolomic technologies has opened ave-
nues of research in the discovery of biomarkers for the diag-
nosis, response to treatment and prognosis of DCM [35, 36]. 
Even though common metabolomic perturbations are seen 
in heart failure of various etiologies, distinct profiles are 
observed in DCM as compared with heart failure as a result 
of other pathologies such as ischaemic (ICM) and valvular 
disease, with disease specific metabolomic signatures [37]. 
In one recent study of 65 patients with acute and chronic 
heart failure (DCM = 25); 630 plasma metabolites were ana-
lyzed. Metabolites of fatty acid metabolism were affected in 
both DCM and ICM compared with control, emphasizing 
general abnormalities of lipid metabolism and lipo-toxicity 
in patients with HF. However, of the total, 30 metabolites 
were altered in DCM as compared to controls and 8 metab-
olites (serine, lysophosphatidylcholine, cholesteryl esters 
[16:0, 18:1, 18:3, 20:3, 20:4, 22:5]) were altered when DCM 
was compared with ICM [38]. In another study, (DCM = 38, 
ICM = 18, healthy controls = 20) the metabolomic profile 
of plasma samples identified important dysregulated path-
ways. Alpha-linolenic acid metabolism was identified as 
a significant pathway in the DCM group whereas linoleic 
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metabolic syndrome [57]. In one study, genes involved in 
lipid metabolism were able to predict the risk of DCM with 
good accuracy (AUC, training set 0.936; test set 0.737) [58]. 
In another study, authors analyzed the Gene Expression 
Omnibus (GEO) dataset to identify differentially expressed 
genes in obesity and DCM and showed that genes impli-
cated in oxidative stress, metabolic disorders and fibrosis 
play roles in obesity induced DCM [59]. Further evidence 
linking obesity and DCM genetics was reported by Zheng et 
al. in a large genome wide association study. Authors devel-
oped a polygenic risk score for DCM risk in participants in 
the UK biobank (AUC 0.71) using common genetic vari-
ants (> 500,000 single nucleotide polymorphisms). The risk 
score was shown to associate with obesity amongst other 
cardiovascular diseases on phenome-wide association stud-
ies suggesting a causal relationship [60]. In totality, this 
body of evidence appears to suggest common genetic path-
ways between metabolic disease and DCM.

Biological sex has also been shown to impact the clinical 
course and outcomes in DCM. There is a preponderance of 
male sex in DCM studies with a 3:1 ratio to female patients. 
This imbalance is not explained by survival bias and sug-
gests greater penetrance or detection in men. A number of 
studies have reported worse cardiovascular outcomes and 
all-cause mortality with male sex in DCM [61–65]. A meta-
analysis of 5 studies (n = 5,709) showed higher all-cause 
mortality (HR 1.61, 95% CI: 1.36–1.90; p < 0.00001), SCD 
(HR 1.80, 95% CI: 1.63–2.61; p = 0.002) and cardiovascular 
mortality (HR 1.67, 95% CI: 1.25–2.23; p = 0.0005) in male 
patients with DCM as compared to female [64]. However, 
more recently this concept has been challenged. In a recent 
prospective study by our group (n = 604, 206 female, median 
follow up 3.9 years), despite a more favourable profile (less 
myocardial fibrosis, higher LV ejection fraction), the com-
posite of cardiovascular mortality or major heart failure 
events was higher in female patients with DCM as com-
pared to those of males with DCM (8.6% vs. 4.4%, adjusted 
HR 3.14, 95% CI: 1.55–6.35; p = 0.001) at two years sug-
gesting worse prognosis in female patients early on in the 
disease trajectory despite a milder phenotype [66]. Further 
large scale studies are required to shed additional light on 
the role that biological sex plays in determining both short 
and longer-term outcomes in patients with DCM.

Novel Therapeutic Directions

There is a need to develop therapies targeting the common 
pathophysiological pathways of DCM and metabolic-renal 
dysfunction. Trimetazidine (an inhibitor of long-chain 
3-ketoacyl-CoA thiolase) inhibits oxidation of free fatty 
acids thereby shifting substrate utilization to glucose and 
improving cardiac metabolism. In a recent meta-analysis of 

Impact of Concomitant Diabetes and CKD in DCM

In a recent study of primary care records linked with hos-
pital episode statistics across general practices in England, 
heart failure (all causes) was present in 13.7% of the popula-
tion with CKD and T2DM (n = 183,997). All-cause mortal-
ity (rate/1000-person years; 192.9, 95% CI: 188.8–197.0) 
and cardiovascular outcomes (mortality/hospitalization; 
149.0, 95% CI: 145.4–152.7) were highest when all three 
were present. The study also reported low use of newer 
therapies in the cardio-renal-metabolic domain (Sodium-
glucose co-transporter-2 (SGLT2) inhibitor use = 2.8%; 
Glucagon-like peptide-1 (GLP-1) use = 3.4%) although with 
a trend towards increasing use [47]. Similar results were 
reported in another study analyzing new onset heart failure 
(n = 87,709) using the same database. Patients with heart 
failure, CKD and T2DM constituted 16% of the population 
and the presence of CKD and T2DM in heart failure was 
associated with the worst median survival (ranging from 
2. 8–0.7 years based on CKD stage) [8]. Whilst these and 
other studies report worse prognosis [48, 49], there is pau-
city of data on outcomes specific to dilated cardiomyopathy 
with co-existent diabetes and chronic kidney failure. In a 
recent Swedish national registry study (n = 27,647, preva-
lence of HF-T2DM-CKD = 13%), the etiology of heart fail-
ure was non-ischaemic in 49% of patients with HF, CKD 
and T2DM. All-cause mortality and MACE were highest 
when all three were present (HR for all-cause mortality; 
3.22, 95% CI: 3.05–3.39) [50]. Larger studies are required 
to ascertain outcomes in DCM patients with multimorbidity 
to identify gaps in treatments in order to direct healthcare 
resources appropriately.

Interaction Between Genetics, Sex and Cardio-Renal 
Metabolic Profile in DCM

The genetic architecture in DCM is of prognostic signifi-
cance. A familial cause is implicated in 25–35% of cases 
and many pathological and likely pathological variants are 
associated with worse cardiovascular outcomes [51–53]. A 
study in 487 patients with DCM showed that carriers of des-
mosomal and lamin A/C (LMNA) genetic variants experi-
enced a significantly higher rate of ventricular arrhythmias 
and sudden cardiac death (SCD), independent of ejection 
fraction [54]. Similarly, carriers of titin-truncating variants, 
the most common genetic cause of DCM, in certain settings, 
appears to increase the risk of life-threatening arrhythmias 
[55].

Interestingly, in a large study of 60,706 individuals, 
mutation in the LMNA gene (variant p.G602S) was shown 
to associate with type 2 diabetes [56]. Other mutations in 
LMNA genes have also been shown to associate with severe 
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Syndrome: A Scientific Statement from the American 
Heart Association. Circulation. 2023;148:e183-e201.

This scientific statement from the American Heart 
Association summarizes the key considerations in 
the management of cardiovascular-kidney-metabol-
ic syndrome in established cardiovascular disease.

	● Eda Y, Nabeta T, Iikura S, et al. Non-dilated left ven-
tricular cardiomyopathy vs. dilated cardiomyopathy: 
clinical background and outcomes. ESC Heart Fail. 
2024;11:236–245.

This recent study following up patient with dilated 
cardiomyopathy reported metabolic risk factors to 
be commonly present in these patients.

	● Österman J, Al-Sodany E, Haugen Löfman I, Barany P, 
Evans M. Heart failure: the grim reaper of the cardio‐re-
nal‐metabolic triad. ESC Heart Fail. 2024;11:2334–2343.

In this study following up patients for up to 10 years, 
the concomitant presence of chronic kidney disease, 
diabetes and heart failure portended the worst prog-
nostic outcomes.
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28 studies (n = 2552, median follow up 6 months) of patients 
with HF with reduced ejection fraction (non-ischaemic, 
n = 359), Trimetazidine was associated with significantly 
reduced cardiovascular mortality (Odds ratio; OR 0.33, 
95% CI: 0.21 to 0.53) and HF hospitalizations (OR 0.42, 
95% CI: 0.29 to 0.60) [67].

With the advent of SGLT2 inhibitors, intervention on 
a number of pathways, both related to diabetes and more 
likely common pro-inflammatory and pro-fibrotic pathways, 
has already impacted significantly on improving outcomes 
for patients with heart failure and DCM. Developed initially 
as glucose lowering agents in type 2 diabetes, a number of 
trials have shown beneficial effects of these agents in HF 
and CKD irrespective of diabetes status [68–71] The exact 
mechanisms by which they exert their effects in HF are 
unknown. Modulating key cellular mechanisms affecting 
inflammation is proposed as a key hypothesis. In one small 
observational study of patients with DCM (n = 50), Dapa-
gliflozin use was associated with better cardiac function at 
12 months as compared with conventional therapy without 
SGLT2 inhibitor use [70]. Similarly, the GLP-1 agonist, 
Semaglutide has recently been shown to improve outcomes 
in patients with HF of both preserved and reduced ejection 
fraction and obesity (irrespective of diabetes status) in the 
large randomized controlled SELECT trial [72]. Whether 
GLP1-agonists will also become a significant pillar of treat-
ment in the management of DCM and HF with reduced ejec-
tion fraction in general remains to be determined [73, 74].

Conclusions

Advances in the diagnosis and management of dilated car-
diomyopathy have resulted in improvement in outcomes 
over the last two decades. However, an ageing population 
accumulating metabolic and renal comorbidities in DCM 
pose new challenges. The cardio-renal-metabolic profile is 
an important consideration in all patients with DCM and 
optimization should become a benchmark component of 
clinical care. Large scale studies are required to ascertain 
the role of biological sex, genetics and ancestry to fill gaps 
in knowledge in order that equitable health care is provided 
universally.
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