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ABSTRACT

Cardiovascular, kidney and metabolic (CKM)
conditions are interrelated, significantly con-
tributing to morbidity, mortality and health-
care burden. Despite therapeutic advances, tra-
ditional disease-specific approaches often fail to
address their complex interplay. Key therapeu-
tic agents—including glucagon-like peptide-1
receptor agonists (GLP-1 RAs), dual GLP-1/
glucose-dependent insulinotropic polypeptide
RAs, sodium glucose co-transporter inhibitors
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and the nonsteroidal mineralocorticoid recep-
tor antagonist (MRA) finerenone—offer multi-
organ benefits. Emerging therapies, such as
triple receptor agonists and second-generation
MRAs, target new pathways further expand-
ing treatment options for CKM conditions.
A holistic CKM management approach must
address and recognise that conditions such
as metabolic dysfunction-associated steatotic
liver disease, metabolic dysfunction-associated
steatohepatitis, obstructive sleep apnoea and
obesity are part of the CKM spectrum. Frailty
assessment is also important alongside CKM
conditions, warranting comprehensive geriatric
assessment and deprescribing when appropri-
ate. Multidisciplinary care—including lifestyle
interventions, pathway redesign, pharmacologi-
cal advances and novel technologies—is essen-
tial for improving outcomes. As the CKM land-
scape evolves, future strategies should prioritise
early intervention, personalised treatment and
addressing unmet needs in high-risk popula-
tions. This review advocates for an integrated
CKM framework, exploring treatment strategies,
emerging therapies and technological innova-
tions. It also examines the role of artificial intel-
ligence and digital health tools in risk stratifica-
tion, early diagnosis and long-term condition
management, alongside ethical and regulatory
considerations.
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Key Summary Points

Cardiovascular, kidney and metabolic (CKM)
as a spectrum of conditions: CKM condi-
tions share overlapping pathophysiological
mechanisms, contributing to a greater disease
burden. This article highlights the need for
an integrated, holistic approach to their man-
agement.

Broad-spectrum therapies: Therapies such as
sodium-glucose cotransporter-2 inhibitors,
glucagon-like peptide-1 (GLP-1) receptor
agonists, GLP-1/ glucose-dependent insuli-
notropic polypeptide and finerenone offer
multi-organ benefits, marking a shift towards
therapies that target the interconnected
nature of CKM conditions.

Expanding the CKM framework: Conditions
such as obstructive sleep apnoea-hypopnoea
syndrome and metabolic dysfunction-
associated steatotic liver disease/metabolic
dysfunction-associated steatohepatitis are
increasingly recognised as key components of
the CKM spectrum, necessitating expanded
treatment strategies.

Future directions: Technology, artificial
intelligence-driven healthcare and novel
therapies are shaping personalised treatment
to optimise outcomes across the entire CKM
spectrum.

INTRODUCTION

In recent years, the concept of cardiovascu-
lar-renal-metabolic (CVRM) conditions has
evolved. The American Heart Association (AHA)

introduced the term cardiovascular-kidney-met-
abolic (CKM) syndrome in 2023 to highlight
the interconnected nature of cardiovascular,
kidney and metabolic health [1]. More recently,
a broader framework known as cardiovascular-
renal-hepatic-metabolic (CRHM) syndrome has
been proposed, incorporating the liver as a cen-
tral player in the interconnected pathophysiol-
ogy of these organ systems [2]. This extension
reflects the growing recognition of the liver’s
role in the complex interplay among cardiovas-
cular, kidney and metabolic diseases [2]. CKM
conditions are interlinked, sharing common
pathophysiological mechanisms and risk fac-
tors, including type 2 diabetes (T2D), obesity
and ageing [1, 3, 4]. Their frequent coexistence
amplifies health risks and poses burdens to indi-
viduals and healthcare systems [1, 3, 4]. Subopti-
mal CKM health contributes to premature mor-
tality, multiorgan complications and escalating
healthcare costs [1, 5, 6]. This review explores
CKM complexities, current guidelines, emerging
therapies and the role of technology, aiming to
provide a future-oriented framework for improv-
ing outcomes in patients with CKM conditions.

To identify relevant literature, we conducted
a non-systematic search using PubMed and
Google, supplemented by key references pro-
vided by the authors. A PubMed search was per-
formed between 13 and 15 January 2025, using
a combination of various keywords related to
CKM and artificial intelligence (Al) in health-
care. Additionally, we reviewed reference lists
of identified articles to capture further relevant
literature.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Epidemiology

In the UK, T2D and obesity prevalence are ris-
ing, reflecting global trends [7]. Over 4.9 mil-
lion individuals in the UK live with diabetes,
90% with T2D, a figure expected to exceed 5.5
million by 2030 [7, 8]. Diabetic kidney dis-
ease (DKD) affects ~40% of patients with T2D,
increasing the risk of end-stage renal disease
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(ESRD) and cardiovascular events, with albumi-
nuria as a key predictor [9]. The accompanying
burdens of chronic kidney disease (CKD) and
cardiovascular disease (CVD) compound these
challenges, straining the National Health Ser-
vice (NHS). CVD remains a leading cause of
death, accounting for ~25% of mortality, while
heart failure (HF) affects > 1 million people,
with 200,000 new diagnoses annually [6, 10].
CKD stages 3-5 affect 3.2 million individuals in
England, projected to reach 3.9 million by 2033
[11]. Additionally, obesity, a crucial driver of
metabolic disorders, affects approximately 26%
of adults in England, with an additional 38%
classified as overweight, highlighting the grow-
ing burden of metabolic conditions [12]. Accord-
ing to global data, CKM conditions, including
T2D, obesity, CKD and CVD, are leading causes
of death, reducing life expectancy and contrib-
uting significantly to mortality and years of life
lost [13, 14].

Economic Impact

The spectrum of CKM conditions presents a sig-
nificant global and national health challenge,
with substantial economic costs in the UK
(Fig. 1). CVD costs the NHS ~£12 billion annu-
ally, with a broader economic impact of ~£28
billion per year [6]. Diabetes management alone
costs~£10.7 billion in 2021/2022, with > 40%
attributed to treating complications [15]. CKD
accounts for £6.4 billion in NHS costs, projected
to rise to £7.8 billion by 2033 because of the
increasing prevalence of advanced CKD stages
[11]. Overweight and obesity-related ill health
cost the NHS ~£6.1 billion in 2014/2015, with
annual spending on obesity and diabetes treat-
ment exceeding the combined expenditure on
the police, fire service and judicial system [16].
Integrated care models addressing shared risk
factors, such as the disease of obesity, could
reduce costs by improving patient outcomes,
thereby reducing hospital admissions and the
need for advanced treatments such as dialysis
for ESRD.
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Fig.1 Economic burden of CKM diseases in the UK.
This bar chart visualises the annual financial impact
of CVD, diabetes, CKD, and overweight and obesity-
related ill-health on the NHS. CVD remains the costliest
at~£12 billion per year, diabetes management accounted
for~£10.7 billion, CKD accounted for £6.4 billion
annually and overweight and obesity-related ill-health
cost~£6.1 billion. CKD chronic kidney disease, CKM
cardiovascular, kidney and metabolic, CVD cardiovascular
disease, NHS National Health Service

Social Determinants of Health (SDOH)

Social determinants of health (SDOH) encom-
pass economic, social, environmental and psy-
chosocial factors that shape health outcomes
[1]. They play a critical role in CKM health,
influencing both disease risk and management
strategies [1]. For instance, individuals in socio-
economically deprived areas, particularly those
with lower incomes, often have limited access
to healthy food and safe spaces for exercise,
increasing their risk of CVD through interme-
diary conditions like diabetes, hypertension,
obesity and dyslipidaemia [1, 17]. Low socio-
economic status is a leading cause of premature
mortality, contributing to one in three early
deaths in the UK [18]. Additionally, factors such
as limited education, unemployment and inad-
equate housing can heighten stress and hinder
disease management [1, 17].

To address these challenges, healthcare sys-
tems must integrate SDOH into prevention and
treatment strategies [1]. Routine screening for
unmet social needs within electronic health
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records can help identify at-risk populations
and tailor interventions [1]. In England, general
practices are encouraged to adopt social prescrib-
ing, with general practitioner (GP) contracts
funding ‘social prescribing link workers’ who
connect patients to community support ser-
vices such as food assistance or benefits advice
[19, 20]. From 2023, integrated care systems are
required to develop local plans for improving
health and reducing inequalities [19]. However,
inconsistent implementation, limited evaluation
and the absence of a standardised framework
undermine these interventions [19, 20]. Without
uniform social risk assessments, it is uncertain
whether current UK strategies effectively reach
those most in need [20].

Advancing SDOH-focused CKM care will
require leveraging technology, such as Al-driven
tools, to identify social risk factors and priori-
tise high-risk patients. Additionally, structured
screening tools like Protocol for Responding to
and Assessing Patients’ Assets, Risks (PRAPARE)
could help systematically assess social needs
and allocate resources more effectively [1, 18].
Adopting standardised, tailored screening—simi-
lar to the US approach, which is supported by
federal policies—could improve treatment out-
comes, reduce health disparities and promote
health equity and person-centred CKM care in
the UK [19, 20].

Pathophysiology

Although a detailed review of CKM physiology
is beyond the scope of this paper, it is important
to note that these conditions are interconnected
through shared pathophysiological mechanisms,
which primarily originate from both excess and
dysfunctional adipose tissue [1, 3, 4, 21, 22].
Dysfunctional adipose tissue contributes to insu-
lin resistance, a hallmark of metabolic disorders
like T2D and obesity [1, 4, 21, 22]. This, in turn,
leads to hyperglycaemia, which exacerbates
inflammation, oxidative stress and the accumu-
lation of advanced glycation end-products [1,
4, 21, 22]. These metabolic disturbances lead to
endothelial dysfunction, vascular damage and
myocardial fibrosis, ultimately increasing the
risk of HF and CVDrisk [1, 4, 21, 22].

The overactivity of the sympathetic nerv-
ous system (SNS) and the renin-angiotensin-
aldosterone system (RAAS) further exacerbates
disease progression. Hyperglycaemia activates
local RAAS in the myocardium and kidneys, pro-
moting vasoconstriction, fibrosis and impaired
organ function, contributing to the onset of T2D
[4, 22]. Additionally, SNS hyperactivation in HF
worsens glucose homeostasis [4, 22]. RAAS and
SNS overactivity also decrease the glomerular
filtration rate (GFR), which in turn exacerbates
fluid retention, increases vascular congestion
and forms an interlocking cycle of organ dys-
function between the heart and kidneys [4, 22].

These metabolic distuptions also contribute
to CKD by impairing renal microvascular func-
tion. The bidirectional HF-CKD relationship fur-
ther complicates the pathology; reduced cardiac
output in HF impairs renal perfusion, decreas-
ing GFR and increasing fluid retention [1, 4, 21,
22]. Conversely, CKD exacerbates cardiovascu-
lar stress through hypertension and metabolic
derangements, creating a feedback loop of cardi-
orenal deterioration [1, 4, 21, 22]. This intercon-
nected nature of CKM conditions, where dys-
function in one organ system often exacerbates
or drives dysfunction in another, emphasises the
need for therapies targeting multiple systems to
improve patient outcomes [1, 4, 21, 22].

CURRENT GUIDELINES AND
EVIDENCE

The American Diabetes Association (ADA), Euro-
pean Society of Cardiology (ESC), European
Association for the Study of Diabetes (EASD)
and Kidney Disease: Improving Global Out-
comes (KDIGO) have developed comprehensive
guidelines for managing CKM conditions, with
a focus on integrated care [23-25].

The 2023 ESC Guidelines for managing CVD
in patients with diabetes recommend glucagon-
like peptide-1 receptor agonists (GLP-1 RAs)
and sodium-glucose cotransporter-2 inhibitors
(SGLT2is) as first-line therapies for diabetes with
atherosclerotic cardiovascular disease (ASCVD),
shown to significantly reduce cardiovascular risk
independently of glucose control [24]. SGLT2is
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are strongly recommended for all patients with
diabetes and HE irrespective of left ventricular
ejection fraction [24]. For DKD, both SGLT2is
and finerenone are recommended to reduce
cardiovascular and kidney failure risk alongside
standard treatments like RAAS inhibitors and
lipid lowering therapies [24]. The ADA 2024
Standards of Care similarly recommend SGLT2i
for diabetes-related HF and CKD [23]. These
guidelines advocate for early CVD screening in
patients with diabetes and a holistic approach,
including lifestyle changes such as the Mediter-
ranean diet and physical activity [23, 24]. Fuz-
thermore, the ADA and EASD joint recommen-
dations on managing hyperglycaemia in T2D
emphasise the use of GLP-1 RAs and SGLT2is as
foundational therapies in patients with ASCVD
[25]. The ADA/KDIGO 2022 consensus similarly
recommends a comprehensive strategy for dia-
betes in CKD, including SGLT2is, GLP-1 RAs,
statins, lifestyle modifications and angiotensin-
converting enzyme inhibitors or angiotensin
receptor blockers for hypertension and albumi-
nuria [26].

While there is broad consensus on SGLT2is
and GLP-1 RAs for CKM complications, certain
areas, like the use of finerenone in patients with-
out diabetes with CKD, are still emerging, with
ongoing studies investigating its broader appli-
cations [27, 28]. Overall, while guidelines from
ADA, ESC, EASD and KIDIGO align on SGLT2i
and GLP-1 RAs for ASCVD, HF and CKD, dif-
ferences exist regarding specific populations
and emerging therapeutic options, suggesting a
need for further research and potential guideline
updates [23-26].

CURRENT THERAPEUTIC
CONSIDERATIONS

Recent advances in managing CKM conditions
emphasise the importance of evidence-based
therapies tailored to individual patient profiles.
Key agents, including GLP-1 RAs, dual GLP-1/
glucose-dependent insulinotropic polypeptide
(GIP) RAs, SGLT2is and finerenone, offer signifi-
cant benefits across the CKM spectrum [4, 29].

GLP-1 RAs, including liraglutide, semaglu-
tide and dulaglutide, reduce ASCVD risk
and improve glucose control, also offering
significant cardiovascular benefits by reduc-
ing major adverse cardiovascular events
(MACE) in patients with T2D and ASCVD
[25]. Additionally, subcutaneous semaglu-
tide has demonstrated cardiorenal ben-
efits in the recently published FLOW trial
(NCT03819153), reducing the risk of major
kidney disease events and cardiovascular
mortality in patients with T2D and CKD
[30]. Evidence from the SELECT trial dem-
onstrates that subcutaneous semaglutide also
improves cardiovascular outcomes in people
with obesity and CVD [31]. Furthermore,
oral semaglutide has also demonstrated
cardiovascular benefits reducing MACE risk
by 14% in the SOUL trial (NCT03914326)
[32]. By addressing multiple metabolic and
cardiovascular conditions, GLP-1 RAs can
help reduce polypharmacy, even when it is
considered appropriate, thereby simplifying
treatment and contributing to deprescribing
efforts.

Dual GLP-1/GIP RAs, such as tirzepatide,
provide enhanced metabolic benefits,
including greater weight loss and improved
insulin sensitivity compared to GLP-1 RAs
alone [33]. Emerging data suggest benefits
in metabolic dysfunction-associated stea-
totic liver disease (MASLD), obstructive sleep
apnoea-hypopnoea syndrome (OSAHS) and
heart failure with preserved ejection frac-
tion (HFpEF), extending their utility beyond
diabetes management by addressing both
metabolic and cardiovascular complications
[33-37].

SGLT2is, such as dapagliflozin, canagliflozin
and empagliflozin, are first-line therapies
for patients with diabetes and CKD, HF or
ASCVD [38]. Their benefits extend beyond
glucose control, offering reductions in HF
hospitalisations, MACE and CKD progres-
sion [25, 38].

Finerenone, a non-steroidal mineralocorti-
coid receptor antagonist (MRA), is a key ther-
apy for patients with DKD, with preclinical
data showing potent anti-inflammatory and
antifibrotic effects [1, 22, 39-41]. Clinical tri-
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als, such as FIDELIO-DKD (NCT02540993)
and FIGARO-DKD (NCT02545049), have
demonstrated its efficacy in reducing the risk
of cardiovascular events and CKD progression
[40, 41]. The FINEARTS-HF (NCT04435626)
trial further established finerenone’s car-
diovascular benefits, showing a significant
reduction in the risk of cardiovascular events
in patients with HF with mildly reduced or
preserved ejection fraction [42]. Ongoing tri-
als are exploring its broader use. FINE-ONE
(NCT05901831) is assessing finerenone in
CKD with type 1 diabetes (T1D), while CON-
FIDENCE (NCT05254002) is investigating its
combination with the SGLT2i empagliflozin
in CKD and T2D to determine potential addi-
tive benefits [43, 44].

While effective, benefits of these therapies
must always be balanced against potential
adverse effects. GLP-1 RAs and GLP/GIP agonists
may cause gastrointestinal disturbances, which
may impact tolerability; however, these mostly
occur during dose escalation, usually fade with
time and are typically mild to moderate in sever-
ity [45]. SGLT2is are associated with genitouri-
nary infections and, uncommonly, euglycaemic
ketoacidosis [46]. Counselling regarding good
personal hygiene, adequate hydration and the
use of sick day guidance can mitigate these
adverse effects. Finerenone carries a small risk of
hyperkalaemia, necessitating regular potassium
monitoring [40, 47].

Pharmacological advances, such as GLP-1 RAs,
GLP-1/GIP RAs, SGLT2is and finerenone, com-
plement lifestyle modifications by supporting
weight loss and improving metabolic outcomes
[23-25]. When combined with proactive weight
management, these interventions offer a com-
prehensive approach consistent with current
guidelines for preventing and managing CKM
conditions [23-25].

In CKM management, addressing underlying
metabolic abnormalities early is crucial. Obesity,
insulin resistance and central adiposity—key
contributors to hyperglycaemia—often develop
decades before the clinical diagnosis of T2D [48].
Early intervention through lifestyle changes,
including dietary adjustments, physical activity

and behavioural support, can reverse these
metabolic disturbances, improving glycaemic
control and reducing cardiovascular and renal
risks [23-25, 48]. Weight loss interventions, in
particular, extend beyond glycaemic control,
preventing or even reversing of microvascular
complications that are associated with diabetes,
such as CKD [48]. Numerous studies have shown
that early weight loss and lifestyle modifications
significantly reduce the risk of progression to
more severe CKM conditions, supporting their
role as a cornerstone of preventive care [48].

EMERGING THERAPIES

The management of CKM conditions is evolving
rapidly, with several novel therapies in the pipe-
line that show promise for improving patient
outcomes. These include triple hormone recep-
tor agonists (GLP-1/GIP/glucagon), lysophos-
phatidic acid (LPA) receptor antagonists and
second-generation selective MRAs, which aim to
target new pathways involved in the pathophys-
iology of CKM conditions (Table 1) [9, 49, 50].

Triple-hormone Receptor Agonists

Triple-hormone receptor agonists target the
GLP-1, GIP and glucagon receptors, offering a
potential advancement beyond GLP-1 RAs in
managing diabetes, obesity and cardiovascular
risk [49, 51, 52]. While GLP-1 RAs already pro-
vide significant benefits in glycaemic control,
weight loss and cardiovascular protection, triple
agonists may further enhance energy expendi-
ture and promote lipid metabolism, leading to
superior reductions in liver fat and improve-
ments in glucose homeostasis [49, 51-53].
Early-phase clinical trials, particularly with
retatrutide, have shown significant efficacy in
reducing blood glucose and body weight in
T2D as well as other metabolic benefits includ-
ing reduction in liver fat [52, 53]. A similar
compound, LY3437943, has demonstrated
potential for managing glycaemia and facili-
tating weight loss in preclinical studies [54].
These therapies’ ability to concurrently target
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Table 1 Emerging therapies in CKM conditions. This
table summarises emerging therapies under investigation
for CKM conditions, including triple receptor agonists,
LPA receptor antagonists, second-generation MRAs and
SGLT2i combinations. These treatments target key path-
ways such as fibrosis, metabolic dysfunction and renal pro-
tection, with the potential to improve patient outcomes

by addressing multiple disease mechanisms. CKD chronic
kidney disease, CKM cardiovascular, kidney and metabolic,
GIP glucose-dependent insulinotropic polypeptide, GLP-1
glucagon-like peptide-1, HF heart failure, LPA lysophos-
phatidic acid, MRA mineralocorticoid receptor antagonist,
SGLT2i sodium-glucose cotransporter-2 inhibitors

Therapy Class Therapeutic target & Mechanism | Potential Benefits Key Agents & Trials

Activate GLP-1, GIP, and glucagon
receptors to enhance glycaemic control,
promote weight loss, and provide
cardiometabolic benefits.

Triple Receptor Agonists

Block LPA1 receptor, reducing fibrosis,
inflammation, and vascular dysfunction,
key drivers of CKD and HF.

LPA Receptor Antagonists

More selective MRAs designed to lower
the risk of hyperkalaemia while
maintaining renal protective effects.

Second-Generation
Selective MRAs

Combine SGLT2i with other agents to
enhance kidney and cardiovascular
protection.

Ongoing Studies Involving
SGLT2i

metabolic dysfunction and cardiorenal risk fac-
tors represents a promising strategy, although
additional trials are needed to confirm their
long-term safety and efficacy in diverse patient
populations.

LPA Receptor Antagonists

LPA is a biologically active lysophospholipid
involved in a variety of physiological pro-
cesses, including fibrosis, inflammation and
vascular dysfunction [55, 56]. There are six
known LPA receptors (LPA1-LPA6), which
mediate diverse physiological functions [55,
56]. A promising avenue of research involves
LPA receptor antagonists, which target the
LPA1 receptor implicated in the pathogenesis
of CKD and HF [50, 55-57]. Preclinical stud-
ies and early-phase clinical trials, such as with
BMS-986020, demonstrate that LPA1 antago-
nists can modulate collagen dynamics and
exhibit antifibrotic effects, presenting poten-
tial benefits for conditions like CKD and HF
[58]. These agents could complement existing

* Reduces body weight significantly
* Potential cardiovascular protection

« Antifibrotic effects in kidney and heart
+ Potential to slow CKD and HF

* Reduces albuminuria in diabetic

« Lower risk of electrolyte disturbances

* Improves CKD outcomes
» Potential synergistic effects with other

* Retatrutide
+ LY3437943

» Improves blood sugar levels

* BMS-986020
progression
« Esaxerenone (ESAX-DN trial)

« Balcinrenone (MIRO-CKD and
BALANCED-HF trials)

kidney disease

« ZENITH-CKD
« EASI-KIDNEY
therapies

therapies by targeting the inflammatory and
fibrotic processes driving disease progression,
although further investigation is necessary to
assess their broader clinical use.

Second-generation Selective MRAs

Renin-angiotensin system inhibitors are stand-
ard therapy for DKD, offering benefits such
as blood pressure reduction and albuminuria
regression [9]. However, steroidal MRAs like
spironolactone and eplerenone are limited in
DKD because of the risk of hyperkalaemia [9].
Second-generation non-steroidal MRAs, such
as esaxerenone and balcinrenone, offer greater
selectivity, potentially reducing this risk while
maintaining efficacy [9].

Esaxerenone has shown promise in hyper-
tension, with a phase 3 trial (ESAX-DN) dem-
onstrating albuminuria reduction, though
further development has been limited [59].
Balcinrenone is being evaluated for CKD and
HF in the MIRO-CKD (NCT06350123) and
BALANCED HF (NCT06307652) trials, which
are investigating the safety and efficacy of
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Fig.2 Special populations in CKM management. This
figure highlights key patient populations requiring tai-
lored CKM management approaches. Conditions such
as MASH, heart failure, frailty, obesity, type 1 diabetes,
advanced renal failure and OSAHS share overlapping risk
factors and contribute to the progression of cardiovascular,
kidney and metabolic conditions. Addressing their specific
needs through integrated care is essential for improving
patient outcomes. CKM cardiovascular, kidney, metabolic,
MASH metabolic dysfunction-associated steatohepatitis,
OSAHS obstructive sleep apnoea-hypopnoea syndrome

balcinrenone combined with dapagliflozin [60,
61]. These agents may become key treatments
in cardiorenal disease.

Ongoing Studies Involving SGLT2i

Combining therapies with distinct mechanisms
of action is a promising strategy to improve
patient outcomes by synergistically targeting
multiple disease pathways [62]. This approach
may enhance efficacy, reduce required drug
doses and mitigate the risk of treatment resist-
ance [62]. Several ongoing trials are explor-
ing the potential of combining SGLT2is with
other therapies for patients with CKD and
related long-term conditions. ZENITH-CKD
(NCT04724837) is evaluating zibotentan (a
selective endothelin A receptor antagonist) com-
bined with dapagliflozin versus dapagliflozin

alone in patients with CKD [63], while EASi-
KIDNEY (NCT06531824) is investigating the
dual therapy of vicadrostat (a selective aldos-
terone synthase inhibitor) and empagliflozin for
improving CKD outcomes [64].

SPECIFIC PATIENT POPULATIONS

Management of CKM conditions requires an
individualised tailored approach to address
the distinct challenges presented by specific
patient groups (Fig. 2). This section explores
key populations, outlining advances and
unmet needs.

Metabolic Dysfunction-associated Steatotic
Liver Disease (MASLD) and Metabolic
Dysfunction-associated Steatohepatitis
(MASH)

Metabolic dysfunction-associated steatohepa-
titis (MASH), formerly known as non-alcoholic
steatohepatitis (NASH), falls into the broader
MASLD spectrum [65]. This updated terminol-
ogy highlights the metabolic origins of the con-
dition, aiding patient identification and reducing
stigma. MASLD is the most common liver dis-
ease in Western countries, affecting up to 30% of
adults, while MASH, its progressive fibrotic form,
affects~5% [66]. MASH is closely linked to CKM
conditions, driven by shared risk factors such as
obesity, insulin resistance and dyslipidaemia, and
is particularly common in individuals with T2D
and obesity [66-68]. Notably, CVD is the leading
cause of death in patients with MASH, emphasis-
ing its importance within CKM care [67, 68].
Despite its significant cardiometabolic impli-
cations, no therapies are currently approved in
the UK specifically for MASH [65, 66]. However,
in the US, resmetirom—an oral, liver-directed,
thyroid hormone receptor beta-selective ago-
nist—is the first MASH therapy approved by the
Food and Drug Administration and should be
considered for the treatment of non-cirrhotic
MASH with significant liver fibrosis (stage>2)
[65]. Meanwhile, several other agents, includ-
ing dual GLP-1/GIP (e.g., tirzepatide), dual
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GLP-1/glucagon (e.g., survodutide) and triple
GLP-1/GIP/glucagon (e.g., retatrutide) agonists,
show promise, demonstrating metabolic and
hepatic benefits such as reductions in liver fat
and fibrosis [65]. Nevertheless, the EASL-EASD-
European Association for the Study of Obesity
(EASO) guidelines recommend GLP-1 RAs only
for their approved indications, such as T2D or
obesity, rather than as targeted treatments for
MASH [65].

Lifestyle modification remains the corner-
stone of MASLD/MASH management. A sus-
tained weight loss of 5% to reduce liver fat,
7-10% to improve liver inflammation and >10%
to improve fibrosis is recommended [65]. Addi-
tional interventions, such as the Mediterranean
diet, have been shown to reduce liver fat, even
without weight loss [65]. Proactive screening for
liver fibrosis in high-risk individuals, using the
Fibrosis-4 (FIB-4) score initially and, if elevated,
a further non-invasive assessment such as vibra-
tion-controlled transient elastography (VCTE), is
critical for mitigating the heightened cardiometa-
bolic risks associated with MASH [65].

Heart Failure

HF subtypes present distinct challenges, reflect-
ing their varied underlying pathologies. HFpEF is
frequently associated with hypertension, obesity
and diabetes, while heart failure with reduced
ejection fraction (HFrEF) is more commonly
linked to ischaemic heart disease and renal
impairment [69-71]. Both subtypes often coex-
ist with other CKM conditions; approximately
25-40% of patients with HF have diabetes, and
approximately 40-50% have CKD, highlighting
the complex interplay between these conditions
and the need for integrated management [72].
The National Institute for Health and Care
Excellence (NICE) guideline NG106 recom-
mends N-terminal pro-B-type natriuretic peptide
(NT-proBNP) testing to evaluate suspected HF
[73]. For patients with HFrEF, current guidelines
advocate quadruple therapy, which includes an
RAAS inhibitor (or angiotensin receptor-nepri-
lysin inhibitor), a p-blocker, an MRA and an
SGLT2i—collectively termed the “four pillars” of
HFrEF management [74, 735]. Early initiation of

quadruple therapy after discharge, ideally within
30 days, aligns with recent expert consensus
recommending rapid sequencing of the four
foundational treatments for HFrEF to maxim-
ise prognostic benefits [74, 76]. However, these
therapies remain underutilised, often because of
polypharmacy concerns and clinical inertia [74].
Addressing these barriers through early, aggres-
sive optimisation of evidence-based treatments
is critical to improving outcomes for patients
with HE.

Advanced Renal Failure

Patients with an estimated glomerular filtration
rate (eGFR) below 25 ml/min/1.73m?, those on
dialysis and kidney transplant recipients (KTR)
represent a distinct and high-risk population
within CKM management. These individuals
face a significantly increased risk of cardiovas-
cular complications and mortality; however,
evidence-based treatment options and guide-
line-directed medical therapies remain limited
because of their frequent exclusion or underrep-
resentation in major clinical trials [1, 77, 78].

For example, there is limited evidence regard-
ing the use of SGLT2is, GLP-1 RAs and dual GIP/
GLP-1 RAs in patients with an eGFR < 20 ml/
min/1.73m? and in end-stage kidney disease
(ESKD) [29]. Nevertheless, emerging preclini-
cal and clinical data suggest that SGLT2is may
offer cardiovascular and renal benefits even in
advanced CKD, despite their diminished gly-
cosuric and natriuretic effects [29]. The ongo-
ing RENAL LIFECYCLE trial (NCT05374291) is
investigating the effects of dapagliflozin on car-
diovascular and renal outcomes in this high-risk
population [79].

Similarly, GLP-1 RAs have shown potential
cardiovascular and metabolic benefits in patients
with T2D and advanced CKD, including ESKD
[29, 78]. A recent meta-analysis indicated that,
although gastrointestinal side effects may occur,
GLP-1 RAs improve blood glucose control, pro-
mote weight loss and may provide cardiovascu-
lar benefits [29, 78].

For patients on dialysis, mineralocorticoid
receptor antagonists (MRAs) have also been
explored as a potential strategy to reduce
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cardiovascular risk. The ALCHEMIST trial, which
investigated spironolactone in haemodialysis
patients, failed to meet its primary endpoint.
However, it did demonstrate a reduction in heart
tailure hospitalisations, highlighting a promis-
ing therapeutic avenue that warrants further
investigation [80].

The global rise in CKD prevalence is contrib-
uting to an increasing number of patients reach-
ing CKD stage 5 and requiring kidney replace-
ment therapy [77]. Currently, an estimated 10
million individuals worldwide qualify for kidney
replacement therapy, and this figure is projected
to increase by 50% to 100% by 2030 [77]. Given
the persistent lack of data from large cardiovas-
cular outcome trials, there is an urgent need for
dedicated studies evaluating cardiometabolic
therapies in advanced CKD.

Frail Elderly

By 2072, the UK population aged =65 is pro-
jected to reach 22.1 million, representing 27%
of the total population [81]. Older adults, often
with multiple long-term conditions, present
unique challenges in CKM management due to
frailty and polypharmacy [82, 83]. Frailty, char-
acterised by loss of functional and homeostatic
reserve leading to functional and physiological
vulnerability, worsens cardiovascular outcomes,
especially in those over 75 with multiple long-
term conditions [82-84].

Individualised strategies, guided by tools like
the electronic Frailty Index and Rockwood Scale,
are essential to address age-related decline and
to ensure ongoing appropriate polypharmacy
[83]. Inappropriate polypharmacy can acceler-
ate frailty progression, with each additional drug
increasing the risk by 27% [85]. In this context,
deprescribing has emerged as an important strat-
egy, with emerging evidence suggesting it may
improve quality of life and survival, particularly
in older adults with multiple long-term condi-
tions [86]. Careful medication review is therefore
essential to optimise treatment while reducing
unnecessary drug burden.

Beyond medication management, targeted
pharmacological interventions can benefit
frail patients. The post hoc DAPA-HF analysis

demonstrated that dapagliflozin is effective
and well tolerated in frail patients with HFrEF,
highlighting the potential benefits of initiat-
ing treatment like SGLT2is in this population
despite clinical reluctance [87]. Additionally,
non-pharmacological strategies, such as car-
diac rehabilitation programs evaluated in the
REHAB-HF trial, show promise in improving
physical function, quality of life and frailty
metrics in older adults [82, 88]. Further research
is needed to optimise both pharmacological
and non-pharmacological strategies to improve
overall well-being in this special population.

Notably, frailty can be potentially modifiable
following a comprehensive geriatric assessment,
which includes a multidisciplinary evaluation of
physical, psychosocial, functional and environ-
mental factors [89]. This process may involve
assessments such as falls risk evaluation, medi-
cation review and occupational therapy assess-
ment [89].

Obesity

A recent Lancet Commission redefined clini-
cal obesity as a chronic disease resulting from
excess adiposity that impacts organ and tissue
function [90]. It critiques the current body mass
index (BMI)-based definition, noting it fails to
differentiate between fat and lean mass, consider
fat distribution or account for tissue or organ
dysfunction and functional status [90]. The
Commission recommends classifying obesity
as either clinical (with functional alterations in
organs) or preclinical (without such alterations)
[90]. Diagnosis now requires confirming excess
body fat through BMI, body measurements or
direct fat measurement (e.g., DEXA scan), with
specific waist circumference and ratio thresholds
for accurate assessment [90].

The National Child Measurement Programme
(NCMP) found that 9.6% of reception-age children
in England (ages 4-5) were obese in 2023/2024
[91]. This highlights the alarming rise in childhood
obesity, underscoring the need to prioritise early,
proactive education to promote healthy lifestyle
habits from a young age. Obesity increases car-
diovascular risk, accelerates CKD progression and
drives metabolic dysfunction. Multidisciplinary
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interventions focused on weight loss are essential,
particularly for patients living with T2D. Weight
loss of 5-10% is well established to improve meta-
bolic health, while 10-15% or more can modify
disease progression or even achieve remission [25].
NICE recommends setting an initial weight loss
target of 5-10% for people living with obesity [92].
Behavioural interventions, supported by struc-
tured weight management programs and person-
centred, stigma-free communication, can improve
treatment adherence [93-95]. GLP-1 and GLP-1/
GIP RAs can complement lifestyle interventions
for individuals with overweight or obesity and at
least one weight-related condition [96].

NICE guidance (NG246) also advocates a per-
sonalised, multi-component approach to obe-
sity management, combining lifestyle modifica-
tions, pharmacological treatments and, where
appropriate, non-pharmacological options [97].
Lifestyle interventions should include a bal-
anced, calorie-controlled diet, regular physical
activity tailored to the individual’s capacity and
behavioural strategies such as goal setting and
self-monitoring [97]. Pharmacotherapy, includ-
ing GLP-1 RAs and GLP-1/GIP RAs, may be con-
sidered when lifestyle changes alone are insuf-
ficient, with treatment decisions based on the
patients’ clinical profile, benefits and risks [97].
For individuals with severe obesity (BMI>40
kg/m? or>35 kg/m? with obesity-related comor-
bidities), bariatric surgery may be an option
following multidisciplinary assessment, with
long-term post-surgical support essential for
sustained weight management [97].

Type 1 Diabetes

T1D affects approximately 1 in 500 children and
young people under 15 years in the UK, with an
annual incidence of 25.6 per 100,000 in the gen-
eral population [98]. Between 2023 and 2024,
most people registered with T1D in England
were aged 40 years and younger, accounting for
44.7% of cases [99]. Patients living with T1D
face significantly higher risks of cardiovascular
and renal complications compared to the gen-
eral population [98, 100]. Despite advancements
in managing T2D, treatment options for CKM
complications in T1D remain limited. Current

guidelines emphasise the importance of inten-
sive glycaemic control, supported by structured
education and lifestyle optimisation, to reduce
long-term complications [101]. Continuous
glucose monitoring (CGM) is recommended for
enhancing glycaemic stability and preventing
microvascular and macrovascular damage [101].

Although SGLT2is have shown benefits in
other populations, their use in T1D is more
controversial because of the increased risk of
ketoacidosis [102]. This highlights the need for
careful consideration and monitoring regarding
these therapies, which remain off license. The
ongoing lack of targeted therapies to address
the specific cardiovascular and renal risks in
T1D underscores the need for further research
and the development of more effective treat-
ment strategies tailored to this population [103].
Encouragingly, FINE-ONE (NCT05901831) is
assessing finerenone in CKD with T1D, offering
a potential new avenue for managing renal com-
plications in this group [44].

Obstructive Sleep Apnoea-Hypopnoea
Syndrome

OSAHS, affecting up to 1.5 million adults in the
UK, is an under-recognised sleep-related breath-
ing disorder linked to obesity, T2D, CVD and
CKD [104-106]. It is characterised by recurrent
upper airway obstruction during sleep, leading to
intermittent hypoxia, oxidative stress and auto-
nomic dysregulation, all of which contribute to
hypertension, insulin resistance, endothelial dys-
function and systemic inflammation [104-107].

OSAHS is associated with a 37% increased risk
of developing T2D, with reportedly 58-86% of
T2D patients having OSAHS and 15-30% of
OSAHS patients having T2D [105, 108]. OSAHS
is also strongly linked to hypertension, HE, atrial
fibrillation, coronary artery disease and stroke
[109]. It is present in 30-50% of hypertensive
patients, 70-85% of those with resistant hyper-
tension and > 90% of those with refractory
hypertension [107]. The intermittent hypoxia
and sympathetic nervous system activation
characteristic of OSAHS contribute to vascular
dysfunction, increased arterial stiffness and the
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development of arrhythmias, which all worsen
cardiovascular outcomes [109].

Similarly, OSAHS accelerates CKD progres-
sion through nocturnal hypoxia, blood pres-
sure fluctuations and sympathetic overactivity
driving glomerular damage, albuminuria and
renal decline [110]. Interestingly, the relation-
ship between OSAHS and CKD is bidirectional,
with CKD also exacerbating the severity of
OSAHS, creating a cycle that further worsens
both renal and cardiovascular outcomes [110].

Screening for OSAHS should be prioritised, using
tools such as the Epworth Sleepiness Scale and
STOP-Bang questionnaire to identify high-risk indi-
viduals [111]. Continuous positive airway pressure
(CPAP) remains the gold standard for managing
moderate-to-severe OSAHS; however, adherence
can be challenging, making lifestyle modifications
including weight loss, alcohol reduction and smok-
ing cessation essential complementary strategies
[111]. A multidisciplinary approach, integrating
OSAHS management into CKM care pathways, is
key to improving long-term patient outcomes.

TECHNOLOGY IN CKM
MANAGEMENT

The integration of technology, particularly Al, is
revolutionising the management of CKM condi-
tions. Al and digital health tools are enhancing
early diagnosis, risk stratification and personal-
ised treatment while addressing challenges such
as inappropriate polypharmacy and disease com-
plexity (Fig. 3) [112-114].

Artificial Intelligence in CKM

Al has demonstrated transformative potential
in CKM care by leveraging large datasets to pre-
dict disease progression, optimise treatment and
improve outcomes [112, 114-117].

Al applications in cardiovascular care include
detecting arrhythmias, assessing HF risk and
identifying subclinical atherosclerosis [112,
115, 118]. Algorithms analysing electrocardio-
gram and imaging modalities, such as echocar-
diography and coronary computed tomography,
have significantly improved diagnostic precision
and risk stratification [115]. For example, Al can

1. Atrtificial Intelligence 2. Digital Health Tools 3. Ethical & Regulatory
+ Predicting CV events «  Wearable devices Considerations
(e.g., Al-driven ECG (Fitbit, Apple Watch, + Bias in Al models
analysis, heart failure risk CGMs) - Data security concerns

prediction) +  Remote monitoring .
(CardioMEMS, virtual Al
consultations)

» Detecting early CKD
(e.g., Al models for kidney

Transparent, explainable

disease progression) - Smart insulin pumps

» Personalising diabetes
management (e.g., Al-
driven glucose monitoring)

Fig.3 The role of Al and Digital Health in CKM Man-
agement. This figure summarises ways in which AI and
digital health tools are being implemented within CKM
management to improve patient care. There are also some
ethical and regulatory aspects that must be taken into con-

(Medtronic MiniMed)

sideration. A1 artificial intelligence, CGMs continuous glu-
cose monitor, CKD chronic kidney disease, CKM cardio-
vascular, kidney and metabolic, CV cardiovascular, ECG
electrocardiogram
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predict future cardiovascular events by integrat-
ing biomarkers, lifestyle factors and imaging
data [114, 118]. Additionally, machine learning
models aid in decision-making for therapies like
anticoagulation in atrial fibrillation, enabling
personalised treatment strategies [119]. In CVD,
Al-driven models may also help clinicians deter-
mine when to withdraw medications like diuret-
ics or beta-blockers to minimise pill burden.

Al plays a key role in detecting early kidney
disease, predicting progression and optimising
dialysis schedules [113, 116]. For instance, Al
algorithms can analyse electronic health records
to predict acute kidney injury or CKD progres-
sion more accurately than traditional risk scores
[113, 120]. In transplantation, AI enhances
donor-recipient matching and assists in evalu-
ating eligibility [121, 122]. Tools like KidneyIn-
telX personalise treatment in DKD by predicting
outcomes and guiding medication adjustments
[123].

In metabolic diseases, Al-driven models pre-
dict the onset and progression of T2D by analys-
ing patient data, including blood glucose trends
and lifestyle factors [117]. Combined with CGMs,
Al algorithms provide real-time feedback to opti-
mise glycaemic control [124]. For patients with
well-controlled blood glucose, Al can recom-
mend treatment de-escalation, such as reducing
insulin or transitioning to non-insulin therapies
like GLP-1 RAs or SGLT2is. Additionally, Al sup-
ports personalised weight management strategies
for metabolic syndrome and T2D [125].

Digital Health Tools in CKM Management

Digital health technologies complement Al in
CKM management by enhancing patient engage-
ment and enabling continuous monitoring.

e Wearable Devices: Tools like Fitbit, Apple
Watch and CGMs provide actionable insights
into physical activity, heart rate and glucose
levels [124, 126, 127]. CGMs such as Dexcom
G6 and Abbott’s FreeStyle Libre improve gly-
caemic control in diabetes, while smart insu-
lin pumps like Medtronic MiniMed enable
automated insulin delivery [124, 127].

¢ Telemedicine and Remote Monitoring: Plat-
forms for virtual consultations improve
access to care for patients with diabetes, HF
and CKD, particularly those in remote areas
[128-131]. Devices like the CardioMEMS
heart sensor allow real-time monitoring of
HF patients, reducing hospital readmissions
through timely interventions [127, 132].

e Other digital technologies such as the Clini-
cal Digital Resource Collaborative (CDRC) and
CVDPREVENT can support primary care teams
to deliver gold-standard patient care or explore
GP practice data to improve cardiovascular
healthcare respectively [133, 134].

Ethical and Regulatory Challenges

The use of Al in CKM care introduces ethical and
regulatory challenges, particularly related to bias,
transparency and data security. Al models may
exhibit bias if trained on unrepresentative datasets,
potentially leading to inaccurate predictions for
underrepresented groups, such as ethnic minori-
ties and women [91, 135, 136]. Inclusive datasets
and ongoing validation are needed to ensure equi-
table Al performance across populations.
Additionally, the integration of Al in clini-
cal decision-making raises concerns about the
impact on the person-centred clinician-patient
relationship [137]. Al’s role in treatment deci-
sions could alter patient perceptions of care,
leading to potential disengagement or mistrust
if not effectively communicated [137]. Fur-
thermore, Al's reliance on large-scale patient
data raises issues around privacy and security.
Compliance with regulations and implement-
ing robust data protection frameworks are cru-
cial to safeguard sensitive patient information
and maintain public trust [118, 135]. Another
concern is the “black box” nature of some Al
systems, where decision-making processes lack
transparency [135]. This can undermine clini-
cian trust and hinder Al adoption. Developing
transparent, explainable Al tools is critical for
improving transparency, maintaining trust and
ensuring clinicians can interpret Al-driven deci-
sions within the context of patient care [137].
As Al evolves from detection to decision-
making, questions arise about its regulation

A\ Adis



1168

Diabetes Ther (2025) 16:1155-1176

as a medical intervention. The Medicines and
Healthcare products Regulatory Agency (MHRA)
is addressing this by developing a strategic
approach to ensure safety while fostering inno-
vation [138]. Its “Al Airlock” initiative tackles
regulatory challenges for Al-integrated medical
devices, providing a framework for their safe clin-
ical use [138, 139]. The MHRA'’s efforts underscore
the importance of establishing clear guidelines
for Al-driven decision support in healthcare.

CONCLUSION

To improve outcomes for patients with CKM con-
ditions, a comprehensive approach is needed that
combines evidence-based therapies, technological
innovations and a focus on prevention. By address-
ing the interconnected nature of these conditions,
healthcare systems can streamline care pathways
and enhance the patient journey, improving the
sustainability of existing systems and ultimately
helping to improve both the quality and quantity
of life for people living with CKM conditions.

conditions effectively.

Call to Action for Future Cardiovascular, Kidney, and Metabolic (CKM) Care:

1. Integrate evidence-based therapies: Optimising CKM care requires the
integration of pharmacological treatments in an evidence-informed yet person-
centred manner alongside lifestyle interventions for optimal patient outcomes.

2. Leverage technology for personalised care: The use of artificial intelligence and
digital health tools can optimise treatment plans, enabling more precise, patient-
centred care and improving disease management across CKM conditions.

3. Prioritise lifestyle interventions and early diagnosis: Early detection and
interventions targeting shared risk factors, such as the disease of obesity, insulin

resistance and inflammation, remain key to managing and preventing CKM

4. Promote multidisciplinary care: A coordinated, holistic approach that addresses
the interconnected nature of cardiovascular, kidney, and metabolic conditions will

enhance care delivery and improve patient outcomes.
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