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Abstract

Cardiovascular—kidney—metabolic (CKM) syndrome represents the complex interplay between cardiovascular disease (CVD), chronic
kidney disease (CKD), and metabolic disorders such as type 2 diabetes and obesity. These conditions share overlapping risk factors,
pathophysiological mechanisms, and clinical outcomes, leading to progressive organ dysfunction, as well as increased morbidity and
mortality. Traditional disease-specific care models, in which cardiology, nephrology, and endocrinology operate in separate clinics, are
increasingly inadequate for addressing the integrated nature of CKM syndrome. Patients often experience fragmented care, with different
specialties prioritizing different medications and communicating slowly via letters, which delays important guideline-directed medical
therapy (GDMT) for each organ system, potentially leading to higher rates of hospital admissions and mortality. New models of care are
urgently needed to improve outcomes through coordinated, patient-centered, and multidisciplinary approaches. Future integrated CKM
care models should emphasize cross-specialty collaboration, data sharing, and shared decision-making to optimize treatment and deliver
comprehensive care plans that consider all three specialty domains. Advances in digital health, precision medicine, and population health
analytics can support these models by enabling more accurate risk stratification, personalized interventions, and continuous monitoring
across the care continuum. This review, originating from an International Society of Nephrology Transplant Sister Center Meeting,
synthesizes the available evidence on multispecialty clinics and other interventions designed to improve care for patients with multiple
CKM comorbidities.

Keywords: cardiovascular—kidney—metabolic syndrome; cardiovascular diseases; clinic; multidisciplinary; interdisciplinary; kidney;
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1. Introduction timal CKM health, without CKM risk factors or estab-
Cardiovascular—kidney—metabolic (CKM) syndrome lished CVD. Stage 1 includes excess adiposity, insulin re-

is an emerging global public health problem that dispropor-  Sistance, or prediabetes, without other metabolic risk fac-
tionately affects people in low- and middle-income coun-  tors or CKD. In Stage 2, established metabolic risk factors
tries (LMICs) [1,2]. CKM describes the interplay between (e.g. metabolic syndrome, high triglycerides, hypertension,
metabolic diseases, such as obesity and type 2 diabetes mel- diabetes) or early CKD are present. Stage 3 is characterised

litus (T2DM), chronic kidney disease (CKD), and cardio- by early, subclinical CVD or a very high predicted risk of
vascular disease (CVD) [3]. The risk factors for CKM syn- developing CVD or advanced CKD. Finally, Stage 4 in-
drome encompass those of cardiorenal and cardiometabolic ~ dicates established, clinical CVD with or without ESRD
syndromes and, indeed, the established risk factors for within the CKM [3]. While most current treatment options
CVD, CKD, and metabolic diseases. Additionally, due to address the different organ dysfunctions separately (Ta-
the interconnectedness of the heart, kidney, and metabolic ble I, Ref. [4,5,6,7,8,9,10,11,12]), randomized controlled

health, dysfunction in any one of these systems can ad- trials have identified therapies that confer benefits across
versely affect the other two, thereby increasing overall dis- 2l three systems, such as sodiumfghljcose co-transporter 2
case burden and leading to higher rates of morbidity and ~ (SGLT-2) inhibitors [13], glucagon-like peptide-1 (GLP-1)
mortality. agonists [ 14], and non-steroidal mineralocorticoid receptor

CKM syndrome is classified into five stages (0—4), inhibitors [15]. Treatment of CKM stage 2 focuses on treat-
which facilitate diagnosis, identify areas for preventive ac-  ing individual components of CKM, including controlling

tion, and guide management [3]. Stage O represents op- hypertension to a target of <130/80 mmHg, aggressively
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Table 1. Models of care in the literature.

Location

Model of care

Number of patients and study period

Intervention

Outcomes

Vancouver, Canada [4]

Liverpool, UK [5]

Toronto, Canada [6]

Salford, UK [7]

Stockholm, Sweden [8]

Montreal, Canada [9]

Combined clinic (C, R, M)

Multispecialty MDT

Clinic with MDT elements

Clinic with MDT elements

Clinic with MDT elements

Combined clinic (C, R, M)

A total of 139 participants were randomized over
4 months, and 69 were evaluated in the combined

clinic (intervention).

Discussed 334 patients over 18 months.

Reviewed 98 patients over a 67-month period.

Reviewed 209 patients over 8 months, completing
more than 450 appointments.

A total of 131 participants were randomized over
35 months, and 71 participants were seen in clinic
with MDT elements.

Reviewed 232 patients over a 41-month period.

Face-to-face

Diabetes, cardiac, or renal nurse; dietitian, phar-
macist; nephrologist; cardiologist; endocrinolo-
gist.

Virtual meeting

HF cardiologists from community, secondary, and
tertiary care; HF specialist nurses from commu-
nity and hospital settings; nephrologist, endocri-
nologist, palliative care specialist, chest physician,
geriatrician, pharmacist, and pharmacologist.
Face-to-face

Cardiologist, nephrologist, endocrinologist, phar-
macist. Available if necessary: dietitian, chi-
ropodist, diabetes nurse educator, ophthalmolo-
gist technician.

Face-to-face

Nephrologists with a specialist interest in cardiore-
nal syndrome, diabetologists, and diabetes special-
ist nurses; cardiology input is provided via MDT
meetings.

Face-to-face and virtual meetings

Patients are first assessed by a specialist nurse,
followed by physicians specializing in cardiol-
ogy/nephrology/endocrinology.

The patient is then reviewed and discussed at bi-
weekly interdisciplinary meetings, and follow-up
is scheduled for 4 weeks after the initial visit.
Face-to-face

Patients are seen by a research nurse and a research
doctor. Afterward, the care of each patient is re-
viewed jointly by a cardiologist, nephrologist, and
endocrinologist. The patient is then seen by all
three clinicians together to discuss the care plan

and answer any questions.

Reduced hospital admissions

after 12 months of follow-up, with cost
savings (from reduced clinic appoint-
ments) for CAD 86,400 per year.
Reduced hospital admissions and outpa-
tient clinic attendances during a follow-up
period with a mean duration of 13.9 + 4

months*.

Improved BP control, reduced LDL levels,
reduced HbA Ic, after a median follow-up
of 24 months (10.8—43.3).

No outcomes reported.

Reduced heart failure (HF)-related hos-
pital admissions over a 2-year follow-up
(not statistically significant)®.

Increased hemoglobin, reduced HbAlc,
reduced NT-proBNP, reduced uACR, o0b-
served after a median of 187 days (123—
273) from first to last visit.
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Table 1. Continued.

Model of care Number of patients and study period Intervention

Outcomes

Glasgow, UK [10] Pharmacist-led clinic ~ Reviewed 225 patients over a 26-month period. Face-to-face
Patients are screened in primary care using rou-
tinely collected data from electronic health records.
An experienced pharmacist then meets with the pa-
tient for a 20-minute appointment to discuss med-
ications and care plans to optimize their care.
Ohio, USA [11] Health program Reviewed 426 patients over a 28-month period. Face-to-face or virtual
The team consists of a program administrator;

five cardiologists with special interest and training
in T2DM management, prevention, and vascular

medicine; two nurse coordinators; a dietitian; two
certified diabetes care and education specialists; a

pharmacist.
Various locations, USA [12]  Clinic intervention Recruited 43 cardiology clinics and randomized 25 Face-to-face and virtual
to the intervention arm. A travelling trio, consisting of an endocrinologist,
Recruited 1049 participants and randomized 459 to  a cardiologist, and an implementation specialist
the intervention group. with clinical nursing experience, initiated the in-

tervention in a cardiology clinic to improve care.

Increased eGFR 12-months post-
intervention.

Reduced BMI, reduced BP, reduced
HbAlc, reduced cholesterol and LDL,
reduced triglycerides, at a median follow-
up of 4 months (3-7), with a maximum
follow-up of 19 months.

Reduced incidence of the composite event
(all-cause mortality or hospitalization for
myocardial infarction, stroke, decompen-
sated HF, or urgent revascularization) af-
ter 12 months of follow-up.

1 Study participants were randomized using ballots in sealed envelopes, which did not result in equal group sizes (intervention, n = 73 vs. control, n = 58) (2 participants withdrew from the study after
randomization but prior to receiving the intervention). Participants randomized to the intervention group had worse kidney function (eGFR 41.6 + 13.3 vs. 51.0 & 17.1; p < 0.01) and higher N-terminal

pro-B-type natriuretic peptide levels (1760 [889-3923] vs. 971 [261-2535]; p < 0.01).

* Study compared hospital admissions over the same follow-up duration before the intervention (MDT discussion) and after. BP, blood pressure; LDL, low-density lipoprotein; HbAlc, hemoglobin Alc;
NT-proBNP, N-terminal pro—B-type natriuretic peptide; uACR, urinary albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; T2DM, type 2 diabetes mellitus; MDT, multidisciplinary team.
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controlling blood glucose, achieving appropriate weight
loss, and reducing albuminuria. Although syndrome-level
evidence for treating CKM remains limited, there is strong
evidence of risk reductions when treating the individual
components that constitute CKM.

These drugs, while associated with long-term bene-
fits, such as reduced rates of hospitalization and death, of-
ten have challenging immediate effects, including hyper-
kalemia and acute rises in creatinine. This often leads to
medications being started and stopped because different
specialties, operating in silos and with differing priorities,
make uncoordinated changes, fragmenting care and delay-
ing effective guideline-directed medical therapy (GDMT)
[16]. Notably, these effects increase patient frustration and
create challenges for specialty and primary care physicians,
as patient journeys are documented across multiple clinic
letters that do not cohere into a clear, cohesive plan.

In recognition of this problem, various models of care
have been proposed and trialed worldwide to deliver care
synchronously across the three specialties: nephrology, en-
docrinology, and cardiology. However, determining the
optimal model that enables cross-specialty coordination, re-
duces the appointment burden for both patients and clini-
cians, and improves outcomes across all three systems re-
mains a challenge. Accordingly, this review aims to sum-
marize existing models of care for patients with CKM syn-
drome and provide a brief discussion of potential adapta-
tions for LMICs.

2. Models of Care

Two main care models are currently described in the
literature for managing CKM syndrome: clinic-based and
multidisciplinary team (MDT)-based models (Table 1).

2.1 Clinics

In Vancouver, Canada, a cardio—renal-metabolic
clinic was developed and evaluated for effectiveness in a
randomized controlled trial (Fig. 1, Ref. [4,5]). A total
of 139 patients attending a kidney care clinic and either a
heart failure (HF) clinic and/or a diabetes clinic were ran-
domized between July and October 2005. The control arm
continued to attend multiple clinics separately, while the in-
tervention arm attended a single integrated, multispecialty
care clinic, where patients were seen simultaneously by a
nephrologist, a cardiologist, and an endocrinologist. Over
a 3-year follow-up period, the integrated multidisciplinary
clinic was not inferior to attending separate specialty clin-
ics in preventing hospitalizations. In addition, integrating
multiple specialty clinics was estimated to reduce the cost
of care by USD 1234 per patient per year compared with
attending multiple specialty clinics. Since this trial is now
20 years old, these findings likely underestimate the ben-
efits of a similar clinic today, given the broader range of
available medications and interventions, such as SGLT2 in-
hibitors and GLP-1 agonists.

Similarly, a heart-nephrology—diabetes (HND) clinic
was established in Stockholm, Sweden. This clinic com-
bined an initial consultation with a specialist nurse and a
follow-up evaluation by a cardiologist, nephrologist, or en-
docrinologist. Patients were then discussed at fortnightly
interdisciplinary meetings to develop comprehensive treat-
ment plans. Follow-up was organized 4—6 weeks later and
managed primarily by specialist nurses, with frequent tele-
phone calls. To evaluate the effectiveness of the clinic, a
randomized controlled trial was conducted between March
2015 and October 2021, in which 131 patients were ran-
domized to either the integrated HND clinic or standard
care, where each patient was seen separately in each spe-
cialist clinic [8]. Eligible participants had established CVD,
CKD stage 3—4, and diabetes mellitus. After adjustment
for baseline differences between groups, HND care clin-
ics tended to reduce the risk of HF-related hospitalizations
(hazard ratio (HR) 0.53, 95% confidence interval (CI) 0.28—
1.01; p = 0.05), and subgroup analysis showed that pa-
tients with HF had reduced risk from the intervention (HR
0.55, 95% CI 0.33-0.91; p = 0.016). Integrated care also
improved physical and social function scores, and self-
rated health (p = 0.02, p = 0.02, and p = 0.01, respec-
tively). Following participant feedback, the possibility of
crossover from standard care to the integrated clinic after 1
year was introduced and accepted by 51% of the control
group. Although these actions complicated the analysis,
they also showed strong patient preference for combined
care. The crossover would likely strengthen the argument
that this clinic is effective, as it would likely underpower
the study, which reported statistically significant improve-
ments in physical and social function scores, as well as a
reduced risk of hospitalization among participants with HF.

A similar model, the Cardiac and Renal Endocrine
(CaRE) clinic, was developed in Toronto, Canada [6], as
a monthly, multidisciplinary, interprofessional service ac-
cepting referrals for patients with type 2 diabetes and co-
existing renal disease and/or CVD. This clinic not only
combined cardiology, nephrology, and endocrinology clin-
ics into a single consultation, but also included other dis-
ciplines, such as chiropodists, ophthalmologists, dietitians,
and pharmacists, to support clinic attendees. The effec-
tiveness of this setup was evaluated in a retrospective co-
hort study from July 2014 to February 2020. Of 118 pa-
tients referred, 74 had data available for both their first and
last clinic visits and were included in the analysis. The
study found a higher uptake of SGLT-2 inhibitors (35.1%
vs. 4.1%; p < 0.01), GLP-1 agonists (13.5% vs. 4.1%; p =
0.02), and statins (93.2% vs. 81.1%; p=0.01). This was as-
sociated with significant improvements in hemoglobin Alc
(HbAlc) (7.5% vs. 7.1%; p = 0.02), low-density lipopro-
tein (LDL) cholesterol (1.9 mmol/L vs. 1.5 mmol/L; p <
0.01), and the proportion of patients achieving the required
blood pressure (BP) target (52.7% vs. 36.5%; p=0.04). No
change was noted in body mass index (BMI) (29.7 kg/m?
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Fig. 1. Diagram of different models of care. The process of the Joint Clinic Model [4] and the multidisciplinary team (MDT) model

[5].

vs. 29.6 kg/m?; p=0.15). Nonetheless, this study is limited
by the small sample size, which not only reduces statistical
power but also suggests the model may be challenging to
replicate at scale, given that only 74 of 118 referred partic-
ipants had complete data over nearly 6 years.

More recently, a CKM clinic was also developed in
Montreal, Canada [17]. Patients were first assessed by a
specialist nurse, who triaged the patients to the most appro-
priate specialist, such as a cardiologist for those with HF.
The specialist physician then discussed the case with the
other specialty physicians, in this case nephrology and en-
docrinology, to reach a consensus care plan. All three spe-
cialties then saw the patient together to address questions,
and two further appointments were scheduled to optimize
medications. The effectiveness of the clinic was evaluated
in a retrospective cohort study of 232 patients seen between
October 2020 and March 2024 [9]. The use of GDMT in-
creased significantly between baseline and the last clinic
visit, with an increase in the use of SGLT2 inhibitors (46%
vs. 87%; p < 0.01), GLP-1 agonists (10% vs. 48%; p <
0.01), renin—angiotensin—aldosterone system (RAAS) in-
hibitors (77% vs. 91%; p < 0.01), and mineralocorticoid
receptor antagonists (25% vs. 44%; p < 0.01). Over-
all, there was a reduction in the use of non-prognostically
beneficial diabetes drugs, such as sulfonylureas (27% vs.
21%; p = 0.04), dipeptidyl peptidase-4 (DPP-4) inhibitors

&% IMR Press

(34% vs. 15%; p < 0.01), and insulin (27% vs. 17%;
p < 0.01). These therapeutic changes were accompanied
by improvements in laboratory biomarkers, with decreases
in N-terminal pro—-B-type natriuretic peptide (NT-proBNP)
(-469 pg/mL, 95% CI —750 to —189; p < 0.01), HbAlc
(-0.6%, 95% CI —1.0% to —0.3%; p < 0.01), and urine
albumin—creatinine ratio (—215 mg/g, 95% CI —422 to -9;
p = 0.04) between baseline and the last clinic visit. This
study shows that the clinic applies guideline-directed ther-
apy effectively across all three specialties for these patients
but struggles to demonstrate superiority over conventional
therapy due to the lack of a comparator.

2.2 Innovation Beyond Clinics

In a different approach, a large MDT was established
in Liverpool, United Kingdom, to manage patients with
multiple comorbidities and HF [5]. A monthly multispe-
cialty MDT meeting was conducted via online videocon-
ferencing. This meeting brought together HF cardiologists
from secondary and tertiary care, HF nurses, a nephrolo-
gist, an endocrinologist, a geriatrician, a chest physician, a
palliative care specialist, a pharmacist, and a clinical phar-
macologist. All MDT members discussed patients and pro-
vided input on optimizing GDMT for HF, CKD, and di-
abetes control, as well as on complex chronic respiratory
pathologies, fall risk assessment, cognitive dysfunction,


https://www.imrpress.com

and advanced care planning. The impact of this multispe-
cialty, multidisciplinary input was evaluated between Jan-
uary 2020 and June 2021 and compared with an observa-
tional retrospective cohort study of 334 patients. The study
found that the MDT successfully optimized diabetes man-
agement (HbAlc pre-MDT 68 £+ 11 mmol/mol vs. post-
MDT 61 £ 9mmol/mol; p < 0.001), initiated RAAS in-
hibitors in HF with reduced ejection fraction (HFrEF) with
advanced CKD (9% pre- vs. 71% post-MDT; p < 0.001),
and reduced all-cause hospitalizations (pre-MDT 1.1 + 0.4
vs. 0.6 = 0.1 post-MDT; p < 0.01). The introduction of
the MDT was estimated to result in total cost savings to
the healthcare system of approximately USD 890,000, or
USD 2600 per patient. This study compared pre- and post-
MDT outcomes among participants to assess the impact of
the MDT. However, there was no concurrent standard-of-
care comparator group to determine whether the MDT en-
hanced treatment outcomes.

Further north in Glasgow, a different service model
was developed. Clinical pharmacists based in primary
care practices reviewed the electronic health records of pa-
tients and developed individualized care plans [10]. These
plans were then discussed with patients to optimize comor-
bidity treatment and minimize potentially harmful medi-
cations, such as nephrotoxic agents. Although this was
a prospective intervention scoping study and all analy-
ses were conducted for hypothesis-generating purposes,
the study showed a minor but statistically significant im-
provement in eGFR 12 months after the intervention (2.9
mL/min/1.73 m?; 95% CI, 1.41-4.40; p < 0.01); while
statistically significant, this result is not clinically signifi-
cant. Future fully powered trials could address this by us-
ing eGFR slope as an outcome measure or by extending the
follow-up period.

Currently, all interventions require patients to attend a
clinic or be referred to an MDT. Instead, a team in Cleve-
land, Ohio, USA, set up a program to bring a multi-specialty
clinic to patients. Using a combination of in-person and
virtual visits, the clinic brings together five cardiologists, a
program administrator, a nurse coordinator, a dietitian who
is also a certified diabetes care and education specialist, and
a pharmacist. After an initial visit to determine the over-
all cardiovascular risk of each patient, the team devises a
comprehensive lifestyle and pharmacological intervention
plan. Patients are then supported by the team, including in-
surance, pharmacy, and assistance programs staff, to obtain
the medication(s) in the most affordable way possible. Be-
tween May 2020 and September 2022, 426 patients were
enrolled in the CINEMA program. Over a median follow-
up of 4 months (interquartile range (IQR) 3—7 months), us-
ing a linear mixed regression model, CINEMA is estimated
to have reduced the BMI by 0.86 kg/m? (95% CI 0.68-1.05;
p < 0.01) and HbAlc by 0.47% (95% CI 0.35-0.59; p <
0.01) [11]. A comprehensive assessment that incorporates
multiple specialties, along with support from insurance and

assistance programs, appears helpful to patients. However,
these factors are mainly specific to the United States health-
care provision context and may not be directly transferable
to systems without adaptation.

Not all interventions focused solely on patients.
Pagidipati et al. [12] showed that a trio compris-
ing cardiologists, endocrinologists, and an implementa-
tion specialist could improve cardiology clinics across the
United States, increasing prescribing rates of high-intensity
statins, angiotensin converting enzyme (ACE) inhibitors
or angiotensin-receptor blockers (ARB), and SGLT2 in-
hibitors or GLP-1 agonists in a clustered randomized con-
trolled trial. Cardiology clinics randomized to the inter-
vention arm received clinic-specific analyses of barriers to
evidence-based care, development of local interdisciplinary
pathways, support for coordination of care among clinicians
within the local clinics, clinician education on current prac-
tice guidelines, a standardized monthly audit and feedback
of quality metrics, and educational materials for patients
(Fig. 2, Ref. [7,12]). The tailored nature of the clinic-level
barriers and the specific solutions provided by the trio gen-
erated heterogeneity in results and may limit the generaliz-
ability and ease of replication of this model in other settings.

In Salford, UK, an outpatient improvement program
was established that used modern electronic health records
to analyze routinely collected healthcare data and produce
a dashboard to identify and risk-stratify patients [7]. Fol-
lowing this initial filtering process, high-risk patients were
invited to a CKM clinic, where a nephrologist with cardio-
vascular expertise, a diabetologist, and a diabetes specialist
nurse assessed each patient. Cardiology input was provided
via MDT meetings. According to a brief report, this mul-
tispecialty clinic provided care to 209 patients in the first
8 months. Unfortunately, this short report does not include
any clinical outcome data. Analysis of clinical outcomes is
planned for 2025 and is expected to clarify the effectiveness
of this novel intervention.

At St George’s Hospital, London, authors D.B., L.A.,
and M.C. have established a CKM clinic in which referred
patients are seen jointly by an endocrinologist, a cardiol-
ogist, and a nephrologist, enabling a comprehensive man-
agement plan and opportunities for patients to address ques-
tions with all three specialties. This clinic primarily serves
patients with CKM stage 4. In response to this, our clinic
began visiting individual primary health surgeries to discuss
patients with CKM stage 2—4 and to formulate a compre-
hensive medical plan to be implemented by the associated
primary health physician. At present, we have managed
150 patients in this pilot scheme. Initial audits showed that
clinic-generated plans included input from at least two spe-
cialties in 67.6% of cases and from all three specialties in
55.9% of cases. The most common interventions were op-
timization of HF and CKD medications (68.5%), optimiza-
tion of glycemic control (62.2%), and obesity management
(62.2%).
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Fig. 2. Diagram of less-conventional models of care. The models of Pagidipati et al. [12], which improve cardiology clinics, and

Al-Chalabi et al. [7], which utilize digital health to screen patients.

In South West London, a multispecialty clinic for
CKD-hemodialysis (HD) patients, staffed by cardiologists
and nephrologists, has been shown to be beneficial for op-
timizing RAAS inhibitor therapy and anemia management
[18]. However, much more can be achieved to reduce hos-
pitalizations in this vulnerable group of patients with renal
impairment and HF [19].

Collectively, these studies show that there are innova-
tive approaches to detecting, assessing, and treating these
complex patients within individual health systems. How-
ever, these approaches share similar limitations in how
each navigates and utilizes the intrinsic characteristics of
the associated health systems to benefit individual patients
and mitigate system-level shortcomings, such as the CIN-
EMA program having specialists to navigate the difficulties
around health insurance in the United States, or the Salford
study that utilizes the ubiquitous nature of primary care ser-
vices in the United Kingdom. These context-specific fea-
tures make such models difficult to replicate in countries
that lack similar infrastructure.

Moreover, these schemes are resource-intensive and
are therefore likely to be difficult to implement in LMICs.

2.3 CKM Care in Low- and Middle-Income Countries

CKM syndrome affects a disproportionately higher
proportion of the population in LMICs. The global preva-
lence of CKD alone is about 788 million, with the highest
rates observed in LMICs, at 15.2% and 16.3%, respectively,
compared with 10.8% in high-income countries [20]. Of
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the 589 million people with diabetes worldwide, the largest
numbers live in Southeast Asia (107 million) and the West
Pacific Rim (215 million). Currently, an estimated 4 in 5
patients with T2DM live in LMICs [21]. In 2023, 1.5 billion
people were living with metabolic syndrome, again with the
highest prevalence in LMICs [22]. The high prevalence of
metabolic syndrome, diabetes, and CKD results in a high in-
cidence of CVD in LMICs. In 2023, CVD was the leading
cause of disability-adjusted life years (DALYs) and death
globally, accounting for 19.2 million deaths and 437 million
DALYs. Age-standardized CVD DALY rates were highest
in low- and low—middle sociodemographic index (SDI) re-
gions and lowest in high-SDI regions [23].

Low SDI countries spend the least on healthcare;
hence, access to preventive care for CKM syndrome is lim-
ited, resulting in poor outcomes, such as disability, hospi-
tal admissions, and death. In addition, low health literacy,
public and political willingness to tackle disease, combined
with food insecurity, unemployment, and poverty, results
in poor care for patients with CKM syndrome, particularly
in low-income regions. Therefore, addressing CKM syn-
drome in this context will require a pragmatic approach,
grounded in innovative, simple-to-implement, technology-
assisted strategies as outlined below.

First, expanding access to diagnostics is critical for
early identification of at-risk individuals. A simple, low-
cost diagnostic bundle in primary care, comprising basic
anthropometric measurements (height, weight, and waist
circumference), urine dipstick testing, lipid profile, fasting
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blood glucose, and serum creatinine, can facilitate early di-
agnosis and effective risk stratification of CKM syndrome.
Earlier identification allows timely intervention, reducing
progression to advanced disease that requires expensive
specialist care.

Second, increasing access to care can be achieved by
extending the healthcare workforce beyond physicians. Ed-
ucation and training of allied healthcare professionals, com-
munity health workers, and lay health providers in the basic
identification and management of CKM syndrome can sub-
stantially expand service capacity. Digitalization, through
mobile phones and digital health platforms, can further
amplify outreach, support risk identification, and enable
guideline-driven management at scale. Community-based
digital initiatives, such as large population programs imple-
mented in Indonesia, demonstrate the feasibility of this ap-
proach in rural, resource-limited settings [24].

Third, strengthening the confidence of physicians in
managing CKM syndrome in primary care can reduce the
use of high-cost specialist services. With appropriate edu-
cation and clinical pathways, primary care physicians can
safely manage key components of CKM syndrome, includ-
ing BP control to guideline-recommended targets and the
use of evidence-based therapies such as ACE inhibitors,
SGLT2 inhibitors, and GLP-1 agonists. Enhancing primary
care capability reduces care costs for individuals, alleviates
specialist burden, and increases volume of care provided by
the system while maintaining quality of care.

Fourth, community-wide campaigns focused on CKM
syndrome, the associated adverse effects, and management
are required to improve health literacy and political willing-
ness to tackle the rising burden of this syndrome.

2.4 Beyond the Horizon

Apart from clinicians managing patients, there has
been increasing recognition of the importance of patient
self-management, paralleling the revolution in diabetes care
brought about by continuous glucose monitoring (CGM)
systems [25].

Firstly, there has been an increasing use of commer-
cially available wearable devices, such as Fitbits, in clin-
ical trials. For example, a randomized controlled trial of
patients with HF evaluated the relationship between daily
step count and health status, as assessed by the Kansas City
Cardiomyopathy Questionnaire (KCCQ) [26]. The study
found that higher step counts were associated with signifi-
cantly higher KCCQ scores for total symptoms (p < 0.001)
and physical limitation (p < 0.001) at baseline. Moreover,
changes in daily step count were associated with signifi-
cant alterations in KCCQ scores for total symptoms (p =
0.004) and physical limitation (p = 0.003) from baseline
to 12 weeks. These findings highlight the potential uses
of commercially available wearable devices for monitoring
and improving cardiovascular outcomes.

In addition to commercially available products, there
has also been an effort to use custom-built wearable tech-
nologies to help guide clinical decision-making. A random-
ized controlled trial showed that a wearable device, capable
of measuring ECG signals via two electrodes and detect-
ing thoracic fluid levels using low-energy electromagnetic
waves, helped guide the management of patients with acute
decompensated HF following hospital discharge [27]. The
study found that using data from the HF monitoring sys-
tem wearable device to guide HF management reduced the
90-day HF readmission rate by 38% (HR 0.62; p = 0.03),
with an absolute reduction of 7%. The number needed to
treat to prevent hospitalization with HF was 14.3. In addi-
tion, patients in the intervention group reported an average
12-point improvement in quality of life compared with the
control group (p < 0.01). These results suggest significant
benefits of remote monitoring devices in the management
of HF.

In addition to wearable technologies, point-of-care
(POC) testing has attracted renewed research interest, par-
ticularly for screening and monitoring CKD and for ad-
justing renal medication doses in community settings [28].
The value of using POC testing for community screening
was demonstrated by the First Nations Community-Based
Screening to Improve Kidney Health and Prevent Dialysis
(FINISHED) trial, which aimed to identify individuals with
diabetes, hypertension, and CKD in rural and remote re-
gions of Canada [29]. Among 1346 adults screened, 25.5%
had CKD, with a higher prevalence in remote communi-
ties accessible only by air (34.4%) than in those accessible
by road (17.6%), highlighting the value of simple, easily
accessible screening tools. In another example, a Spanish
study evaluated the effectiveness of POC creatinine testing
used in community pharmacy settings for flagging nephro-
toxic drugs for adjustment or withdrawal by primary care
physicians [30]. In a cohort of 87 patients taking 635 med-
ications, POC creatinine testing identified 50 (7.9%) medi-
cations affected by impaired renal function, recommending
dose adjustment for 31 and withdrawal for 19. Of these,
primary care physicians accepted six (19%) recommenda-
tions for dose adjustment and eight (42%) for withdrawal,
demonstrating the utility of POC testing for medication ad-
justment in the community.

Collectively, these new technologies may generate
rich data to support better clinical management and risk
prediction, and enhance patient autonomy by enabling self-
management steps, such as adjusting furosemide doses in
a manner analogous to CGM-guided insulin adjustment in
diabetes. These remote monitoring tools may also pave the
way for managing HF patients at home, as demonstrated by
the “Managing heart failure @home” initiative in the UK
[31].
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Fig. 3. Map of models of care described in this review. A map of North America and Europe illustrates that all models of care described

in this review are located in high-income countries in these regions. Original figure generated with R https://www.r-project.org/ and

ggplot2 https://ggplot2.tidyverse.org/.

2.5 Future Directions

Fig. 3 shows a distinct problem: all current published
CKM initiatives have been based on high-income countries
in Europe and North America. This is concerning because
epidemiological studies have shown a similar risk of CKM
in large populous nations such as India [32] and China [33].
The problem is further exacerbated by risk calculators such
as the PREVENT [34], which has not been validated in
South Asian populations. Therefore, global initiatives and
guidelines must consider local conditions.

3. Conclusion

The optimal management approach for CKM syn-
drome has yet to be defined. Multiple initiatives world-
wide aim to identify the most effective and patient-friendly
strategies for managing patients with CKM syndrome,
whether in a clinic setting with multiple specialties, at an
MDT meeting, or through novel technologies that facilitate
patient self-management. The most effective intervention
will likely combine clinic-based specialist care for high-risk
patients and self-management supported by novel technolo-
gies for low-risk patients, to reduce disease progression and
provide high volumes of care. However, each solution will
need to be tailored to the individual health system.

Nonetheless, further research is needed to determine
whether an optimal model of care for CKM syndrome can
be defined, which will improve morbidity and mortality
outcomes and enhance quality of life for patients.
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