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ABSTRACT

Background. Patients with cardiovascular disease (CVD), diabetes mellitus (DM) and chronic kidney disease (CKD) often
experience fragmented care, which negatively impacts outcomes and health-related quality of life (HRQoL). This study
assessed whether multidisciplinary, person-centred care at an integrated clinic improves clinical outcomes and HRQoL.
Methods. This prospective, open, blinded-endpoint trial (CareHND; NCT03362983) included 131 patients with CVD, DM
and CKD stages 3—4, most of whom were enrolled during or shortly after acute hospitalization. The intervention group
received person-centred care from cardiologists, nephrologists, endocrinologists and specialist nurses at an integrated
clinic; the control group received traditional care from separate specialists. Primary disease progression outcome was
the composite of major adverse renal and cardiovascular events (MARCE) including death, heart failure (HF) readmission,
myocardial infarction, percutaneous coronary intervention/coronary artery bypass graft, acute or end-stage kidney
failure, or transient ischaemic attack/stroke at 2 years. Co-primary person-centred outcomes was self-reported HRQoL by
RAND-36.

Results. In a pre-specified interim analysis, patients randomized to integrated care had lower estimated glomerular
filtration rate and higher NT-proBNP (N-terminal pro brain natriuretic peptide) than traditional care. Follow-up ranged
from 2.0 to 5.7 years. Kaplan-Meier analysis showed no difference in MARCE between groups. Cox-regression adjusting
for baseline differences, indicated a trend towards reduced HF hospitalizations for integrated care (hazard ratio 0.53;
confidence interval 0.28-1.01; P = .054). Integrated care improved role physical and social function scores, and self-rated
health (P =.021, P = .019 and P = .011, respectively).

Conclusions. Integrated care improved several dimensions of HRQoL but did not improve MARCE compared with
traditional care in this small trial. We observed a trend towards reduced HF hospitalizations. Overall, integrated care
presents a promising alternative.
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GRAPHICAL ABSTRACT
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Patients with concurrent cardiovascular disease (CVD), chronic kidney disease (CKD), and diabetes mellitus (DM)
often receive fragmented care from multiple specialists, negatively impacting their health and quality of life.
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adverse kidney or cardiovascular events. Integrated care appears an attractive
alternative and may offer potential healthcare system savings.
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KEY LEARNING POINTS

What was known:

e Patients with concurrent cardiovascular disease (CVD), chronic kidney disease (CKD) and diabetes mellitus (DM) often receive
fragmented care from multiple specialists, potentially negatively impacting their health outcomes and quality of life.

e Previous studies suggested that multidisciplinary team care could improve outcomes for patients with heart failure and CKD
but there is limited evidence for patients with multimorbidity involving CVD, CKD and DM.

e There was a need to assess whether an integrated, person-centred care model could be feasible and offer benefits over
traditional, separate specialist care for this complex patient group.

This study adds:

e Recently hospitalized patients with concurrent CVD, CKD and DM are at extremely high risk for death or new major adverse
renal or cardiovascular events (MARCE), and have low health-related quality of life (HRQoL).

e Integrated person-centred care improves several dimensions of HRQoL in patients with concurrent CVD, CKD and DM.

e While integrated care did not significantly improve MARCE in this small trial, it showed a trend towards reduced heart failure
hospitalizations.

Potential impact:

e The findings highlight the importance of integrated, person-centred care models for patients with multimorbid conditions,
which could improve their overall quality of life.

e Healthcare providers may consider implementing integrated care clinics to provide more cohesive and effective treatment
for patients with complex health needs.




INTRODUCTION

Common and shared risk factors contribute to the development
and progression of cardiovascular disease (CVD), chronic kid-
ney disease (CKD) and diabetes mellitus (DM) within the car-
diovascular, renal and metabolic (CaReMe) disease continuum
[1-4]. The most important modifiable risk factors for these in-
clude sedentary lifestyle, obesity, hypertension, dyslipidaemia
and smoking [1-3], and a multifactorial intervention in these
patients has large effects on outcome [5]. Still, age remains a
major risk factor, and with an ageing population these comor-
bidities will escalate [6, 7]. CaReMe diseases are associated with
adverse clinical outcomes and poses significant challenges for
patients and healthcare providers globally [3]. The intricate na-
ture of these comorbidities necessitates a multidisciplinary ap-
proach [4]. At the same time, the healthcare system is locked in
a traditional single-disease specialization [4, 6, 7].

It was recognized early that multidisciplinary team care im-
proves patients’ quality of life and outcomes, and reduces hos-
pitalizations for patients with heart failure [8]. The evidence
for multidisciplinary care is limited but promising for patients
with CKD [9], and in patients with type 2 DM [10]. The definition
of ‘multidisciplinary’ vary substantially between studies, and is
commonly limited to involve different healthcare professionals,
however still within their separate specialties. Ideally, a CaReMe
team would include nurses and physician specialized in cardiol-
ogy, endocrinology, nephrology and primary care, and associated
healthcare practitioners including pharmacologists, physiother-
apists and nutritionists [4]. There are a limited number of stud-
ies on such truly integrated clinics. The first in the CaReMe area
is the Integrated Care Clinic at St Paul’s Hospital in Vancouver,
demonstrating feasibility in a small, randomized trial [11]. While
professional associations highlight the importance of an inte-
grated care practice, both from the medical and from the man-
agement perspective [4, 6], they also acknowledge a substantial
need for further trials.

While integrated care appears attractive from a care-provider
perspective, it is also important to acknowledge that CaReMe
patients often experience low health-related quality of life
(HRQoL) [12, 13], despite receiving abundant care from many
providers [14]. Replacing established patient-care provider
relationships needs time to develop [15], and requires trust
and focus on the patient’s needs, abilities and desires [16]. The
philosophy of care built around the needs and tailored to the
individual patient is commonly termed person-centred care.
Person-centred care is described as a partnership between the
patient, their relatives and the healthcare professionals, where
the decision-making is done together. Person-centred care
has been shown to have a positive impact on HRQoL in many
diseases, including heart failure [16-18].

An integrated care clinic for the multimorbid patient group
with combined CVD, CKD and DM using a person-centred ap-
proach appears attractive from several aspects, with potential
to improve HRQoL and delay disease progression. We aimed to
assess this in a pragmatic, prospective randomized trial.

MATERIALS AND METHODS

This trial was conducted at the heart-nephrology-diabetes
(HND) Centre, a multidisciplinary outpatient clinic at Dan-
deryd University Hospital, affiliated with Karolinska Insti-
tutet. Established in 2013, the HND Centre manages patients
with concomitant CVD, CKD and DM, providing integrated,
person-centred care for CaReMe comorbidities [7]. All staff
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received training in person-centred care upon the clinic’s
initiation.

The standard protocol begins with an initial consultation
with a specialist nurse, followed by evaluation by a physician
specialized in cardiology, nephrology or endocrinology. Patients
are reviewed as needed at bi-weekly interdisciplinary confer-
ences to develop comprehensive treatment plans. Urgent medi-
cal changes are made, and the treatment plan is refined during
follow-up visits, typically scheduled 4-6 weeks later. Follow-up
care, often managed by specialist nurses, is customized and fre-
quently conducted via telephone, and includes physiotherapists
and dieticians as necessary [7].

Patients with less complex conditions typically undergo this
intervention for 6-12 months before transitioning to primary
care or a specialized outpatient clinic. Those with more ad-
vanced diseases continue at the HND Centre until they require
dialysis or nursing home placement, or in some cases, until
death.

In this prospective randomized open blinded endpoint
(PROBE) trial (CareHND; NCT03362983), patients were random-
ized to integrated care (HND) or traditional care at separate
specialist clinics (control). Inclusion criteria included es-
tablished CVD, CKD, and type 1 or 2 DM. Exclusion criteria
included symptomatic dementia, uncontrolled cancer, severe
pulmonary disease and significant substance abuse. A short
expected lifespan was not an exclusion criterion. In the plan-
ning phase of the study, patient participants showed a strong
preference for integrated care, and advised to include the pos-
sibility to cross-over from standard care to intervention after
1 year.

The primary endpoint for assessing disease progression [ma-
jor adverse renal or cardiovascular events (MARCE)] was the
first occurrence of readmission due to heart failure, myocar-
dial infarction, percutaneous coronary intervention or coro-
nary artery bypass grafting, end-stage kidney disease, acute
kidney failure, transient ischaemic attack/stroke, or death
within 2 years. The study size was based on a power calcu-
lation with a large effect size seen in the STENO-2 trial [haz-
ard ratio (HR) 1.5] [5], with a two-sided significance level of
0.05 and statistical power of 0.80, yielding 260 patients and
2 years follow-up. An interim analysis was planned at 130
patients included. All MARCE outcomes were assessed from
printed medical records, blinded to the intervention, separate
by two senior medical students following a protocol, and in
the few cases not in agreement adjudicated by one senior
specialist.

The co-primary person-centred outcome measures were per-
ceived quality of care and patient empowerment assessed by
HRQoL questionnaires collected at baseline, 6 and 12 months.
Statistical power was calculated for 131 patients at 1 year. The
patient-reported outcome measure (PROM) instruments used
were RAND-36 and EuroQoL group’s EQ-5D-3L (Swedish version).
The patient-reported experience measures (PREM) consisted of
six questions based on previous research [19]. The RAND-36
comprises 36 questions in eight dimensions: physical function-
ing (PF), role limitations due to physical problems (RP), bodily
pain (BP), general health (GH), vitality/energy/fatigue (VT), so-
cial functioning (SF), mental health/emotional well-being (MH)
and role limitations due to mental/emotional problems (RE).
One standalone question concern changes in perceived health
over the last year [20, 21]. The EQ-5D-3L consist of five ques-
tions on mobility, self-care, usual activities, pain/discomfort and
anxiety/depression, and one visual analogue scale (VAS). For
each dimension, the respondent can select ‘no problems’, ‘some
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problems’ or ‘extreme problems’ [22]. For the VAS, the respon-
dents score their perceived current state of health from 0 to 100
[23].

Statistical analysis

Variables are reported as mean values with standard deviation,
median values with interquartile range or proportions. Differ-
ences in baseline characteristics were assessed by Student’s
t-test for continuous variables and Chi? test for categorical
variables. Skewed variables were log-transformed to improve
normality.

MARCE was analysed as intention to treat, using the Kaplan-
Meier survival function. The proportional hazards assumptions
were assessed by visual inspection of the curves. Outcome
was also studied in an explorative analysis by adjusted Cox-
regression models.

For the person-centred outcomes, the 36 questions in RAND-
36 were grouped into eight dimensions, where each dimension
generates a weighted sum score, as stipulated [20]. A lower sum
indicates more disabilities and a sum of 100 indicates no disabil-
ities. Each dimension was analysed separately. Analysis of vari-
ance (ANOVA) with repeated measurement was used to assess
differences over time between groups. For the EQ-5D-3L ques-
tions, Chi? test and a general estimating equation were used to
assess differences over time between groups. The VAS scale was
analysed by repeated measurement ANOVA with Tukey’s post-
hoc test.

For the PREM questionnaire, Student’s t-test was used. All
analyses were performed using IBM SPSS Statistic for Windows,
Version 27.0.

RESULTS

The first patient entered the study in March 2015, and the last
finished the 2-year follow-up in October 2021. At the interim
analysis of MARCE, and the final analysis of the patient centred
outcomes, 131 patients were included in the study. Due to the
small effect size for the primary outcome, it was decided to halt
the trial.

Of the 131 included patients, 73 (56%) were randomized to
HND, and 58 (44%) to the control group. Randomization by bal-
lots in sealed envelopes, not in blocks, yielded an uneven distri-
bution for the interim analysis (Table 1).

In the HND arm, one patient died prior to the first visit at
the HND-centre, and another was admitted for decompensated
heart failure at the first visit. These outcomes were counted
as intention to treat (Table 2). Two patients withdrew consent
shortly after randomization, one in each arm, and were not in-
cluded in the analyses (Supplementary data, Fig. S2). All but
14 patients were recruited during or shortly after an acute hos-
pitalization or an urgent visit to the heart failure day-care ward.
All patients had advanced multimorbidity, and 43 patients (33%)
died during the follow-up time (median 2; range 2.0-5.7) years.
Of the patients randomized to standard care, 28 elected to cross-
over to HND at 1 year. Major changes in medical therapies were
noted during the trial, i.e. introduction of sodium-glucose co-
transporter 2 inhibitors (SGLT2i) and glucagon-like peptide 1 re-
ceptor agonists (GLP1-RA) in standard care (Table 3).

Visual inspection of the data indicated that the randomiza-
tion failed to create equal groups, and this was tested for those
variables. HND patients had worse kidney function (P = .001),

Table 1: Patient characteristics.

Intervention
(HND) Control

Included patients, n 73 58
Received intervention, n 71
Sex (female), % (n) 24% (17) 25% (14)
Age, years 734+7.8 743+7.1
BMI, kg/m? 2990+ 4.3 30.1+6.7
Waist, cm 108.4 + 13 108.3 £ 17
DM type 1, % (n) 7.1% (5) 5.3% (3)
DM type 2, % (n) 93% (66) 95% (54)
Previous stroke, % (n) 13% (9) 16% (9)
Previous ACS, % (n) 48% (34) 54% (31)
COPD, % (n) 20% (14) 8.8% (5)
Atrial fibrillation, % (n) 58% (41) 53% (30,
Heart failure, % (n) 73% (52) 58% (33)2

Preserved ejection fraction 44% (31) 35% (20)

Reduced ejection fraction 30% (21) 21% (12)
Pacemaker, % (n) 18% (13) 23% (13)
Current smoking, % (n) 9.9% (7) 5.3% (3)
Previous smoking, % (n) 68% (48) 58% (33)
Systolic blood pressure, mmHg 133.6 + 20.6 13794+ 213
Diastolic blood pressure, mmHg 68.8 + 10.3 74.9 +13.8
Haemoglobin, g/L 125.8 +£22.3 128.9 £ 21.1
CRP, mg/L 3.10 (1.65-9.10)  2.90 (0.88-5.85)
eGFR, mL/min/m? 41.6 4+ 13.3 51.0 + 17.1b
eGFR <30 mL/min/m? 17% (12) 12% (7)
Urinary albumin/creatinine, 7.2 (1.7-29.6) 5.8 (1.1-15.6)
mg/mmol
HbA1C (IFCC), mmol/mol 60.0 + 13.6 59.3 +£13.3
Cholesterol, mmol/L 3.57 +1.04 3.97 +1.33
Triglycerides, mmol/L 1.58 +1.00 1.83 +£1.05
LDL, mmol/L 1.83+0.79 2.09 £0.97
Albumin, g/L 34.34+4.20 33.5 +4.05
Phosphate, mmol/L 1.14 £ 0.24 1.00 £ 0.21
PTH, pmol/L 8.14 £+ 3.59 573+271
Urea, mmol/L 13.4 +7.08 9.40 £+ 3.18
Uric acid, pmol/L 479.7 + 126 438.8 + 122

NT-proBNP, ng/L 1760 (889-3923) 971 (261-2535)°

Mean values + standard deviation, median (interquartile range) or % (n).

ap =.09.

bp < .01

BMI, body mass index; ACS, acute coronary syndrome; COPD, chronic obstructive
pulmonary disease; CRP, C-reactive protein; HbA1C, glycated haemoglobin A1C;
IFCC, International Federation of Clinical Chemistry and Laboratory Medicine;
LDL, low-density lipoprotein; PTH, parathyroid hormone.

more secondary metabolic disturbances and higher N-terminal
pro b-type natriuretic peptide (NT-proBNP) (P = .008), and tended
to have more heart failure (P = .090).

Major adverse renal and cardiovascular events

Survival analysis (Kaplan-Meier) for the combined endpoint
(MARCE) by intention to treat, showed no differences between
the groups (Fig. 1), either at the pre-specified 2-year analysis
(P =.57), or at the end of follow-up (P = .99). Explorative analyses
adjusting for the significant differences in estimated glomerular
filtration rate (eGFR) and NT-proBNP at baseline (factors known
to be associated with worse outcome) showed that HND was
associated with a similar risk [HR 0.89; confidence interval (CI)
0.56-1.41; P = .61]. Similar results were found when censoring
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HND 2 years (n = 72) Control 2 years (n = 57) P-value® HND EOS Control EOS
Crossed over at 1 year, % (n) 51% (28)
Longest follow-up (year) 5.57 5.74
Censored at end of follow-up 38% (27) 35% (20)
Patient years in study 140 118
First MARCE, % (n) 46% (33) 44% (25) 57 61% (44) 65% (37)
Median time to MARCE (days) 730 758
Total death, % (n) 21% (15) 14% (8) .29 40% (29) 25% (14)
Cardiovascular death, % (n) 8% (6) 9% (5) .95 19% (14) 16% (9)
New hospitalization for HF, % (n) 36% (26) 19% (11) .054 49% (35) 33% (19)
New AMI, % (n) 11% (8) 9% (5) 69 14% (10) 16% (9)
New PCI/CABG, % (n) 1.4% (1) 1.7% (1) 87 7% (5) 11% (6)
ESRD, % (n) 1.4% (1) 1.7% (1) .88 3% (2) 2% (1)
First new AKI?, % (n) 17% (12) 9% (5) 041 18% (13) 12% (7)

aIncrease in S-creatinine >50% within 7 days odds ratio >26.5 umol/L within 48 h.

bUnadjusted Kaplan-Meier, log-rank test.

EOS, end of study; AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ESRD, end-stage renal disease;

AKI, acute kidney injury.

Table 3: Medical treatment at baseline and at 1 year.

Intervention (HND) Control baseline Intervention (HND) 1 Control 1
baseline (n = 71) (n=157) P-value year (n = 64) year (n = 53) P-value
SU, % (n) 17% (12) 12% (7) 62 8% (5) 9% (5) 75
Metformin, % (n) 32% (23) 42% (24) .27 51% (18) 49% (17) .69
DPP4i, % () 21% (15) 11% (6) 15 23% (15) 17% (9) 49
GLP-1-RA, % (n) 7% (5) 18% (10) 10 22% (14) 17% (9) 64
SGLT-2i, % () 3% (2) 2% (1) 1.0 9% (6) 6% (3) 51
Insulin, % (n) 63% (44) 61% (35) 1.0 59% (38) 47% (34) .70
Statins, % (n) 92% (65) 75% (43) 02 95% (61) 76% (40) .002
Ezetimibe, % (n) 6% (4) 9% (5) 51 7% (5) 14% (8) 24

P for Chi?.
SU, sulphonylureas; DPP4i, dipeptidyl peptidase-4 inhibitors.

patients that crossed-over, and when restricting the follow-up
time to 2 years (HR 0.99; CI 0.59-1.68). The total risk of death was
similar in the HND group at 2 years (P = .29), but higher at end of
study (P = .045), however non-significant (HR 0.63; CI 0.32-1.22;
P =.17) when adjusting for baseline eGFR and NT-proBNP.

The disease progression outcome was driven mainly by hos-
pitalizations for heart failure. When adjusting for baseline eGFR
and NT-proBNP, there was a trend towards lower risk for heart
failure hospitalizations in the HND group (HR 0.53; CI 0.279-1.01;
P = .054).

An exploratory subgroup analysis of the main outcome strat-
ified by baseline characteristics known to be associated with
outcome, suggest that patients with heart failure (65% of all) had
reduced risk from the intervention (HR 0.55; C10.33-0.91; P = .016
for interaction) (Fig. 2).

Health-related quality of life

For the main person-centred outcome (HRQoL), 128 question-
naires were administered at baseline, of which 113 (86%) were
filled. At baseline, in the HND-group (n = 73) there were 7 pa-
tients not responding and in the control group (n = 58) there were
10 patients not responding. The RAND-36 results showed that
HND patients improved in the sum scores for RP, SF and GH over

time, and compared with controls significant improvements
were seen for RP and SF (P = .021 and P = .019, respectively)
(Fig. 3). The EQ-5D-3L results showed that HND patients im-
proved numerically in Pain and Anxiety over time but not signifi-
cantly compared with the control group. For VAS, the HND group
improved over time (P = .007) and improved, as compared with
the control group (P = .011) (Fig. 4). The PREM questions showed
that HND patients reported higher satisfaction with given ver-
bal information and staff accessibility (Supplementary data,
Fig. S2).

DISCUSSION

This randomized controlled trial assessed the impact of an in-
tegrated, multi-specialty care model for patients recently hos-
pitalized with concurrent CVD, CKD and DM, compared with
traditional care provided at separate specialist clinics in a ter-
tiary teaching hospital. One major finding was that integrated
care improved several dimensions of HRQoL. Integrated care
did not show a significant difference from traditional care in
traditional measures of disease progression in this small trial.
This notwithstanding, exploratory analysis suggests that inte-
grated care may reduce hospitalizations in patients with heart
failure.
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Figure 1: Kaplan-Meier survival curve analysed per intention to treat.
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Figure 2: Main outcome MARCE according to subgroup.

Disease progression and death

We found no significant differences between integrated care
and traditional care regarding disease progression or death. This
finding suggests that, in terms of MARCE, integrated care was
not superior to traditional care models. Our finding aligns with
those by Weber et al., on 150 patients attending a kidney care
clinic and at least one other specialty clinic (diabetology or
cardiology) who were randomized to a combined clinic or stan-
dard care [11]. Their primary outcome was hospitalization rate,
which did not differ between groups. They did, however, show
that an integrated clinic is feasible and attractive in terms of
cost savings [11]. Their patient population differed in that they
were required to have kidney failure and attending one other
clinic, while our cohort was required to have all three disease
conditions combined. In addition, most patients in our trial were
recruited after an acute hospitalization and were not stable

Standard care better

out-patients. This is reflected in the lower mortality (13% after
25 months) in that trial [11], compared with ours (16% after 25
months).

The randomization failed to generate equal groups in the
current study, and the intervention group had worse kidney
function and higher levels of NT-proBNP, which would likely
have influenced these outcomes. Adjusting for these variables
did not, however, significantly alter the results. The main out-
come was driven by hospitalizations for heart failure, and with
adjustment for eGFR and NT-proBNP, a strong trend (P = .054)
was seen towards lower risk for heart failure hospitalizations. In
recent trials on patients with or without type 2 DM and CKD, the
composite outcomes have been driven by heart failure hospital-
izations [24]. In the present trial, 85 patients (65%) had a diagno-
sis of heart failure, and recurrent hospitalizations and mortality
are known to be exceedingly high in these patients [25]. Of note,
in an exploratory subgroup analysis stratified for heart failure,
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Figure 3: Patient-reported HRQoL outcomes assessed by RAND-36 at baseline, at 6 months and at 12 months in standard care (control) and integrated care (HND).

we observed a potential benefit for heart failure hospitalizations. worsening decompensation [26]. Patients at the HND centre did
This finding aligns with previous research suggesting that heart indeed report a higher degree of satisfaction with ease of access
failure patients benefit from a multidisciplinary approach [8]. to staff (Supplementary data, Fig. S2). Additionally, the person-
Easy access to an integrated clinic may ensure correct treatment centred approach did improve HRQoL dimensions, which indi-

quicker when experiencing worsening symptoms, preventing cate that the patients were more in control of their own disease.
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(HND).

Both SGLT2i and GLP1-RA have revolutionized the treatment
of type 2 DM by preventing cardiovascular outcomes and re-
tarding CKD progression [27, 28]. For SGLT2i these effects have
been established also in CKD and heart failure [28], and for
GLP1-RA also in people with overweight without type 2 DM
[29], and in patients with type 2 DM and CKD [30]. However,
when the CareHND trial started, in contrast to the situation
today, guidelines in Sweden recommended discontinuation of
SGLT?2i at eGFR <60 mL/min/1.73 m?, and of GLP1-RA at eGFR
<30 mL/min/1.73 m?. Accordingly, only a minority were offered
these drugs. We can only speculate on the possible effects of
these changes in drug use on the outcomes in an integrated clin-
ical setting.

Another challenge during this trial was the coronavirus dis-
ease 2019 (COVID-19) pandemic, starting at the interim analysis,
which might have influenced the results [31]. These circum-

stances and the non-significant results for MARCE resulted in
the decision to halt the trial. However, the advanced disease and
high instability in this patient population, often makes both
patient and care provider to prioritize improvements in quality
of life and symptom management over MARCE [15, 26], which
leads to our patient-centred outcomes.

Health-related quality of life

The integrated care intervention demonstrated improvements
in two dimensions of perceived HRQoL (RP and SF) and in
self-rated health (as measured by the VAS) at the 6-month
follow-up. For this patient population with an advanced stage of
multimorbidity, these improvements are particularly mean-
ingful as they directly address daily challenges with signifi-
cant impact on quality of life. Enhancing physical and social



functioning not only helps patients maintain independence and
engage in valued activities but also reflects a holistic approach
that aligns with their priorities. Furthermore, we observed our
patients to report very low HRQoL in all dimensions examined,
notably lower than heart failure patients with only one comor-
bidity [32], and similar to older cancer survivors [33]. Patient
perspective and involvement are crucial in all medical treat-
ments, especially so in managing debilitating chronic illnesses,
necessitating a tailored approach to each patient’s situation,
capabilities, resources and needs [34]. The first months of the in-
tervention were therefore important with focus on aligning the
care with the patients’ situation, abilities, resources and needs
[6, 7]. Most patients experienced major changes in medications
and lifestyle interventions within the first 3 months, supported
by team visits, nurse consultations, telephone contacts, dietary
advice and physiotherapy as required. Potential improvements
were anticipated between baseline and the 6-month follow-up,
consistent with our findings. The 12-month data indicate that
these changes were sustained.

In addition to self-rated health, improvements were observed
in RP, which assesses limitations in roles including work and
daily activities through four questions, and SF, which evalu-
ates limitations in social activities such as visiting relatives and
friends or participating in social events, through two questions.
Optimized medical treatment for heart failure has been shown
to enhance several HRQoL dimensions, including physical limi-
tations [35]. Moreover, smaller studies in heart failure have sug-
gested that RP can be improved through exercise training [36].
Additionally, in patients with type 2 DM on insulin or sulfony-
lureas, fear of hypoglycaemia has been related to several HRQoL
dimensions, including RP [37]. Therefore, potential mediators of
improvement include optimized treatment for heart failure, in-
creased physical activity and improved glucose control.

Limitations

The study was designed to include 260 patients to adequately
assess the primary MARCE outcome and 131 for the HRQoL out-
come. The interim analysis was conducted with only 131 pa-
tients, which limits the robustness of the findings regarding
MARCE. The effect size used for the power calculation may not
accurately reflect the impact of the interventions in the con-
text of evolving drug treatments. The randomization process did
not create provide balanced groups, with the intervention group
having lower eGFR and higher NT-proBNP levels. This may, de-
spite adjustments, have influenced outcomes such as disease
progression and mortality. The emergence of the COVID-19 pan-
demic during the trial likely affected both the implementation
of the interventions and outcomes.

The exploratory analysis suggesting a potential benefit for
patients with heart failure should be interpreted with caution.
However, traditional outcomes like MARCE may not fully cap-
ture the impact of integrated care in multimorbid patients with
late-stage diseases [4, 6]. Additionally, MARCE does not account
for potential reductions in healthcare utilization and costs from
integrated care [18], and further studies are warranted.

Conclusion

In conclusion, this randomized controlled trial evaluated an
integrated care model delivered with a person-centred ap-
proach for patients with concurrent CVD, CKD and DM. The
study found that integrated care improve several dimensions
of HRQoL while it did not improve disease progression, as
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compared with traditional specialist care in terms of disease
progression. However, a trend for benefits for patients with
heart failure was observed. Despite a small study population,
challenges such as baseline imbalances, evolving medical
therapies and the COVID-19 pandemic, the findings highlight
the value of integrated, person-centred care and may provide
insights for clinical practice. Future research with focus on
HRQoL, healthcare resource utilization and efficiency, which
align with the goals of integrated care, is warranted.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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