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Abstract

Aims Current understanding of the prognosis for patients with chronic kidney disease (CKD) and overlapping cardio-
renal-metabolic components, specifically heart failure (HF) and diabetes mellitus (DM), remains limited. While previous
studies have explored the interactions between CKD, HF, and DM, they have predominantly focused on cohorts of HF or
DM patients. This study aims to fill this gap by investigating the long-term outcomes and treatment patterns in a cohort of
CKD patients, particularly those with coexisting HF and DM.
Methods and results We analysed data from the Swedish national CKD patient cohort, the Swedish Renal Registry, with a
follow-up period extending up to 10 years. The study examined the risks of all-cause mortality, major adverse cardiovascular
events (MACE)—defined as a composite of non-fatal myocardial infarction, hospitalization for congestive HF, non-fatal stroke,
or cardiovascular death—and the initiation of kidney replacement therapy (KRT). Analyses were conducted using Cox propor-
tional hazards and competing risk models. Among the 27 647 patients, 48% had CKD alone, 12% had CKD with HF, 27% had
CKD with DM, and 13% had CKD with both HF and DM. After 5 years, mortality rates were 23% for patients with CKD, 30%
for those with CKD/DM, 54% for CKD/HF, and 55% for CKD/HF/DM. The 10 year absolute risk of MACE was 28% for CKD alone,
35% for CKD/DM, 67% for CKD/HF, and 73% for CKD/HF/DM. The adjusted hazard ratio (HR) for mortality was approximately
three times higher in patients with any HF combination, with HRs of 2.57 [95% confidence interval (CI) 2.43–2.71] for CKD/HF
and 3.22 (95% CI 3.05–3.39) for CKD/HF/DM, compared with CKD alone. The impact of HF on MACE prognosis was even more
pronounced, with adjusted sub-hazard ratios (SHRs) of 3.33 (95% CI 3.14–3.53) for CKD/HF and 4.26 (95% CI 4.04–4.50) for
CKD/HF/DM. Additionally, CKD patients diagnosed with HF were less likely to commence KRT, and the risk of death prior to
KRT initiation was roughly twice as high for these groups, with SHRs of 2.05 (95% CI 1.93–2.18) for CKD + HF and 2.43
(95% CI 2.29–2.58) for CKD + HF + DM.
Conclusions In a cohort of CKD patients, having HF contributes substantially to increased mortality and the risk of MACE, and
these patients are less likely to start KRT. These findings highlight the urgent need for targeted therapeutic strategies and
management plans for CKD patients, particularly those with concurrent HF, to enhance patient prognosis.
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Introduction

Chronic kidney disease (CKD) is a global health burden with a
prevalence of 11–13% that constitutes a major and indepen-
dent risk factor for cardiovascular disease and leads to a
shorter lifespan.1 Multimorbidity among patients with CKD
is common, as both a cause and consequence of CKD, and
may further increase mortality and result in poor quality of

life.2,3 Among the most important conditions in patients with
CKD are the presence of heart failure (HF) and diabetes
mellitus (DM)4,5; the complex interactions between the three
are referred to as the cardio-renal-metabolic syndrome.6

Despite prior studies having indicated that the coexistence
of any of the other conditions worsens the prognosis7–10

and the increasing focus on the treatment opportunities in
multidisciplinary guidelines,11 few studies have focused on
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the prognosis of the overlapping cardio-renal-metabolic
components in CKD cohorts. While new therapies such as
sodium-glucose co-transport 2 (SGLT2) inhibitors have been
developed that especially benefit patients in this intersection,
studies among patients with earlier CKD stages indicate that
already recommended HF treatments, such as renin-
angiotensin-aldosterone system inhibitors (RAASis), are
under-prescribed in this population.12 Understanding the
magnitude of the cardio-renal-metabolic impact on the
prognosis in CKD populations is essential. The aim of our
study was to investigate the long-term prognosis and treat-
ment patterns in a cohort of CKD patients with overlapping
cardio-renal-metabolic subgroups in the era before newer
therapies were available to patients with kidney dysfunction.
For this purpose, we analysed data from a large national
cohort of patients with CKD, with follow-up for almost a
decade.

Methods

Study population

The Swedish Renal Registry—Chronic Kidney Disease (SRR-
CKD) is a national Swedish quality control register where
patients at Swedish nephrology units with chronic kidney
disease non-dialysis (CKD-ND) are included.13 SRR-CKD has
been described in more detail in previous publications14; in
short, all referred patients with an incident estimated
glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2 are
required to be included in the register, but nephrology units
could also include CKD-ND patients with a higher eGFR, as
long as it is done systematically for all patients. Virtually all
(96%) of the nephrology units in Sweden contribute to the
register; a recent validation confirmed patient coverage of
95–97%.15 For this study, we included all patients ≥18 years
old with an eGFR < 60 mL/min/1.73 m2 who were included
in SRR-CKD between 1 January 2005 and 1 June 2017. We ex-
cluded patients with previous kidney replacement therapy
(KRT) before inclusion. At inclusion in the SRR-CKD, patients
were informed and had the right to opt out according to
the rules for health care quality registers in Sweden. The
study protocol was approved by the ethical review commit-
tee in Stockholm, Sweden, and the investigation conforms
to the principles outlined in the Declaration of Helsinki.

Covariates

We retrieved data for comorbid conditions, including HF and
DM, medication, hospitalization dates, and inpatient and
outpatient diagnoses. Each patient’s unique social security
number was linked to the National Patient Register and the

National Prescribed Drug Register16 at the National Board of
Health and Welfare in Sweden. A diagnosis of HF and DM,
as well as other comorbid conditions, was defined based on
International Classification of Disease 10 (ICD-10) diagnostic
codes prior to inclusion in the SRR-CKD (Supporting Informa-
tion, Table S1).

From SRR-CKD, we extracted data regarding age, sex, and
type of primary kidney disease. Furthermore, we gathered
information regarding clinical characteristics, such as blood
pressure, body mass index, and routine laboratory data.
Medication was categorized based on the Anatomical
Therapeutic Chemical Classification System (ATC) (Supporting
Information, Table S2) and defined as any dispensed drug
from the National Drug Registry within 6 months from base-
line or the start of a new follow-up period during follow-up
(2005–09, 2010–14, and 2015–17). All patients were followed
until death or at the end of the observation period.

Outcomes

Data on mortality and cardiovascular outcomes were col-
lected through the linkage with the National Cause of Death
Register and the National Patient Register. The primary out-
come was all-cause mortality. Secondary outcomes were ma-
jor adverse cardiovascular events (MACE) and the start of
KRT, defined as the start of dialysis or kidney transplantation.
MACE was defined as a composite of a non-fatal myocardial
infarction, hospitalization for congestive HF, non-fatal stroke,
or cardiovascular death. The outcome definitions are listed in
Supporting Information, Table S3.

Statistical analysis

Patient characteristics were presented using means and
standard deviations for normally distributed variables and
medians and interquartile ranges (IQRs) for non-normally
distributed variables. Categorical variables were presented
with proportions. The study population was categorized into
four mutually exclusive groups based on the cardio-renal-
metabolic comorbidities we aimed to study at baseline: CKD
without HF and DM (CKD), CKD with HF (CKD + HF), CKD with
DM (CKD + DM), and CKD with HF and DM (CKD + HF + DM).
The overall survival was graphically described by Kaplan–
Meier curves. The incidence rate of both mortality and MACE
was computed by dividing the number of events by the
person-time of follow-up, censoring at the time of kidney
transplantation, and non-cardiovascular death in the
follow-up for MACE. Cumulative incidence plots were pro-
duced for the secondary outcomes, MACE and KRT, treating
non-cardiovascular death (MACE) and mortality before KRT
as competing risks. The risk for death associated with the
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different baseline cardio-renal-metabolic subgroups was
assessed in Cox proportional hazards regression models
adjusting for age, sex, and eGFR at baseline. The proportion-
ality assumption was assessed graphically in log–log plots and
found to be satisfactory. For the secondary outcomes of
MACE and KRT, we performed competing risk regression
models (Fine and Gray)17 using non-cardiovascular death
and mortality before KRT as competing events and adjusting
for the same covariates as in the Cox proportional hazards
regression models. Missing data (Supporting Information,
Table S4) for variables included in our adjusted analyses were
overall low (<5%), and the analyses were performed on
complete cases. Statistical analysis was performed using
STATA Version 17 (StataCorp, College Station, TX, USA).

Results

Out of 29 336 patients included in the SRR-CKD, we excluded
n = 27 with an age < 18 years, 1557 with an eGFR > 60 mL/
min/1.73 m2 at baseline, and 105 patients with prior KRT or
erroneous data input. In our final cohort, there were 27 647
patients, of whom 12 910 (48%) were diagnosed with only
CKD at baseline, 3458 (13%) had CKD + HF, 7595 (27%) had
CKD + DM, and 3684 (13%) had CKD + HF + DM (Table 1).
The debut of HF was 2.9 years (IQR 0.8–6.5) prior to inclusion
for the CKD + HF group and 3.2 years (IQR 1.0–7.2) for
CKD + HF + DM. The debut of DM was 7.2 years (IQR 3.0–
11.9) prior to inclusion for the CKD + DM group and 8.1 years
(IQR 4.1–11.4) for CKD + HF + DM. Median age was

Table 1 Overall baseline characteristics in a cohort of patients with chronic kidney disease and cardio-renal-metabolic disease

Number (%), unless indicated

CKD
12 910 (46.7)

CKD + HF
3458 (12.5)

CKD + DM
7595 (27.3)

CKD + HF + DM
3684 (13.3)

Description [n]
Age, median years (IQR) 67 (59–79) 77 (72–84) 69 (62–77) 74 (68–80)
Men 7993 (61.9) 2273 (65.7) 4912 (64.7) 2430 (66.0)

Comorbidity
Ischaemic heart disease 1363 (10.6) 1432 (41.4) 1309 (17.2) 1860 (50.5) [3684]
Peripheral arterial disease 939 (7.3) 624 (18.1) 628 (8.3) 600 (16.3)
Cerebrovascular disease 1761 (13.6) 830 (24.0) 1362 (17.9) 959 (26.0)
Atrial fibrillation 1256 (9.7) 1677 (48.5) 850 (11.2) 1553 (42.2)
Hypertension 11 834 (91.7) 3404 (98.4) 7422 (97.7) 3663 (99.4)

Primary kidney disease [n] (%)
Polycystic kidney disease 1000 (7.8) 78 (2.3) 99 (1.3) 14 (0.38)
Diabetes nephropathy n/a n/a 3952 (52.1) 1821 (49.5)
Glomerulonephritis 1869 (14.5) 175 (5.1) 323 (4.3) 63 (1.7)
Hypertension 3384 (26.2) 1205 (34.9) 1234 (16.3) 727 (19.7)
Pyelonephritis 572 (4.4) 67 (1.9) 124 (1.6) 31 (0.84)
Renovascular disease 91 (0.7) 56 (1.6) 43 (0.6) 23 (0.62)
CKD, unknown origin 2619 (20.3) 876 (25.3) 977 (12.9) 525 (14.3)
Other specified kidney diseases 3367 (26.0) 1000 (28.9) 840 (11.1) 478 (13.0)

Medication
ACE-Is/ARBs 7929 (62.9) 2271 (66.6) 5888 (78.5) 2871 (78.7)
Beta-blockers 6801 (53.9) 2852 (83.7) 4942 (65.9) 3142 (86.1)
Calcium channel antagonists 7239 (57.4) 1543 (45.3) 5077 (67.7) 1937 (53.1)
Hypertensive medication, other 1326 (10.5) 317 (9.3) 1130 (15.1) 511 (14.0)
Diuretics 6692 (53.1) 3017 (88.5) 5546 (74.0) 3426 (93.9)
Statins 5291 (42.0) 1728 (50.7) 5323 (71.1) 2690 (73.7)
Mineralocorticoid receptor antagonists 460 (3.7) 676 (19.8) 457 (6.1) 786 (21.5)
Oral antidiabetic medication 2078 (27.7) 829 (22.7)
Insulin 5045 (67.3) 2609 (71.5)

Clinical characteristics
Body mass index, median (IQR) 26.5 (23.2–29.1) 26.6 (23.4–29.1) 29.6 (25.4–33.0) 30.7 (26.4–34.3)
Systolic blood pressure, mean (SD) 140.0 (20.9) 133.3 (23.4) 143.4 (22.1) 136.7 (22.6)

Laboratory data
eGFR inclusion, mL/min/1.73 m2, mean (SD) 25.2 (11.1) 23.5 (9.4) 24.9 (9.9) 24.5 (9.4)
Albumin/creatinine ratio (mg/g), median (IQR) 246.9 (47.8–973.5) 93.8 (24.8–531.0) 477.9 (78.8–1797.4) 256.6 (51.3–1396.5)

CKD stage at inclusion
3a (eGFR 45–59 mL/min/1.73 m2) 801 (6.2) 98 (2.8) 282 (3.7) 104 (2.8)
3b (eGFR 30–44 mL/min/1.73 m2) 2856 (22.1) 615 (17.8) 1723 (22.7) 803 (21.8)
4 (eGFR 15–29 mL/min/1.73 m2) 6947 (53.8) 2098 (60.7) 4385 (57.7) 2228 (60.5)
5 (eGFR < 15 mL/min/1.73 m2) 2306 (17.9) 647 (18.7) 1205 (15.9) 549 (17.0)

ACE-Is, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CKD, chronic kidney disease; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; HF, heart failure; IQR, interquartile range; SD, standard deviation.

2336 J. Österman et al.

ESC Heart Failure 2024; 11: 2334–2343
DOI: 10.1002/ehf2.14810



significantly higher for CKD + HF [77 years (IQR 72–84)] and
CKD + HF + DM [74 (IQR 68–80)] compared with those with
CKD [67 (IQR 59–79)] and CKD + DM [69 (IQR 62–77)].

There was a higher prevalence of men compared with
women in all four comorbidity groups, with a proportion
ranging between 62% and 66%. The median eGFR at inclusion
was similar in all groups, ~25 mL/min/1.73 m2. The propor-
tion of patients in different CKD stages was evenly distributed
throughout the comorbidity categories, with a majority in
CKD stages 4 and 3b, 57% and 22% in all four comorbidity cat-
egories (Table 1).

Cardiovascular comorbidities were more common in
people with HF. Ischaemic heart disease was found in 41%
of CKD + HF and 51% of CKD + HF + DM, compared with
11% of CKD and 17% of CKD + DM. Atrial fibrillation was
found in 49% of CKD + HF and 42% of CKD + HF + DM, com-
pared with 10% of CKD and 42% of CKD + DM. As expected,
diabetes nephropathy was the most common cause of the
primary kidney disease in CKD + DM and CKD + HF + DM.
About 50% of the patients with DM were judged to have
another primary kidney disease by their nephrologist, most
commonly hypertension or an unknown kidney disease.
Among patients with CKD and CKD + HF, hypertensive kidney
disease was most common (Table 1). There were no substan-
tial differences with regard to other laboratory measure-
ments between the four comorbidity groups (Supporting
Information, Table S5).

All-cause mortality

The overall survival, divided into the subclasses of cardio-re-
nal-metabolic syndrome, is presented in Figure 1. The
mortality rate was highest in patients with all three comor-
bidities, CKD + HF + DM [22.9/100 patient-years; 95%

confidence interval (CI) 21.9–23.8], followed by those with
CKD + HF (21.8/100 patient-years; 95% CI 20.8–22.7).
Compared with patients with an HF diagnosis, those with
CKD + DM had a more than 50% lower mortality rate (10.1/
100 patient-years; 95% CI 9.8–10.5), while the lowest mortal-
ity was among people with only CKD (7.0/100 patient-years;
95% CI 6.8–7.3) (Table 2). The unadjusted risk of death
[hazard ratio (HR)] was approximately three times higher in
patients with HF: HR 3.23 (95% CI 3.06–3.41) for those with
CKD + HF and 3.41 (95% CI 3.23–3.59) for CKD + HF + DM.
CKD patients with DM had a 46% higher risk of death
compared with CKD patients without DM (HR 1.46; 95% CI
1.39–1.53). After adjustments, the CIs between patients with
CKD + HF and CKD + HF + DM widened, but the overall rela-
tionship between the different comorbidity categories
remained. The absolute risk of death after 3, 5, and 10 years
for patients with different cardio-renal-metabolic diagnoses
showed that the risk was highest for patients belonging to
any of the HF groups, with a 3 year mortality risk of 42%
and a 5 year mortality of ~55% (Supporting Information,
Table S6 and Figure S1).

Risk of major adverse cardiovascular events and
kidney replacement therapy

In line with the overall results for mortality, there was an in-
creased risk for MACE in all cardio-renal-metabolic groups,
with the highest incidence rate of MACE in the groups with
an HF diagnosis (incidence rate 32.7/100 patient-years; 95%
CI 31.4–34.1 for CKD + HF and 39.5/100 patient-years; 95%
CI 38.0–41.0 for CKD + HF + DM) compared with patients with
CKD + DM and CKD (11.26/100 patient-years; 95% CI 10.9–
11.7 and 6.58/100 patient-years; 95% CI 6.4–6.8,
respectively) (Table 2). These results were also reflected in

Figure 1 Kaplan–Meier survival plots for all-cause mortality. CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure.
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the cumulative incidence of MACE for all four cardio-renal-
metabolic groups (Figure 2). In the adjusted analyses, the risk
of MACE was highest in CKD patients diagnosed with both HF
and DM [sub-hazard ratio (SHR) 4.26; 95% CI 4.04–4.50],
followed by CKD patients with HF (HR 3.33; 95% CI 3.14–
3.53) and CKD patients with DM (HR 1.57; 95% CI 1.50–
1.65) (Table 2).

When investigating the interaction of age and sex in the
risk for MACE, both interactions were found statistically
significant (P-value < 0.001). There was a higher risk of MACE
in patients below 65 years of age for patients with CKD + HF/
CKD + HF + DM as compared with older individuals above
65 years of age. Our results also indicated a worse prognosis
for women in all cardio-renal-metabolic subgroups
(Supporting Information, Table S7).

Prescribed drugs at inclusion and over follow-up

RAASis with angiotensin-converting enzyme inhibitors (ACE-
Is) or angiotensin II receptor blockers (ARBs) were more
widely used among patients with diabetes: 79% for both
CKD + DM and CKD + HF + DM vs. 63% for CKD and 67% for

CKD + HF. The distribution of ACE-I/ARB use was similar
through stages of CKD, apart from CKD stage 5, where the
use was slightly lower (Supporting Information, Table S8).
Beta-blockers were more common in patients with HF: 84%
and 86% for CKD + HF and CKD + HF + DM, respectively, vs.
66% for CKD + DM and 54% for CKD. Overall, mineralocorti-
coid receptor antagonists (MRAs) were sparsely used,
reaching ~20% in patients with HF as compared with <5%
in the other groups. Treatment with statins was more
common in patients with diabetes. Among diabetic patients,
insulin was the dominant form of diabetes treatment. Oral
diabetes drugs were used only in 28% (CKD + DM) and 23%
(CKD + HF + DM) (Table 1).

Over the follow-up period, the use of the different
categories of prescribed drugs was relatively constant in
2005–09, 2010–14, and 2014–17. The use of newer therapies
for DM, such as glucagon-like peptide 1 (GLP1) analogues,
was not common; only 2.7% and 3.7% of the patients
with CKD + DM and CKD + HF + DM, respectively, were pre-
scribed GLP1 in the most recent cohort (2014–17). The use
of SGLT2 inhibitors was almost non-existent, occurring in
only 11 patients in total in 2014–17 (Supporting Information,
Table S9).

Table 2 Survival and major adverse cardiovascular events in people with overlapping cardio-renal-metabolic disease

CKD CKD + HF CKD + DM CKD + HF + DM

All-cause mortality
Incidence rate/100 person-years (95% CI) 7.0 (6.8–7.3) 21.8 (20.8–22.7) 10.1 (9.8–10.5) 22.9 (21.9–23.8)
Unadjusted hazard ratio (95% CI) Ref 3.23 (3.06–3.41) 1.46 (1.39–1.53) 3.41 (3.23–3.59)
Adjusted hazard ratio (95% CI)a Ref 2.57 (2.43–2.71) 1.55 (1.47–1.62) 3.27 (3.10–3.45)

Major adverse cardiovascular events
Incidence rate/100 person-years 6.6 (6.4–6.8) 32.7 (31.4–34.1) 11.3 (10.9–11.7) 39.5 (38.0–41.0)
Unadjusted sub-hazard ratio (95% CI) (n = 27 587) Ref 4.25 (4.02–4.49) 1.61 (1.54–1.69) 4.94 (4.69–5.20)
Adjusted sub-hazard ratio (95% CI)a Ref 3.33 (3.14–3.53) 1.57 (1.50–1.65) 4.26 (4.04–4.50)

CI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; Ref, reference.
aAdjusted for age, gender, and estimated glomerular filtration rate.

Figure 2 Adjusted cumulative incidence of major adverse cardiovascular events. CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure.
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Start of kidney replacement therapy

The risk of starting dialysis or KRT was found to be lower in
CKD patients with HF relative to those without HF (Table 3).
However, in those with DM or DM + HF, the risk for KRT
initiation was higher than in patients without any of these
comorbidities: SHR 1.37 (95% CI 1.30–1.45) for CKD + DM
and SHR 1.18 (95% CI 1.10–1.28) in patients with
CKD + HF + DM. The risk of death before the start of KRT
was approximately twice as high in people diagnosed with
HF: SHR 2.05 (95% CI 1.93–2.18) for CKD + HF and SHR 2.43
(95% CI 2.29–2.58) for CKD + HF + DM (Table 3).

Discussion

In this large, nationwide observational CKD cohort, our anal-
ysis unequivocally demonstrates that HF, compared with DM,
emerges as a significant determinant of mortality within the
CKD population. Patients with CKD and concomitant HF expe-
rienced a marked increase in the risk of death, with our find-
ings showing an approximately three-fold elevation in the
3 year absolute risk of mortality. This underscores the lethal
impact of HF on patients already burdened with CKD. More-
over, our study sheds light on the significant risk of MACE
among CKD patients with HF, further emphasizing the cardio-
vascular vulnerability of this population. The high incidence
of MACE in patients with both CKD and HF not only corrobo-
rates the known cardiovascular implications of CKD but also
signals an amplified risk profile brought on by the synergy
of CKD with HF. Such findings advocate for a more aggressive
and proactive approach to managing cardiovascular risk fac-
tors in this cohort. A particularly concerning observation from
our study is the increased likelihood of death before the ini-
tiation of KRT in patients with CKD and HF. Furthermore,
our data indicate a potential undertreatment of HF in the
CKD population, as evidenced by the lower prescription rates
of RAASis among patients with HF compared with those with
DM. This finding points to a missed opportunity in utilizing

evidence-based therapies to mitigate the progression of HF
and improve outcomes in CKD patients.

Previous studies of cardio-renal-metabolic
outcomes

Although advancements in treatment options for patients
with cardio-renal-metabolic disease exist, few previous
studies have analysed their relative prognosis and the overlap
between them in a CKD cohort. Despite CKD being a preva-
lent condition in the general population, existing evidence
has also predominantly focused on cohorts with either HF
or DM.21–25 A large multinational study with 1.2 million pa-
tients with DM type 2 from several clinical cohorts, including
primary health care, studied outcomes after the development
of cardiovascular and renal diseases.18 The study concluded
that patients diagnosed with CKD and/or HF during the
follow-up had an increased risk of both all-cause and cardio-
vascular death. In line with our results, patients with
cardiorenal syndrome had three times the higher risk of
all-cause death and almost four times the higher risk of car-
diovascular death compared with patients with DM type 2,
free of cardiovascular and renal disease. Furthermore, two
HF studies based on cohorts from Singapore and the United
Kingdom showed increased risk estimates for all-cause death,
cardiovascular death, and hospitalization for cardiovascular
disease when adding a CKD and/or DM diagnosis. Similarly
to the cohorts with DM, having all three conditions was asso-
ciated with the worst prognosis.19,20 In another large cohort
of HF patients from the Swedish HF registry, the presence
of CKD stages 3b–5 was strongly associated with substantially
higher mortality. The risk remained after adjusting for DM.21

More recently, a sub-analysis of the Dapagliflozin Evaluation
to Improve the Lives of Patients with Preserved Ejection
Fraction Heart Failure (DELIVER) trial demonstrated that HF
patients with multimorbidity (DM, CKD, or atherosclerotic
cardiovascular disease) were at higher risk of all-cause
mortality and cardiovascular death.22 Interestingly, it was
the overlapping conditions with CKD that demonstrated the

Table 3 Risk of kidney replacement therapy and death before kidney replacement therapy

CKD
CKD + HF

SHR (95% CI)
CKD + DM

SHR (95% CI)
CKD + HF + DM
SHR (95% CI)

KRT start
Incidence rate/100 person-years (95% CI) 8.1 (7.8–8.3) 5.8 (5.3–6.3) 10.1 (9.7–10.5) 9.4 (8.7–10.0)
Unadjusted sub-hazard ratio (95% CI) Ref 0.50 (0.45–0.55) 1.16 (1.10–1.22) 0.79 (0.73–0.85)
Adjusted sub-hazard ratio (95% CI)a Ref 0.73 (0.66–0.81) 1.37 (1.30–1.45) 1.18 (1.10–1.28)

Death before KRT
Death rate/100 person-years (95% CI) 6.6 (6.3–6.8) 20.9 (20.0–22.0) 8.6 (8.3–9.0) 21.3 (20.3–22.3)
Unadjusted sub-hazard ratio (95% CI) Ref 3.25 (3.06–3.45) 1.22 (1.15–1.29) 2.98 (2.80–3.16)
Adjusted sub-hazard ratio (95% CI)a Ref 2.05 (1.93–2.18) 1.28 (1.21–1.35) 2.43 (2.29–2.58)

CI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; KRT, kidney replacement therapy; Ref,
reference; SHR, sub-hazard ratio.
aAdjusted for age, gender, and estimated glomerular filtration rate.
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highest risk of their primary outcome, a composite of cardio-
vascular death and worsening of HF events. Even though the
mean age of DELIVER and our cohort was comparable, the
absolute risk of all-cause death was ~50% lower in DELIVER
compared with those with cardio-renal-metabolic disease in
our cohort, likely reflecting the large impact of reduced
kidney function on the overall prognosis.

The interaction of age and sex

In our study, there was a significant effect modification with
age and sex. Although younger patients (<65 years) had a
lower absolute risk of developing MACE, the relative risk at-
tributed to comorbid conditions, especially HF, was substan-
tially higher. This highlights the severity of developing
multimorbidity at a younger age and underlines the impor-
tance of early diagnosis and treatment. Adding an HF and/
or DM diagnosis was also associated with a strikingly higher
risk for women compared with men. Whether the higher risk
associations for women are due to lower prescription rates of
cardio-renal-metabolic treatments or are caused by biological
factors remains unknown.

Complexity of the cardio-renal-metabolic
syndrome

The reason for a worse prognosis in CKD patients with HF is
still unclear and likely multifactorial due to the complexity
and severity of the cardio-renal-metabolic syndrome, which
leads to the progression of both HF and CKD. The interaction
between CKD, HF, and DM is complex. Some common
denominators for the cardio-renal-metabolic syndrome in-
clude hypertension, neurohormonal and inflammatory
responses, and oxidative stress.23 DM may lead to the pro-
gression of HF through microvascular and macrovascular
complications and changes in myocardial structure, resulting
in diabetic cardiomyopathy.24 Vascular complications in DM
could also affect the kidneys through a combination of path-
ways, including altered tubulo-glomerular feedback, tubular
hypertrophy, and hypoxia.25 The CKD and HF interaction
involves bidirectional pathways as well as more
kidney-specific factors, such as an increase in serum phospho-
rus and fibroblast growth factor 23 (FGF-23) associated
with uraemia and cardiovascular disease.26 Neurohormonal
factors result in activation of the RAAS, which leads to so-
dium and water retention, vasoconstriction, increased blood
pressure, and oxidative stress. Inflammation and oxidative
stress also play an important role, causing endothelial
dysfunction, which impairs vasodilation, increases vascular
resistance, and reduces kidney perfusion, leading to

decreased cardiac output and impaired kidney function. The
above-described pathophysiological processes may all aggra-
vate each other, leading to worsening of the conditions and
increased mortality.27,28

Treatment is a challenge

Treatment of patients with cardio-renal-metabolic disease is
challenging, especially for those with severe kidney dysfunc-
tion. Guidelines stemming from randomized controlled trials
are missing because patients with severe CKD are often
excluded,29 and there are limited data to support treatment
of HF with RAASis in CKD stages 4–5.30 Many of the
guideline-recommended drugs, such as ACE-Is/ARBs or angio-
tensin receptor-neprilysin inhibitors (ARNIs), aldosterone
antagonists, and metformin, could also have acute effects on
kidney function or lead to toxicity and, especially in patients
with HF, result in acute kidney injury and/or
hyperkalaemia.31,32 This may cause early termination of the
drugs, resulting in undertreatment with a negative impact on
the long-term prognosis.14 The challenge of finding a suitable
treatment is also reflected in our results. The mean systolic
blood pressure was higher than recommended,33 especially
in patients with only CKD and CKD + HF. Furthermore, given
the strong evidence for RAASis, the proportion of patients
treated with ACE-Is/ARBs was quite low across all groups and
remained constant over the observation period. The propor-
tion of patients prescribed ACE-Is/ARBs was highest for the
subgroups of patients with DM, indicating that DM or albu-
minuria was the more common reason for treatment instead
of HF. There was also an overall low proportion of patients
prescribed statins, especially in patients without DM, despite
guidelines recommending treatment with statins for all
patients aged >50 years with eGFR < 60 mL/min/1.73 m2.34

More recently, SGLT2 inhibitors have been shown to effec-
tively lower the risk of cardiovascular events, including hospi-
talization for HF and kidney failure progression, in patients
with severely decreased eGFR and heart failure with pre-
served ejection fraction (HFpEF).35,36 In DELIVER, patients
with increasingly overlapping cardio-renal-metabolic condi-
tions were those that benefited the most from being treated
with the SGLT2 inhibitor dapagliflozin.22 Together with other
promising therapeutic alternatives for DM type 2 patients
with CKD, such as GLP1 agonists and non-steroidal mineralo-
corticoid receptor antagonists (nsMRAs), there are now treat-
ments with the potential to substantially improve the prog-
nosis of patients with cardio-renal-metabolic disease.37–39

Given the gap between evidence-based therapies and the ob-
served prevalence of already available medications in our
study, it is still a challenge to implement new knowledge into
treatment practices.
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Strengths and limitations

Our study has several strengths. While the association be-
tween CKD, HF, and DM is recognized, our research provides
novel insights into the dynamics and impacts of these
comorbidities within a cohort of patients with moderately
severe CKD. The study cohort included the majority of all
nephrology-referred CKD patients in a country with complete
follow-up over more than 10 years and without any loss of
follow-up due to the linkage to national health care data
sources. Sweden is a country with tax-funded health care, in-
cluding generously subsidized drug prescriptions, resulting in
low bias from access to health care. One notable strength is
also the homogeneity observed among the groups at base-
line. All four groups had similar eGFR levels at inclusion.
Additionally, the distribution of metabolic and laboratory ab-
normalities was evenly balanced across the groups. Our study
is not without limitations. Although the CKD diagnosis and
KRT initiation were validated through the health care quality
registry, there is always a risk for some misclassification of the
other diagnoses derived from the national health care data-
bases. Furthermore, the use of ICD-10 codes did not allow
us to categorize HF into phenotypes, although HFpEF is usu-
ally more commonly found in patients with CKD and is likely
part of the pathogenesis.40

Data on the New York Heart Association (NYHA) functional
classification were not available. In our analyses, we chose to
describe the characteristics of the cohorts rather than
adjusting for covariates such as albuminuria, which we
assessed to be the result of the underlying condition(s) and
in the causal pathway. We acknowledge that any differences
between the groups might have been influenced by their dif-
ferent access to various treatments, as well as mediating fac-
tors such as albuminuria or blood pressure. Last, information
regarding ethnicity was not available because it is against
Swedish law to register; this could limit the generalizability
of our findings to other, more diverse populations.

Conclusions

In conclusion, our study clearly shows the distinct impact of
HF compared with DM on mortality and MACE risks in CKD
populations, with HF emerging as a particularly lethal condi-
tion. With the lack of evidence-based treatment guidelines,
there is a risk of possibly undertreating these patients,
further complicating their management. Patients with CKD
and HF have the worst prognosis but are more often excluded

from lifesaving therapies such as KRT. Our findings provide a
crucial baseline for future research into novel treatments like
SGLT2 inhibitors, which have the potential to significantly im-
prove outcomes, especially for those battling the deadly com-
bination of CKD and HF. This calls for intensified efforts to
tackle the challenges of managing CKD with HF, aiming to
markedly enhance patient care and survival.
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