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Abstract
Background Cardiovascular disease remains the primary cause of morbidity and mortality despite advancements 
in the treatment of patients with type 2 diabetes. Effective diabetes management extends beyond blood glucose 
control and includes cardiovascular prevention and treatment. However, the conventional healthcare model often 
emphasizes single-disease-specific management, leading to fragmented care. We aim to establish an affordable 
Cardio-Metabolic Clinic (CMC) that can provide comprehensive assessment and specialized care with a focus on 
cardiovascular protection.

Methods The ProtecT-2-D study is a prospective, randomized control trial at the Cardiovascular Research Unit, 
Odense University Hospital Svendborg, Denmark. In this study, 1500 participants with type 2 diabetes and 
cardiovascular disease will be randomly assigned in a 2:1 ratio to receive either the intervention: treatment in the 
CMC, or the control: standard of care. The Cardio-Metabolic Clinic applies a decision-making algorithm coded with 
the latest guidelines to evaluate lifestyle factors and manage medical treatment. Health examinations are conducted 
at baseline and after three years, and clinical events will be assessed through registry and journal audits after five and 
ten years. The primary outcome is the time to the first occurrence of a composite of cardiovascular deaths, non-fatal 
acute myocardial infarctions, non-fatal stroke, or hospitalization due to heart failure at a time frame of five years.

Discussion The Cardio-Metabolic Clinic represents a pioneering approach to diabetes management that aims to 
improve patient outcomes by reducing the cardiovascular disease burden. This study could transform diabetes care 
and offer a multidisciplinary, cost-effective, and specialized treatment. We need to establish the efficacy and feasibility 
of a CMC to integrate comparable clinics into broader healthcare systems, and potentially enhance cardiovascular 
health in patients with type 2 diabetes.
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Background
The number of patients with type 2 diabetes (T2D) has 
more than tripled in the last twenty-five years, and every 
20th person in the Danish population is currently living 
with T2D [1].

The risk of developing cardiovascular (CV) disease 
or premature death is 2–4 times higher in patients with 
T2D compared with the general population [2]. T2D is a 
systemic disease that is associated with both macro- and 
microvascular complications, and it is often accompanied 
by other metabolic disorders like hypertension, dyslipid-
emia, obesity, and metabolic dysfunction-associated ste-
atohepatitis. A recent American study showed that half 
of T2D patients suffered from at least three other cardio-
renal-metabolic conditions [3]. Patients with T2D also 
have an increased risk of developing heart failure and 
cardiomyopathy due to diabetes [4].

The STENO-2 study [5] demonstrated that multifacto-
rial intervention on CV risk factors in patients with T2D 
significantly reduced mortality. Treatment with statins, 
angiotensin-converting-enzyme (ACE) inhibitors, and 
anti-hyperglycemic drugs are the cornerstone in the 
management of patients with T2D [6–8]. Similarly, the 

prospective RAMP study with more than 50,000 partici-
pants demonstrated a substantial reduction in CV risk 
(56.6%), microvascular complications (11.9%), and mor-
tality (66.1%) through multifactorial diabetes and risk 
factor intervention compared to the standard of care [9].

New treatments for patient with diabetes have revo-
lutionized the management of CV risk in patients with 
T2D and CV disease. Sodium-glucose co-transporter 2 
inhibitors (SGLT2i) and glucagon-like peptide 1 receptor 
analogs (GLP1-RA) have been a “game changer” in dia-
betes management because they demonstrate significant 
reductions in CV morbidity and mortality in patients 
with established atherosclerotic CV disease, heart fail-
ure, and reduced kidney function [10–18]. Neverthe-
less, patients with T2D continue to face an increased 
risk of heart failure and CV death [2]. Patient adherence 
and physician management are critical in diabetes care. 
The EUROASPIRE IV and V studies [19, 20] revealed 
issues such as incomplete dose titration, slow treatment 
updates, and poor follow-up by physicians, contributing 
to suboptimal care. This is particularly notable among 
female patients who show higher rates of guideline non-
adherence [21]. Furthermore, the healthcare system 
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usually focuses on single-disease management. Patients 
with T2D are managed in specialty-focused outpatient 
clinics, which often results in fragmented care, inad-
equate treatment, higher costs, and worse CV outcomes 
[22, 23]. This emphasizes a need for a multidisciplinary 
and thorough assessment of patients with T2D and a 
closer collaboration between the specialties in internal 
medicine.

We propose a Cardio-Metabolic Clinic (CMC) that 
provides comprehensive assessment and specialized care 
following current guidelines. The concept of such clinics 
have previously been emphasized, which often involve 
collaboration between specialists in cardiology, endocri-
nology, and nephrology, which results in high costs [22, 
24, 25]. A recent analysis questioned the cost-effective-
ness of primary care based cardio-metabolic risk preven-
tion programs [26]. Our goal is to develop an affordable 
and resource-efficient clinic model. Our CMC comprises 
of a decision-making algorithm to guide patient care and 
medical students or nurses that provide the daily patient 
contact under supervision of a cardiologist. Furthermore, 
we are broadening our clinical services to cover a wide 
range of cardiac conditions encountered in the outpatient 
cardiology clinic. This expansion includes patients with 
atrial fibrillation, severe hypertension, and valvular heart 
disease, along with the prevalent high-risk CV diseases.

Methods
Hypothesis
We hypothesize that a multidisciplinary approach in a 
Cardio-Metabolic Clinic will reduce the cardiovascular 
morbidity and mortality by 15% compared to the stan-
dard of care.

Objectives
The primary objective of the ProtecT-2-D trial is to 
examine if a Cardio-Metabolic Clinic is superior to the 
standard of care in reducing cardiovascular morbidity 
and mortality in patients with T2D and established heart 
or vascular disease.

Secondary objectives are to evaluate the changes in 
microvascular and macrovascular complications, proto-
col-driven medication, patient experienced symptoms, 
and the cost-effectiveness of the CMC.

Study setting
The ProtecT-2-D is a single-center, randomized, open 
label, prospective, controlled trial. The study is carried 
out at the Cardiovascular Research Unit at Odense Uni-
versity Hospital, Svendborg, Denmark.

Study population
Eligible participants include male and female adults (> 18 
years) with a confirmed diagnosis of T2D and established 

heart or vascular disease. This encompasses atheroscle-
rotic disease defined as: prior acute coronary syndrome, 
chronic coronary syndrome, stroke, peripheral arterial 
disease, or imaging-verified ischemic heart disease. Addi-
tionally, patients with heart failure, atrial fibrillation/flut-
ter, valvular heart disease, or hypertension treated with 
at least three antihypertensive drugs are eligible. Partici-
pants must understand all study procedures and provide 
informed consent. They cannot participate in other clini-
cal trials involving investigational products or devices 
that might interfere with the study endpoints, have other 
types of diabetes, and must have a life expectancy of 
more than 5 years. A full list of patient eligibility criteria 
can be found in the study protocol (Supplementary mate-
rial 1).

Recruitment and screening
Recruitment will be performed by the dedicated project 
staff at the Cardiovascular Research Unit in Svendborg, 
Denmark. Potential participants are found according 
to the eligibility criteria and are identified from patients 
referred from general practices, or with an appointment 
in the outpatient clinic of Cardiology or Endocrinology 
at Svendborg Hospital. Participants are invited by elec-
tronic letter and can contact the study staff if they are 
interested in participating. Written material is sent to 
participants prior to the first visit. During the visit, par-
ticipants receive oral information about the study, and 
informed consent is obtained before study-specific pro-
cedures begin. Participants are informed that they can 
decline participation or withdraw from the study at any 
time without consequences.

Randomization
Participants are randomized in a 2:1 ratio to one of the 
two arms, the intervention: Cardio-Metabolic Clinic 
(approximately 1000 patients), and the control: standard 
of care (approximately 500 patients) (R Fig. 1). Alloca-
tion is done at the first visit (V1 Fig. 1). Randomization is 
carried out using the Randomization Module in the elec-
tronic Case Report Form (e-CRF) system, REDCap. To 
ensure concealed allocation, the allocation table is cre-
ated by a REDCap team member, who is independent of 
the ProtecT-2-D project staff.

Baseline and follow-up
At visit 1 (V1 Fig. 1) participants will undergo a physical 
examination including medical history, anthropometrics, 
blood pressure, ankle/brachial index, foot examination 
and biochemical measurements. A detailed description 
of the examinations are provided in the protocol (Supple-
mentary material 1). The baseline visit for participants 
in the control group is then completed, and they will 
be advised to continue diabetes management with their 
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Fig. 1 Trial design and time schedule. V1 Visit baseline, V2 Follow-up visit after 3-years, V Individual visits in the Cardio-Metabolic Clinic, A1 Clinical event 
assessment after 5 years post-intervention, A2 Clinical event assessment after 10 years post-intervention
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Fig. 2 (See legend on next page.)
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primary physician. Whereas participants in the interven-
tion group, the CMC, follow a standardized evaluation 
and treatment program, further described in the next 
section. If a new treatment needs monitoring, individual 
visits are arranged (Vi Fig.  1). These can be telephone 
consultations or attendances. In some cases, additional 
biochemistry will be collected. All participants will be 
assessed at the three years follow-up visit and undergo 
the same examination program as the baseline visit (V2 
Fig. 1). Assessments of clinical events will be conducted 
at an average of 5 and 10  years following the interven-
tion (A1 + A2 Fig. 1). The occurrence of clinical events are 
assessed by journal audit and access to the Danish Health 
Data Authority.

Intervention: the cardio-metabolic clinic
Organization
The Cardio-Metabolic Clinic consists of a low-cost model 
and is organized in three different layers centered on the 
patients. The innermost layer consists of medical stu-
dents or specialized cardio-metabolic nurses, who main-
tains the daily patient contact and records the health 
examinations (V1, Vi,…, V2 Fig. 1) to the e-CRF (REDcap). 
A decision-making algorithm activates upon randomiza-
tion to the intervention arm with the purpose of offering 
tailored treatment recommendations. The second layer 
involves a review of patient risk profiles and the algo-
rithm-recommended treatments by a cardiologist. The 
third layer is used in complex cases requiring multidis-
ciplinary expertise, and it comprises an endocrinologist, 
nephrologist, and hepatologist.

Intervention
Participants in the CMC are evaluated with a decision-
making treatment algorithm in the REDcap-system. The 
treatment algorithm is coded in accordance to the most 
recent guidelines and recommendations for diabetes 
and CVD management [34]. Consequently, there may be 
modifications over time. Participants are categorized into 
cardiovascular risk groups using the SCORE2-Diabetes, 
a 10-year cardiovascular risk prediction model [34]. 
They receive interventions targeting nine specific areas 
(Fig. 2); dyslipidemia, hypertension, thrombosis prophy-
laxis, diabetes management, assessment of microvascular 
complications, evaluation of SGLT2-i and/or GLP1-RA, 

screening for peripheral artery disease, lifestyle modifi-
cations, and vaccinations. A detailed description of the 
treatment algorithm for the CMC can be found in the 
study protocol (Supplementary material 1). The interven-
tions of CMC are considered complete when a partici-
pant is fully uptitrated on all targeted treatment areas.

Outcomes
The effect of the CMC on the specified endpoints will 
be assessed as the between-group (CMC vs. standard of 
care) difference in change from baseline to follow-up at 
3 years, and for the clinical events as journal audits and 
queries after 5 and 10 years. A detailed description of the 
study outcomes is provided in the study protocol (Sup-
plementary material 1).

Primary outcome
The primary endpoint is the time to the first occurrence 
of a composite of CV death, non-fatal myocardial infarc-
tion, non-fatal stroke, and hospitalization for heart fail-
ure after 5 years.

Secondary outcomes

  • The time to the first occurrence of the primary 
endpoint after 10 years.

  • The time to the first occurrence of a one of the single 
components of the primary endpoint.

  • A combination of the single components of the 
primary endpoint to assess the total symptom 
burden.

  • Assessment of changes in micro- and macrovascular 
complications after 3 years.

  • Assessment of protocol driven medical changes.
  • Assessment of patient experienced symptoms.
  • Cost-effectiveness analyses of the CMC.

Timeline
The first participant was enrolled in January 2024, and 
we expect to enroll the last patient in January 2028. All 
participants will have a follow-up visit after three years 
where baseline assessments will be repeated. Clini-
cal events will be assessed at 5- and 10-years follow-up 
by journal audits and access to the Danish Health Data 

(See figure on previous page.)
Fig. 2 Overview of the treatment algorithm in the CMC. Participants in the intervention group, the CMC, will receive interventions targeting nine specific 
areas as shown in the figure. Participant’s risk of CVD is calculated using the SCORE2-Diabetes. The treatment algorithm is in accordance to the most 
recent guidelines from the European Society of Cardiology, therefore, there may be modifications over time. LDL Low-Density Lipoprotein, ACEi Angio-
tensin-Converting Enzyme inhibitor, ARB Angiotensin II Receptor Blocker, CCB Calcium Channel Blocker, MRA Mineralocorticoid Receptor Antagonist, IHD 
Ischemic Heart Disease, ASA Acetylsalicylic Acid, ADP Adenosine Diphosphate, AFLI Atrial Fibrillation, AFLA Atrial Flutter, PAD Peripheral Arterial Disease, 
HbA1c Hemoglobin A1c, SGLTi Sodium-Glucose Cotransporter Inhibitor, GLP-1 RA Glucagon-Like Peptide-1 Receptor Agonist, DM Diabetes Mellitus, 
eGFR Estimated Glomerular Filtration Rate, UACR Urinary Albumin-to-Creatinine Ratio, FIB-4 Fibrosis-4 Score, LVEF Left Ventricular Ejection Fraction, ASCVD 
Atherosclerotic Cardiovascular Disease, TOD Target Organ Damage, BMI Body Mass Index, ABI Ankle-Brachial Index, TBI Toe-Brachial Index, LEAD Lower 
Extremity Arterial Disease, COVID Coronavirus Disease
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Authority. Thus, the 5 years follow-up will be around Jan-
uary 2031 and 10 years follow-up in January 2036.

Statistics
Sample size is based on the primary endpoint (the time to 
the first occurrence of cardiovascular mortality and mor-
bidity). We anticipate a reduction in the primary end-
point of 15% in patients with T2D and established CVD 
assessed in the CMC compared to the standard of care. 
With a power of 80% and an alpha value of 0.05, 1306 
participants are needed. We anticipate a dropout rate of 
10–15%, and therefore 1500 participants will have to be 
included in the study.

The primary and secondary outcomes will be analyzed 
using cumulative incidence function for the composite 
primary outcome as well as each secondary outcomes. 
Furthermore, we will investigate CV-caused mortal-
ity through Kaplan Meier estimates. For the secondary 
numerical outcomes mixed-effects linear regression will 
be used. This will include a fixed effect for a time point, 
and a fixed effect for baseline values of the outcome. For 
each linear mixed effects model, a random intercept will 
be included for each enrolled patient. These outcomes 
will be measured at baseline and at three-year follow-
up for the group. Secondary categorical outcomes will 
be analyzed using multivariable logistic regression with 
generalized estimating equations, including adjustments 
for baseline factors. The statistical test will be performed 
in a hierarchical order according to the succession of the 
objectives. The p-value will be corrected with the Bonfer-
roni-Holm method. Potential effect modifiers considered 
are: sex, age, baseline treatment regime, and baseline 
comorbidities. All main analyses will follow an approach 
of intention-to-treat.

Ethics and dissemination
Ethical approval
The study was approved by the Ethical committee of the 
Region of Southern Denmark (Project-ID: S-20230015) 
in May 2023. The local ethical committee will be noti-
fied with a protocol amendment if any changes to the 
research project could potentially affect the participants.

The study is conducted in compliance with the Decla-
ration of Helsinki II and registered at ClinicalTrials.gov 
in January 2024.

Ethical considerations
Participation in this study involves an addition to the 
standard care that patients with CVD and DM2 already 
receive. The intervention in the CMC consists of a single 
visit with an in-depth and tailored review of the patient’s 
risk factors and potential optimization of treatment. 
The control group will continue to receive the standard 
care from their regular physician(s). Thus, the treatment 

should theoretically be equivalent, and we do not antici-
pate any associated risks from the intervention.

One ethical consideration is the risk of overburdening 
participants. This is addressed by conducting individual 
follow-up visits, typically by telephone. Participants 
are actively involved in the decision-making process for 
any new treatments and will be thoroughly informed of 
potential benefits, side effects and required monitoring 
beforehand. An individualized patient course is designed 
to ensure safety and provide appropriate support to par-
ticipants who may feel overburdened. A secondary end-
point is to assess the patient-experienced symptoms 
and determine whether the intensive medication regi-
men could cause stress or anxiety for participants due to 
increased focus on their condition.

Another ethical consideration is ensuring equity and 
fairness. While we do not discriminate based on age, we 
have an exclusion criterion of a life expectancy less than 
5 years to ensure the primary outcome can be assessed. 
Participants are not discriminated based on their socio-
economic status, however, some may chose not to par-
ticipate if they feel they are overburdened, which could 
sometimes correlate with their socioeconomic status.

Safety
Participants are monitored closely when new medica-
tion is prescribed. Potential side effects and tolerance 
to the medical treatment will be managed through indi-
vidualized patient courses, which may include additional 
blood and urine samples, if applicable. Follow-up evalu-
ation will be conducted by telephone consultations. Par-
ticipants will continue to receive the standard care from 
their regular physician, who will be informed of any 
treatment changes made in the CMC through correspon-
dence. Participants are advised to contact the project 
staff if they experience side effects or any issues related to 
the treatment initiated in the CMC.

All health examinations are considered harmless, non-
invasive and involve minimal inconvenience and dis-
comfort. The national patient insurance will cover the 
participants. No compensation or remuneration will be 
provided for participation in the study.

Data management
The law regarding General Data Protection Regulation 
and the Data Protection Act will be followed in the man-
agement of personal information (i.e. journal or health 
information). Study information will be recorded, han-
dled, and stored safely. Only persons with secrecy and 
connection to the study will access the data. Permission 
to process and store data was granted by the regional 
data protection agency at Odense University Hospital, 
and participant data will be stored using this electronic 
case-report form in REDCap.
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Dissemination
Scientific publications will be in accordance with the 
Vancouver recommendations. Positive, negative, or 
inconclusive results will be published in international 
peer-reviewed journals.

Discussion
The purpose of this study is to establish an affordable 
Cardio-Metabolic Clinic that offers a multidisciplinary, 
specialized care with a specific emphasis on cardiovascu-
lar protection.

A major strength of the ProtecT-2-D study is the ran-
domized controlled trial design. This design helps to 
minimize bias, and it provides a robust framework to 
assess the impact of the CMC compared to the standard 
of care without confounding influence. The intervention 
involves intensive diabetes management based on cur-
rent guidelines, while the control group receives standard 
of care from their regular physician. If the study yields 
positive results and demonstrates reductions in CV mor-
bidity and mortality, the CMC holds the potential to pave 
the way for integration of similar models into broader 
healthcare infrastructure. However, the single-center 
design conducted in Denmark may limit the applicabil-
ity of the findings to diverse populations and healthcare 
settings internationally. Future research could explore the 
feasibility of similar clinic models in different geographi-
cal locations and healthcare contexts.

The concept of integrated cardio-metabolic clinics have 
traditionally involved high costs due to the collaboration 
between specialists in cardiology, endocrinology, and 
nephrology [22, 24, 25]. This multidisciplinary approach, 
although beneficial, have been questioned in terms of 
cost-effectiveness [26]. The EUROACTION trial [35] 
demonstrated the effectiveness of nurse-coordinated, 
multidisciplinary, family-based cardiovascular disease 
prevention programs, to significantly improve lifestyle 
changes and cardiovascular risk management in patients 
with coronary heart disease and those at high risk. Our 
CMC builds on these findings but aims to be more cost-
effective. By employing supervised medical students, who 
are overseen by a cardiologist for 1–2  hours daily, and 
utilizing decision-making algorithms, we reduce the need 
for multiple specialists in routine cases, but ensure opti-
mal, tailored treatment. This makes our approach more 
affordable while maintaining high standards of care.

We hypothesize that the CMC model will offer better 
management of cardiovascular and metabolic conditions 
compared to the traditional primary care, through the 
algorithm-driven treatment plans and specialist super-
vision. Decision-making algorithms provide consistent 
and standardized care by ensuring all patients receive 
evidence-based treatments according to the latest guide-
lines, reducing variability in care. A scoping review [36] 

of clinical decision support systems found them effective 
and safe in enhancing diabetes care, particularly benefi-
cial for physicians with limited experience and patients 
who had limited access to medical resources.

The effectiveness of the interventions in the CMC is 
dependent on participants' compliance and adherence 
to recommended treatments and lifestyle modifications. 
Non-compliance or poor adherence could potentially 
diminish the impact of the CMC. The study is designed 
with only one initial visit, but with the flexibility to sched-
ule individual visits when required. This design serves as 
both a limitation and a strength. While the study design 
may pose challenges in participants’ adherence to pre-
scribed medications, on the other hand, it enhances the 
affordability and feasibility within the current organiza-
tional structure, thus making it a cost-effective solution.

Perspectives
A future research perspective could be to extend the use 
of artificial intelligence (AI) into the clinic model. The 
use of AI technologies offer potential to optimize admin-
istrative tasks such as eligibility screening and appoint-
ment scheduling. Large language models could automate 
data entry and generate journal reports. Furthermore, AI 
could augment personalized treatment recommendations 
through decision-making algorithms based on patients’ 
medical history and lab results. In the present study, the 
use of AI could improve efficiency and reduce costs while 
also reducing the burden on the project staff. Another 
future research perspective could integrate the same 
multidisciplinary approach aimed at other high-risk pop-
ulations. Diabetes is a major risk factor for development 
of CV disease, however, other chronic diseases are also 
known to exhibit a high CV risk. For instance, rheuma-
tologic conditions such as systemic lupus erythematosus, 
rheumatoid- and psoriasis arthritis, are associated with 
increased risk of CV events independent of traditional 
risk factors, and they might also benefit from a similar 
clinic concept [37].

Conclusion
In conclusion, the Cardio-Metabolic Clinic represents 
a pioneering, multidisciplinary approach to diabetes 
management that aims to improve patient outcomes by 
reducing the cardiovascular disease burden. Establish-
ing the efficacy and feasibility of the Cardio-metabolic 
Clinic may facilitate the integration of similar clinics 
into broader healthcare systems, which potentially could 
enhance cardiovascular health in patients with type 2 
diabetes and cardiovascular disease.

Abbreviations
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CV  Cardiovascular
ACEi  Angiotensin-converting-enzyme inhibitor
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GLP1-RA  Glucagon-like peptide 1 receptor agonist
CMC  Cardio-Metabolic Clinic
PAD  Peripheral arterial disease
HF  Heart failure
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AI  Artificial intelligence
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