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Abstract

Aims To investigate the associations of cardiorespiratory fitness with cardiac, vascular, renal and cardiorenal characteristics
in chronic heart failure in a telerehabilitation randomized clinical trial. Secondly, to evaluate the associations of cardiorenal
syndrome with the effects of exercise.
Methods and results Sixty-nine heart failure patients attended baseline examination, and 61 patients were randomly assigned
1:1 to 3-month telerehabilitation or control. Data were collected at baseline and 3-month post-intervention, including echocar-
diography and vascular ultrasound, laboratory tests, exercise test with peak oxygen consumption (VO2peak) measurement and
6-min walk test (6MWT). Baseline VO2peak and 6MWT distance was 0.85 mL*min�1*kg�1 lower and 20 m shorter per
10mL/min/1.73m2 lower estimated glomerular filtration rate (both P< 0.001). Heart failure patients with cardiorenal syndrome
had 3.5 (1.1) mL*min�1*kg�1 lower VO2peak and diastolic dysfunction grade 2–3, and elevated filling pressure was >50% more
common compared with those without (all P< 0.05). At the 3-month post-intervention follow-up, only the non-CRS patients in
the intervention group increased VO2peak (0.73 (0.51) mL*min�1*kg�1), whereas VO2peak in the CRS subpopulation of controls
decreased (�1.34 (0.43) mL*min�1*kg�1). Cardiorenal syndrome was associated with a decrease in VO2peak in CRS patients
compared with non-CRS patients, �0.91 (0.31) vs. 0.39 (0.35) mL*min�1*kg�1 respectively, P = 0.013.
Conclusions Cardiorenal syndrome was negatively associated with VO2peak and 6MWT distance in chronic HF, and the asso-
ciations were stronger than for heart failure phenotypes and other characteristics. The effect of exercise was negatively asso-
ciated with cardiorenal syndrome. Exercise seems to be as important in heart failure patients with cardiorenal syndrome, and
future studies should include CRS patients to reveal the most beneficial type of exercise.
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Introduction

In the chronic cardiorenal syndrome (CRS), chronic heart fail-
ure (CHF) coexists with reduced kidney function.1 Patients
with chronic kidney disease (CKD) often develop salt and wa-
ter retention with increased left ventricular (LV) filling

pressures,2 which may contribute to an increased risk of car-
diovascular diseases. This may also be present in CKD pa-
tients without CHF.

Reduced cardiorespiratory fitness is common in both CHF
and CKD.3 Three large randomized controlled trials (RCTs)
have investigated the effect of exercise intervention in CHF,
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and all found a modest exercise effect by increasing maximal
oxygen consumption 0.6–1.6 mL*min�1*kg�1.4–6 Only one of
these investigations performed baseline comparison of
cardiorespiratory fitness with CKD classes and found a gradi-
ent towards lower VO2peak down to CKD Stage 4 based on
creatinine values within the last year of inclusion.7 The evi-
dence for exercise benefits in CKD patients without CHF is
also limited, but a recent review found that physical exercise
improved cardiorespiratory fitness and strength in CKD
patients.8 To our knowledge, there is no study investigating
the benefits of exercise in CRS, and it is not known if CHF pa-
tients can improve cardiorespiratory fitness by attending a
telemedical physical exercise programmes.

The current study aimed to investigate the associations
of cardiorespiratory fitness with cardiac, renal and
vascular characteristics in CHF patients at baseline in a
telerehabilitation RCT. Secondly, we aimed to evaluate
whether CRS and CKD were associated with a more beneficial
effect of exercise training. We hypothesized that CRS and its
components were negatively associated with peak oxygen
uptake (VO2peak), walking distance covered during 6-min walk
test (6MWT) and LV diastolic function at baseline and that
the effect of exercise on VO2peak and 6MWT distance at
3-month post-intervention follow-up was modulated by CRS.

Methods

Study design

Patients with stable CHF were recruited to baseline investiga-
tions and a ‘Living with heart failure’ course, before random-
ization 1:1 to a 3-month telerehabilitation intervention or
control group. Randomization was stratified by age
(</≥60 years old) and LV ejection fraction (EF) (</≥40%).
Data from baseline and 3-month post-intervention follow-up
with data collection from June 2017 to June 2020 are
presented.

Population

Patients ≥18 years with CHF according to the ESC guidelines9

with New York Heart Failure Association (NYHA) functional
Class II or III from two Norwegian outpatient clinics (St Olavs
University Hospital and Levanger Hospital) were eligible for
inclusion. Patients were stable on optimal medical treatment
for at least 4 weeks prior to inclusion and well compensated
at inclusion. Importantly, patients with concurrent CKD were
not excluded. Exclusion criteria were participation in an HF
rehabilitation programme within the last 6 months, reversible
causes of HF like uncontrolled hypertension, not
revascularized coronary ischaemia, untreated arrhythmias,

severe valvular disease, severe pulmonary disease and
home-based exercise not being considered safe.

Ethics

All patients provided written informed consents. The study
was approved by the Regional Committee for Medical and
Health Research Ethics in Central Norway (REK 2016/1597)
and the institutional board at St Olavs University
hospital, Trondheim, Norway. ClinicalTrials.gov Identifier:
NCT03183323. All parts of the study were performed accord-
ing to the Declaration of Helsinki (Br Med J 1964; ii: 177).

Intervention

All participants underwent a 2-day ‘Living with HF’ course
focusing on knowledge of HF, optimal therapy and lifestyle
interventions including recommendations for exercise and
safe performance of exercise. Instructions for use of the tele-
communication equipment were provided based on the ran-
domization result.

The telerehabilitation intervention consisted of online
group exercise sessions guided by a physical therapist special-
ized in cardiopulmonary physiotherapy and experienced in
cardiac rehabilitation. Online sessions of 60 min with
repeated bouts of high intensity were given twice a week in
groups of 2–10. Participants were encouraged to carry out
at least one extra exercise session per week. In case of
absence from training due to disease or injury, the exercise
intervention period was prolonged accordingly. After the in-
tervention period, the intervention group was given access
to online instruction videos to continue their exercise at
home. Participants randomized to the control group were
not contacted beyond the planned visits for data collection.

Data collection

Examinations at baseline and 3-month post-intervention
follow-up were performed according to standard operating
procedures. Medical history, current medication, exercise
habits, demographics and socio-economic status were col-
lected at baseline, and a physical examination including mea-
surements of physical capacity and cardiorespiratory fitness
was also performed. Inclusion, classification and evaluation
of patients were done jointly by experienced cardiologists
and nephrologists. HF severity was graded according to the
NYHA class. Electronic medical records were used to verify
medication and medical history, including CHF ethology (cat-
egorized as ischaemic, hypertensive, dilated or other), history
of prior myocardial infarction and/or revascularization and
type of CRS if CKD was present according to the Kidney
Disease Improving Global Outcomes guidelines.10
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The performance of 6MWT was supervised by trained
study personnel, with participants walking in the same
30-m corridor at both time points, with marks on the wall
for every 5 m. Peak oxygen uptake was measured by direct
measures of gas exchange using a direct ergospirometry
system (Vyntus CPX, Erich Jaeger GmbH, Hoechberg,
Germany). After an initial warm-up on treadmill, the
VO2peak test was performed using a constant, individualized
walking speed with incremental inclination every other
minute until exhaustion. Testing was performed by experi-
enced researchers blinded to group allocation and
surveilled by experienced physicians. Peak oxygen con-
sumption (VO2peak) was defined as the average of the
highest 30-s oxygen uptake value achieved during testing,
regardless of if the criteria for maximal oxygen uptake
was fulfilled. The short physical performance battery (SPPB)
was performed, and the score (0–4) for each of the three
physical tests (balance, walking speed and sit-to-stand time)
was summarized to a total score of maximum 12 points.

Cardiac and vascular ultrasound measurements

All examinations were performed by two experienced opera-
tors according to standard operating procedures at baseline
and analysed by a cardiologist experienced in echocardiogra-
phy in EchoPAC SWO (Version 203, GE Ultrasound, Horten,
Norway). All personnel were blinded to group assignment
and baseline characteristics.

Echocardiography included standard views by grey scale,
pulsed, and continuous wave Doppler, and colour and
tissue Doppler modalities. LV ejection fraction (LV EF) was
calculated from traces of the endocardial border in
two-chamber and four-chamber views using the summation
of disk method.11 Peak mitral annular systolic (s0) and early
diastolic (e0) velocities were measured septally and laterally
in pulsed-wave tissue Doppler recordings. Left atrial (LA)
end-systolic volume (ESV) was calculated from traces of
the endocardial border using the summation of disk
method in two-chamber and four-chamber views and
indexed (LAESVi) for body surface area (BSA). Mitral early
(E) and late (atrial) (A) diastolic blood flow velocities were
measured in pulsed-wave Doppler recordings. Ratios (E/A
and E/e0) were calculated. The averaged septal and lateral
e0 was used for calculation of E/e0. LA pressure (LAP) and
diastolic dysfunction (DD) grade were estimated according
to the latest guidelines,12,13 based on E, A, E/A, E/e0, tricus-
pid regurgitation velocity and LAESVi. The reproducibility of
echocardiographic measurements was tested in another
study from the same group.14 Shortly, for the two echocar-
diographers of this study, the inter-observer coefficients of
variation ranged 4–8% for analyses of LV EF, LAESVi, E, e0
and tricuspid regurgitant jet velocity.

Greyscale and pulsed-wave Doppler ultrasound of the ca-
rotid and proximal femoral artery were recorded, and the su-
perficial distance from sternal notch to the groin was mea-
sured. A fixed measure of 10 cm was used as an estimate of
distance from the sternal notch to the carotid artery. Pulse
wave velocity was calculated as the time difference between
the early systolic steep rise of blood flow velocity recorded
from the femoral and the carotid artery, relative to a fixed
point in the corresponding ECG, and divided by the difference
in distance from the sternal notch to the arteries.

Greyscale and pulsed-wave Doppler ultrasound were
recorded at a fixed, image-guided location of the brachial
artery above the ulnar and radial branches before and after
arterial occlusion using a distal 5 cm paediatric cuff inflated
to 250 mmHg for 5 min to enable calculations of
flow-mediated dilatation and shear rate. Dimension was mea-
sured at the maximal diameter. Blood flow was measured at a
<60 degrees angle of insonation, with traces of the Doppler
spectrum and calculation of the mean velocity.15

Post-occlusion recordings were performed 60 s after defla-
tion of the cuff. Flow-mediated dilatation was calculated as
peak dilatation after cuff deflation in percentage relative to
peak diameter before cuff inflation. The brachial artery
systolic shear rate was calculated by mean blood velocity di-
vided by internal diameter of the brachial artery.

Blood analyses

Fresh venous samples were analysed at St Olavs University
Hospital, Trondheim. Creatinine was analysed using enzy-
matic method (Siemens Advia Chemistry XPT, Siemens
Healthcare GmbH, Erlangen, Germany). Glomerular filtration
rate (GFR) was estimated using CKD–EPIcreatinine formula.16

Haemoglobin was analysed by oxidizing iron into a stable pig-
ment for photometric estimation by an automated
haematology analyser (Sysmex XN, Germany).

Cardiorenal severity

A cardiorenal severity score was customized using CHF and
CKD severity categories. CHF severity in patients with
reduced EF (HFrEF; EF ≤ 40%) was scored 1–3 according to
tertials of EF (33.7–40%, 26.0–33.6% and <26.0%, respec-
tively). CHF severity in patients with mildly reduced (HFmrEF;
EF 41–49%) or preserved EF (HFpEF; EF ≥ 50%) was scored
1–3 according to tertiles of s0 (>6.0, 5.3–6.0 and <5.3 cm/
s, respectively). Renal severity was scored based on CKD
stage,10 with scores 0 (no CKD), 1 (Stage 1 or 2 CKD), 2 (Stage
3 CKD) or 3 (Stage 4 or 5 CKD). The cardiorenal score for each
patient was calculated as the sum of the CHF and renal sever-
ity scores (1–6).
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Statistical analyses

Normally and not normally distributed continuous variables
are presented as mean (SD) and median (IQR), respectively.
Categorical data are presented as numbers (percentages).
Baseline differences between CRS and non-CRS patients were
tested with independent samples t-test, analysis of variance
or Mann–Whitney U test as appropriate. Proportions were
compared by χ2 test. For the baseline analysis of 6MWT dis-
tance and VO2peak vs. cardiac severity, pulse wave velocity,
flow-mediated dilatation, share rate, eGFR, tricuspid regurgi-
tation peak velocity and cardiorenal severity, we used simple
and multiple linear regressions, reported as β-coefficient
(standard error). Limited by the number of participants, we
did not simultaneously adjust for more than three variables
in multiple linear regression models. VO2peak and pulse wave
velocity showed non-normal distribution, but the results from
the log-transformed and non-transformed analyses were
nearly identical, and we therefore presented the
non-transformed results, unless otherwise stated. Exercise
effect was measured as change in VO2peak from baseline to
3-month post-intervention follow-up and was assessed by
analysis of covariance (ANCOVA) with groups per randomiza-
tion as a fixed factor and cardiorenal syndrome as a random
factor and baseline VO2peak, age and sex as covariates. Inter-
action between CRS and randomization group was included
in the model.

Results

Population

In total, 70 patients were enrolled. Figure 1 shows the flow
of the study participants. After exclusion of one patient not
fulfilling the HF criteria, 69 HF participants [13 (19%)
females] attended the baseline examination. Further, eight
patients were excluded, and 61 were randomized 1:1 to in-
tervention (n = 31) or control groups (n = 30). Of these, 53
patients attended the 3-month post-intervention follow-up
visit.

Table 1 summarizes the most important baseline differ-
ences between CHF patients with or without CRS. Cardiac,
renal and vascular characteristics for those attending the
baseline examination and those being randomized are pre-
sented in Supporting Information, Table S1. The disease se-
verity was quite similar in the different groups. Shortly,
mean age was 68 years, and most patients were in NYHA
Class II. HFrEF was the most common HF type, and the
most common ethology was ischaemia. Atrial fibrillation
was common (43–52%), and the majority was on optimal
medical therapy, with renin–angiotensin–aldosterone sys-
tem inhibitors (RAASI) and beta-blockers (BB) used in

≥83% of patients (Supporting Information, Table 2).
Patients that were included in baseline analyses only
(n = 8) more often presented with NYHA Class III (33%)
and ischaemic ethology (80%) as well as a lower prevalence
of CKD (37%).

CRS patients were >50% more likely to have diastolic dys-
function 2 or 3 and elevated left atrial pressure compared
with non-CRS patients. Mitral annular systolic and early dia-
stolic velocities were numerically lower in CRS patients, and
the peak tricuspid regurgitant jet velocity was higher.
Self-reported exercise did not differ with regard to frequency,
intensity and duration between CRS and non-CRS (Supporting
Information, Table 3).

Cardiac, vascular and renal characteristics
associated with physical capacity at baseline

The main cardiac, vascular, renal and cardiorenal associa-
tions with VO2peak and 6MWT distance are shown in
Table 2. CHF severity was negatively, though not signifi-
cantly, associated with VO2peak, with �1.3 and
�1.4 mL*min�1*kg�1 per unit higher score of CHF severity
in unadjusted and adjusted analyses (P ≥ 0.06). The
log-transformed analyses showed similar results (data not
shown). Similarly, HF severity was numerically, but not sig-
nificantly, associated with 6MWT distance, with �23 and
�13 m per unit higher score of CHF severity in unadjusted
and adjusted analyses (P ≥ 0.20).

The differences in VO2peak between types of CHF are
shown in Figure 2. In post hoc (log-transformed) analyses,
HFpEF patients had lowest VO2peak (difference P = 0.01
vs. HFrEF, P = 0.03 vs. HFmrEF). There was a significant dif-
ference in VO2peak between patients with different grades
of diastolic dysfunction (P = 0.047, log-transformed), where
diastolic dysfunction grade 2 patients had lower VO2peak

than grade 1, P = 0.02 (Figure 2B). At baseline, patients
with elevated filling pressure had significantly lower
VO2peak (Figure 2C; difference �3.2(1.2) mL*min�1*kg�1,
P = 0.01) and shorter 6MWT distance (�74 (32) m,
P = 0.03). The significant associations of VO2peak and
6MWT distance with peak tricuspid regurgitant jet velocity
are shown in Table 2 and Supporting Information,
Figure S1. In unadjusted and adjusted analyses, VO2peak

was 3.7 and 3.8 mL*min�1*kg�1 lower, and 6MWT distance
was 106 and 79 m shorter per 1 m/s higher peak tricuspid
regurgitant jet velocity.

None of the vascular measures, that is, pulse wave
velocity, flow-mediated dilatation or shear rate, were signif-
icantly associated with VO2peak or 6MWT distance
(all P ≥ 0.06) (Table 2).

VO2peak was significantly associated with renal characteris-
tics (Table 2 and Figure 3). VO2peak was 0.85 mL*min�1*kg�1

lower per 10 mL/min/1.73m2 lower eGFR at baseline
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(P < 0.001). Adjustment for sex and age did not alter the re-
sults (P < 0.001); neither did adjustments for diabetes
mellitus and/or body mass index (data not shown). eGFR
was significantly associated with 6MWT distance, with 20 m
shorter distance per 10 mL/min/1.73m2 lower eGFR
(P < 0.001). Adjustment for sex and age did not alter the re-
sults (P < 0.001).

Further adjustments for haemoglobin level and heart fail-
ure (HF) medication did not alter the associations of cardiac,
vascular and renal characteristics with VO2peak and 6MWT at
baseline (data not shown).

CRS and the associations with cardiac
characteristics, physical capacity and training
effect

Cardiorenal syndrome patients had (by definition) a higher
CRS severity score with mean (SD) 4.1 (1.1) compared with
2.0 (0.8) points in those without CRS, P < 0.001. There were
otherwise no significant differences in clinical cardiac charac-
teristics and no difference between patients with or without
CRS with respect to CHF ethology, NYHA class, prevalence of
previous myocardial infarction and/or revascularizations,

Figure 1 CONSORT flow diagram of the study population.
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arrhythmias, hypertension, hyperlipidaemia and smoking sta-
tus, nor in the prevalence of cerebrovascular disease, periph-
eral artery disease, chronic obstructive pulmonary disease or
cancer (data not shown, all P ≥ 0.35).

Patients with CRS had significantly lower VO2peak [differ-
ence 3.5 (1.1) mL*min�1*kg�1, P = 0.002] and shorter
6MWT distance [difference 96 (27) m, P = 0.001] at baseline
compared with non-CRS patients (Table 1). The cardiorenal
severity score was significantly associated with VO2peak and
6MWT distance (Table 2 and Figure 3). Per unit higher
cardiorenal severity score (1–6), VO2peak was 1.5 mL*min-
�1*kg�1 lower (P < 0.001) and 6MWT distance approximately
35 m shorter (P < 0.001) in unadjusted and adjusted analy-
ses. We did not find significant differences in short physical
performance battery results between CRS groups (P = 0.10).

The change in VO2peak from baseline to 3-month post-
intervention follow-up in CRS patients was �1.379 (0.432)
mL*min�1*kg�1 in the control group and �0.434 (0.407)
mL*min�1*kg�1 in the intervention group. The correspond-
ing changes in VO2peak in non-CRS patients were 0.055
(0.497) mL*min�1*kg�1 and 0.729 (0.512) mL*min�1*kg�1

in the control and intervention group, respectively. Overall,
the change in VO2peak was �0.907 (0.305) mL*min�1*kg�1

in the CRS patients compared with 0.392 (0.354) mL*min-
�1*kg�1 in the non-CRS patients (P = 0.013) after adjustment
for sex, age, and baseline VO2peak.

Further adjustments for haemoglobin level and HF medica-
tion did not alter the associations of cardiorenal characteris-
tics with VO2peak and 6MWT at baseline or change until
3-month post-intervention follow-up (data not shown).

Table 1 Basic characteristics in patients with and without cardiorenal syndrome

Without CRS (n = 29) With CRS (n = 40) P-value

Age at inclusion, years, mean (SD) 65 (13) 71 (9) <0.05
Females 7 (24%) 6 (15%) 0.34
Heart failure characteristics

NYHA II 25 (89%) 29 (74%) 0.13
NYHA III 3 (11%) 10 (26%)
HF reduced EF 19 (66%) 28 (70%) 0.39
HF mildly reduced EF 9 (31%) 8 (20%)
HF preserved EF 1 (3%) 4 (10%)

Renal characteristics
eGFR, mL/min/1.73 m2 78 (12) 44 (22) <0.001
ACR, mg/mmol, median (IQR) 1 (0.7–1.5) 2.6 (1.2–7.7) <0.001
Haemoglobin, g/dL, mean (IQR) 14.2 (13.1–15) 12.9 (11.3–14.5) <0.05
SBP, mmHg, mean (SD) 122 (18) 118 (21) 0.40
DBP, mmHg, mean (SD) 76 (14) 70 (11) <0.05
Diabetes mellitus I or II 3 (11%) 15 (39%) <0.05
Diabetic nephropathy 0 9 (23%) <0.01

Anthropometry
BMI, kg/m2, mean (SD) 28.1 (4.9) 28.4 (4.9) 0.78
BSA, m2, mean (SD) 2.0 (0.2) 2.0 (0.2) 0.81
Waist-to-hip ratio, cm, mean (SD) 1.01 (0.1) 1.05 (0.1) <0.05

Physical capacity tests
6MWT, distance, m, mean (SD) 523 (91) 427 (118) <0.01
SPPB, total score, median (IQR) 11 (10–12) 10 (8–12) 0.10
CPET, VO2peak, mL*min�1*kg�1, mean (SD) 19.5 (4.7) 16.0 (3.8) <0.01

Echocardiographic features
LV EDV, mL, mean (SD) 167 (67) 182 (81) 0.32
LV EF, %, mean (SD) 35 (10) 34 (12) 0.625
Mean septal/lateral s0, cm/s, mean (SD) 5.2 (1.6) 4.6 (1.4) 0.08
LAESVi, mL/m2, mean (SD) 46 (12) 60 (25) <0.05
LAESV/LVEDV ratio, median (IQR) 0.6 (0.4–0.7) 0.6 (0.4–0.9) 0.53
Mean septal/lateral e0, cm/s, mean (SD) 6.0 (2.7) 5.7 (2.5) 0.28
E/e0 ratio, median (IQR) 11 (9–13) 15 (10–18) <0.05
TR Vmax, m/s, mean (SD) 2.6 (0.4) 2.9 (0.5) 0.06
Elevated LAP 16 (55%) 35 (87%) <0.01
DD Grade 1 12 (41%) 4 (10%) <0.05
DD Grade 2 14 (48%) 30 (75%)
DD Grade 3 3 (10%) 6 (15%)

6MWT, 6-min walk test; ACR, albumin-to-creatinine ratio; BMI, body mass index; BSA, body surface area; cm, centimetres; cm/s,
centimetres per second; CPET, cardiopulmonary exercise test; DBP, diastolic blood pressure; DD, diastolic dysfunction; e0, basal left ventri-
cle early diastolic velocity by tissue Doppler; EF, ejection fraction; EF, ejection fraction; g/dL, grams per decilitre; HF, heart failure; IQR, inter
quartile range; kg, kilograms; L, litre; SBP, systolic blood pressure; LAESVi, indexed end systolic left atrial volume; LAP, left atrial pressure;
LVEDV, left ventricle end diastolic volume; m/s, metres per second; m2, square metres; mg, milligrams; mL, millilitres; s0, basal left ventricle
systolic velocity by tissue Doppler; mmHg, millimetres of mercury; mmol, millimole; NYHA, New York Heart Association (functional class);
SD, standard deviation; SPPB, short physical performance battery.
Data are presented as number and percentage, n (%), if not stated elsewhere.
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Discussion

In this RCT evaluating telerehabilitation in CHF patients, pa-
tients with CRS had lower cardiorespiratory fitness, more se-
vere diastolic dysfunction and higher prevalence of elevated
left atrial pressure at baseline. Furthermore, CRS status was
associated with change in cardiorespiratory fitness. Only
non-CRS patients in the intervention group increased their
cardiorespiratory fitness, whereas CRS patients in the control
group decreased cardiorespiratory fitness at 3-month post-
intervention follow-up.

Reduced cardiorespiratory fitness in chronic kidney disease
is well known,3,17,18 and various mechanisms have been sug-
gested. Volume overload and systemic venous congestion is a
frequent problem in both CHF and CKD.19–21 In CRS, this
problem is amplified by the kidneys’ limited ability to excrete
sodium and by the heart’s limited ability to cope with in-
creased levels of extracellular fluid.22 Neurohormonal activa-
tion and endothelial dysfunction caused by CKD and other
non-cardiac diseases may contribute to the left ventricular
stiffening typically found in HFpEF by cross-bridging fibrosis
and less compliant isoforms of the giant spring protein titan
within cardiomyocytes.23,24 Our findings of elevated pulmo-
nary artery pressure (shown by the higher tricuspid
regurgitant velocities) in CRS patients support that diastolic
dysfunction with higher volume states and a higher propor-
tion of elevated left atrial pressure may be another important
mechanism in CRS. Some authors suggest CKD-associated
HFpEF to be a separate subgroup.24

CKD patients typically have a high number of risk factors
that could influence cardiorespiratory fitness. Diabetes
mellitus, a major cause of CKD, is previously shown to be in-
dependently associated with reduced LV function.25 Further-
more, various metabolic changes, including anaemia, reduced
mitochondrial function and altered fatty acid metabolism,
will also reduce their cardiorespiratory fitness.26 Immunosup-
pressive drugs in renal transplant recipients may also limit
exercise tolerance.3 There may be CKD-related factors not
measured or not controlled for in our study, but further ad-
justments for diabetes mellitus did not explain the presented
associations of CKD and eGFR with reduced VO2peak and
6MWT distance (data not shown). Additional adjustments
for HF medication or haemoglobin did not alter the pre-
sented associations of cardiac, renal or cardiorenal character-
istics with cardiorespiratory fitness or 6MWT distance at
baseline or 3-month post-intervention follow-up.

In our trial, HF phenotype and echocardiographic parame-
ters only showed modest associations with physical capacity.
The customized overall cardiorenal severity score, but not the
cardiac sub-dimension, was significantly associated with
VO2peak and 6MWT distance. In general, echocardiographic
indices of type and severity of HF presented weaker associa-
tions with cardiorespiratory fitness than renal indices.
Previous studies have shown conflicting results regardingTa
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the relationship between vascular health and CKD,19,27 even
though the endothelium is affected by the sodium retention
in HF.21 We found no significant associations of any vascular
measure with CRS status.

We found lower physical fitness in HF patients with CRS,
and further, a linear relationship between eGFR and
VO2peak and 6MWT distance. Reduced eGFR was closer as-
sociated with VO2peak than age and sex. The linear relation-
ship between VO2peak and eGFR is previously shown in
non-HF patients.28 In the HF-ACTION trial, the correlation
of CKD stage and VO2peak in HFrEF patients with available
measures of creatinine within 1 year of inclusion was eval-
uated. The study found lower VO2peak and more risk factors
at higher CKD stages.7 We measured creatinine within

1 day of exercise testing, and the presented results
confirm the close association of eGFR with cardiorespira-
tory fitness.

The effect size of exercise, although not significant, is in
line with findings in other large, randomized trials.4–6 In these
trials, exercise increased maximal oxygen consumption by
0.6–1.6 mL*min�1*kg�1, despite these trials did not include
CRS patients with severely reduced kidney function. Reduced
cardiorespiratory fitness may occur as the results of acute
complications.29 However, our findings are more consistent
with a gradual deterioration of cardiorespiratory fitness over
time. Thus, the findings of this study indicate a potential for
modifying cardiorespiratory fitness, and subsequently prog-
nosis, in CHF patients with and without CRS.

Figure 3 Associations of renal characteristics and cardiorenal severity score with physical capacity. Panels A and B show the associations of eGFR (in
difference from mean) with VO2peak and 6MWT distance by linear regression analyses controlled for age and sex. Panels C and D show the associations
of cardiorenal severity score (in difference from mean) with VO2peak and 6MWT distance adjusted for age and sex.

Figure 2 Associations of HF characteristics and VO2peak at baseline. Significant P-values from log-transformed analyses are annotated.
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Strengths and limitations

The main strengths of our investigations are the comprehen-
sive and standardized data collection including gold standard
measurements of cardiorespiratory fitness on a treadmill and
comprehensive echocardiography. Furthermore, unlike in
other trials, we included CKD patients at Stages 1 and 2 ac-
cording to KDIGO classification, based on the presence of al-
buminuria or other indicators of kidney disease.1,10 However,
the limited sample size reduced the ability to simultaneously
control for more than three variables. Iron levels were not in-
cluded in our investigations. As adjustment for haemoglobin
did not alter the presented results, we find it unlikely that
between-group differences in iron status would have
changed the results.

Conclusions

By evaluating baseline data in this RCT of exercise interven-
tion in CHF patients, we found a strong linear association of
eGFR with VO2peak and 6MWT distance. The association of re-
nal function with cardiorespiratory fitness was stronger than
for HF phenotype and other characteristics. This may be due
to higher volume states in CRS patients. We found a gradient
in training effect where control patients with CRS had a sig-
nificant decrease until 3-month post-intervention follow-up,
while non-CRS patients in the exercise group significantly in-
creased their cardiorespiratory fitness. The results highlight
the importance of including and stratifying for renal function
in future exercise trials and indicate a treatment potential of
physical exercise for CRS patients. Exercise seems to be as im-
portant in CHF patients with CRS as in those without, but fu-
ture studies are needed to find the most beneficial type of
training.
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