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absTracT

Aims
In chronic heart failure (CHF), low body mass as a reflection of low muscle mass has been 

associated with poor outcome. Urinary creatinine excretion rate (CER) is an established 

marker of muscle mass, but has not been investigated in CHF. This study aims to evaluate 

urinary CER as a marker of muscle mass in patients with CHF and establish the relationship 

with clinical outcome.

Methods
In 120 patients with CHF, we evaluated CER as determined by mean creatinine excretion rate 

in two consecutive 24 hours urine collections. We evaluated the relationship between CER 

and clinical variables using linear regression. Finally, we evaluated the association between 

CER and clinical outcome.

Results
Mean age was 59±12 years, and 80% were male. Mean CER was 1383 mg/day (range 412-

2930). Independent predictors of CER were body surface area (BSA) (β =0.404; P<0.001), 

gender (β= -0.180, P=0.029), log N terminal pro Brain Natriuretic Peptide (NTproBNP) (β= 

-0.172, P=0.048) and age (β = -0.168; P=0.035). During three years of follow-up 33 patients 

(28%) developed a clinical endpoint, defined as the first occurrence of either all-cause death, 

heart transplantation, myocardial infarction, or hospitalization for heart failure during three 

years of follow up. In Cox regression analyses, log CER was associated with the occurrence of 

the clinical endpoint independent of age, gender, BSA and glomerular filtration rate, (Hazard 

Ratio 7.04 [1.81 – 27.5], P = 0.005 per log decrease), but not independent of NTproBNP 

(Hazard Ratio 3.86 [0.94 – 15.90] P =0.062).

Conclusions
Low urinary CER is associated with smaller body dimensions and more severe heart failure 

and is associated with an increased risk of adverse outcome.
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inTroDucTion

In patients with chronic heart failure (CHF), low body mass index has been associated with 

poor clinical outcome, while patients with relatively higher body weight seem to have a 

lower risk of adverse outcome and mortality.1,2 This obesity paradox has been attributed 

to a state of body wasting (i.e. cachexia), which is a reflection of the severity of the disease 

and tissue wasting that affects muscle, fat and bone tissue.3 Muscle wasting can be present 

in non-cachectic patients, without actual weight loss.4 Twenty four hour urinary creatinine 

excretion is the classic method for estimation of total-body-skeletal muscle mass.5,6 Even in 

patients with advanced renal failure, children, adolescent, elderly people, and in patients 

with wasting conditions, urinary creatinine excretion is considered a reliable method.7-9 As 

such, it has been suggested as a non-invasive, cheap marker to evaluate muscle wasting in 

the general population and different patient populations.10-13 In these observations, a lower 

urinary creatinine excretion was associated with the occurrence of major adverse cardiovas-

cular events and all-cause mortality. To date, there have been no studies addressing urinary 

creatinine excretion rate in patients with CHF. We hypothesized that in a cohort of patients 

with different stages of CHF, lower creatinine excretion rate, as a marker of muscle wasting 

and possibly cachexia, is associated with heart failure severity and adverse outcome.

meThoDs

Patient population
The study population has been described in detail previously.14,15 In short, clinically stable 

CHF outpatients with reduced left ventricular ejection fraction (LVEF < 45%), were recruited 

from the outpatient CHF-clinic of the University Medical Center Groningen, the Netherlands. 

All patients gave written informed consent, and the study was approved by the local ethics 

committee.

Study design
On the first day, renal function was measured by iothalamate clearance. Body weight and 

height were determined in a standardized process just before renal function measurements. 

Body mass index (BMI, kg/m2) was calculated as weight (kg) divided by the square of height 

(m2). Body surface area (BSA) was calculated as 0.007184 x weight0.425 x height0.725. Blood was 

drawn during renal function measurement with patients in supine position. After the renal 

function measurements by iothalamate were finished, patients were given two contain-

ers for two consecutive 24-hour collections the following two days. After return of these 

containers, samples were taken for determination of urinary creatinine and calculation of 
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24-hour creatinine clearance. Serum cystatin C level was measured by nephelometry (BN II 

N) (Dade Behring Diagnostic, Marburg, Germany).

Renal function measurements by Iothalamate clearance
Glomerular filtration rate (GFR) and effective renal plasma flow (ERPF) were measured by 

constant infusion of radiolabelled tracers, 125I-Iothalamate and 131I-Hippuran as described 

before.16 GFR, renal blood flow (RBF) and ERPF were expressed per 1.73m2 of BSA. RBF was 

calculated as ERPF/1-haematocrit.

Urinalysis
Urine creatinine was determined by Kodak Ektachem dry chemistry (Eastman Kodak, Roch-

ester, NY). Creatinine excretion rate was calculated as urinary creatinine excretion divided by 

urine volume of the 24 hour collection and expressed as mg/day. Mean urinary creatinine 

excretion was calculated as the mean of two 24-hour urine collections. In 8 (7%) patients, 

only one single measurement could be obtained due to unsuccessful collection and in 

these cases this single measurement was used. The overall correlation between the two 

consecutive measurements was fair (r = 0.67, P < 0.001). Urinary albumin excretion (UAE) 

was determined by nephelometry (Dade Behring Diagnostics, Marburg, Germany).

Outcome measures
The composite clinical outcome was the first occurrence of either all-cause death, heart 

transplantation, myocardial infarction, or hospitalization for heart failure, defined as an over-

night hospital stay with diagnosis at discharge being ‘admittance for heart failure’ during 

three years of follow up.

Statistical analysis
Data with a normal distribution are presented as mean ± standard deviation and as fre-

quencies and percentages for categorical values. Data with a skewed distribution (serum 

creatinine, urea, NTproBNP, hsCRP, UAE and cystatin C) are shown as median with interquar-

tile range (IQR). The two consecutive creatinine measurements were tested for significance 

with a paired t-test. Differences between tertiles of the mean creatinine excretion rate were 

tested for significance with one-way ANOVA for normally distributed variable, Fisher’s exact 

test for categorical variables and Kruskal-Wallis for skewed variables. Uni- and multivariable 

linear regression analyses was performed with log transformed CER as a dependent variable. 

Multivariable linear regression analysis, including all variables with p < 0.10 in univariable 

analysis, was used to investigate independent associations with CER. Variables that showed 

strong collinearity were not introduced into the model together. Therefore, BSA (of body 

composition variables) and GFR (of renal variables) were used in the multivariable analysis 

as their magnitude of association with CER was the largest. We also include a backward 
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eliminated stepwise linear regression analysis. Cox proportional hazard regression analysis 

was performed to investigate the association of CER with the composite endpoint. The pro-

portional hazard assumption was checked by inspection of “log-log” plots for tertiles of CER, 

Schoenfeld residual plots and introducing interactions with survival time for variables of 

interest. CER was investigated as continuous variable, by tertiles and per doubling of CER. To 

allow for this, CER was log-transformed to the base of two. The latter was done to allow for 

comparison of reported strengths of associations of published studies in different popula-

tions.10, 11 In multivariable models, log CER was subsequently adjusted for age, gender, BSA, 

GFR, UAE and log N terminal pro Brain Natriuretic Peptide (NTproBNP). A two-tailed P value < 

0.05 was considered statistically significant. Statistical analyses were performed using SPSS, 

version 21.0 software (SPSS, Inc., Chicago, IL), and STATA, College Station, Texas, version 12.0.

resulTs

The population consisted predominantly of males (80%) with a mean age of 59 ± 12 years. 

Mean CER was 1383 mg/day (range 412 - 2930) (10.4 mmol/day; women: 8.4 mmol/day; 

men: 13.2 mmol/day) (table 1). No significant difference in mean CER was observed between 

the two consecutive time points, or concerning the patients with a single measurement. 

Across tertiles of CER, there were more males in the highest tertile, while subjects in this 

tertile were also younger, taller and heavier. As a consequence, patients in the highest tertile 

had a higher BMI and BSA ((Figure 1 and supplementary figures for BMI and weight). Patients 

with a higher CER also had higher diastolic blood pressure and lower NYHA class (Figure 2). 

Serum creatinine was not different over the tertiles of CER, but renal function, as indicated 

by true GFR, was substantially better in the subjects with the highest CER. This associa-

tion with renal function and more severe heart failure remained after indexing CER to BSA 

(supplementary table 1). The results of the linear regression analyses with CER as dependent 

variable are shown in table 2. Indices of body size, renal function and heart failure severity 

were associated with CER. In multivariable analysis, BSA (β =0.404; P<0.001), gender (β= 

-0.180, P=0.029), log NTproBNP (β= -0.172, P=0.048) and age (β = -0.168; P=0.035) remained 

independently associated with CER. Using backward linear regression analysis, gender 

(β=-0.188; P=0.018), age (β=-0.150; P=0.028), BSA (β=0.464; P<0.001) and log NTproBNP (β=-

0.253; P<0.001) remained significantly associated with CER (R2 =0.587).

CER and Clinical Outcome
During follow-up, a total of 33 patients (28%) experienced the composite clinical endpoint. 

The Kaplan-Meier analysis for tertiles of CER is shown in figure 3. Patients in the lowest CER 

tertile showed the worst clinical outcome. In a univariable Cox regression analysis, log CER 

decrease was significantly associated with poor clinical outcome (Hazard Ratio (HR) 5.24 
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Table 1. Baseline characteristics according to tertiles of CER

Variables
Total

N = 120
1 (lowest)

N = 40
2 (middle)

N = 40
3 (highest)

N = 40
P-value

CER (mg/day) 1383 ± 483 862 ± 175 1372 ± 141 1917 ± 301

Age (years) 59 ± 12 63 ± 13 58 ± 10 55 ± 11 0.009

Males (%) 80 58 83 100 < 0.001

Caucasians (%) 99 98 100 100 0.365

NYHA III or IV (%) 38 60 35 18 < 0.001

LVEF (%) 29 ± 10 25 ± 9 31 ± 9 30 ± 10 0.036

Medical History (%)

Ischemic Etiology 50 48 53 50 0.905

Dilated Cardiomyopathy 34 25 32 45 0.194

Myocardial infarction 46 40 45 54 0.442

Diabetes 13 8 23 8 0.410

Anthropometrics

Height(cm) 176 ± 9.3 171 ± 9.6 177 ± 7.7 181 ± 7.2 < 0.001

Weight (kg) 86 ± 15 75 ± 15 87 ± 12 95 ± 11 < 0.001

BMI (kg/ m2) 27.5 ± 3.7 25.5 ± 3.6 27.8 ± 3.4 29.0 ± 3.4 < 0.001

BSA (m2) 2.02 ± 0.21 1.86 ± 0.22 2.03 ± 0.16 2.16 ± 0.14 < 0.001

Vital Signs

Systolic BP (mmHg) 119 ± 20 117 ± 24 120 ± 20 121 ± 16 0.665

Diastolic BP (mmHg) 69 ± 12 64 ± 12 70 ± 12 72 ± 9 0.004

Heart rate (bpm) 65 ± 13 67 ± 14 63 ± 12 65 ± 12 0.329

Laboratory Values

Serum creatinine (umol/L)* 104 (91-123) 110 (92-132) 102 (91-131) 101 (89-115) 0.283

Urea (mmol/L) 7.1 (6.0-10.1) 8.5 (6.7-13.0) 7.1 (6.1-9.8) 6.2 (5.6-7.9) 0.004

NTproBNP (pg/mL) 633 (265-1863) 1800 (866-3306) 498 (229-1343) 343 (193-584) < 0.001

hsCRP (mg/L) 2.4 (0.9-4.2) 3.3 (1.4-6.1) 1.5 (0.8-4.0) 2.6 (1.1-3.8) 0.098

Hematocrit (%) 0.42 ± 0.04 0.41 ± 0.05 0.41 ± 0.04 0.43 ± 0.03 0.004

Renal parameters

GFR (mL/min/1.73m2) 74 ± 27 57 ± 26 75 ± 25 89 ± 20 < 0.001

RBF (mL/min/1.73m2) 462 ± 162 355 ± 138 468 ± 150 565 ± 126 < 0.001

UAE (mg/day) 9.4 (6.2-18.3) 9.6 (5.8-27.0) 9.0 (6.1-18.7) 9.9 (7.3-14.6) 0.311

Cystatin C (mg/L) 0.81 (0.69-1.02) 1.00 (0.81-1.15) 0.77 (0.69-0.99) 0.74 (0.67-0.84) <0.001

Medication use (%)

ACE-inhibitor 85 85 75 95 0.043

ARB 15 18 23 5 0.078

Beta-blocker 84 80 80 93 0.209

Loop Diuretics 68 80 65 58 0.091

MRA 31 40 35 18 0.073

* Divide by 88.4 to obtain ml/dL. Abbreviations: ACE: Angiotensin Converting Enzyme inhitor, ARB: Angiotensin 
II Receptor Blocker, BMI: Body Mass Index, BP: Blood Pressure, BSA: Body Surface Area, CER: Creatinine Excretion 
Rate, GFR: Glomerular Filtration Rate, hsCRP: high sensitive C-reactive Protein, LVEF: Left Ventricular Ejection Frac-
tion, MRA: Mineralocorticoid Receptor Antagonist, NTproBNP: N-terminal Pro Brain Natriuretic Peptide, NYHA: 
New York Heart Association, RBF: Renal Blood Flow, UAE: Urinary Albumin Excretion.
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Figure 1. Scatterplot of CER and BSA
β = 0.686, P < 0.001. Abbreviations: BSA: Body Surface Area, CER: Creatinine Excretion Rate

Table 2. Linear regression analysis for log CER

Univariable Multivariable*

Variable Beta P-value Beta P-value

Age -0.280 0.002 -0.168 0.035

Gender -0.482 < 0.001 -0.180 0.029

Height 0.582 < 0.001

Weight 0.662 < 0.001

BMI 0.441 < 0.001

BSA 0.686 < 0.001 0.404 < 0.001

Diastolic BP 0.258 0.004 -0.006 0.932

LVEF 0.110 0.233

NYHA -0.362 < 0.001 -0.129 0.169

Log Urea -0.279 0.002 0.156 0.120

Log UAE -0.055 0.553

Log NTproBNP -0.488 < 0.001 -0.172 0.048

Hematocrit 0.358 < 0.001

GFR 0.577 < 0.001 0.172 0.161

GFR per BSA 0.455 < 0.001

ACE-inhibitor 0.062 0.503

* All univariate significant (P < 0.1) variables included. Only one measurement of body composition (Height, 
weight, BMI or BSA), or renal function/perfusion (GFR, RBF) were included because of collinearity. Because BSA 
was included, GFR was introduced without correction for BSA. Abbreviations as in Table 1.
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[2.12-13.0], P<0.001). Consequently, the hazard ratio per doubling of CER reflects a lower risk 

(HR 0.32 [0.17-0.59], P < 0.001. In multivariable Cox regression analysis, CER per log decrease 

remained an independent predictor of outcome after adjustment for age, gender, BSA, 

GFR and UAE (Table 3), while a trend remained after adjustment for NTproBNP (P=0.098). 

After adjustment for BMI, instead of BSA, in addition to gender and age, CER remained an 

independent predictor of adverse clinical outcome (HR 7.90 [2.67-23.36] P<0.001) per log 

decrease.

Figure 2. Relationship between NYHA class and CER
* P < 0.05, # P < 0.001 compared to NYHA I. Abbreviations: CER: Creatinine Excretion Rate, NYHA: New York Heart 
Association

Table 3. Cox regression analysis for combined endpoint

Variable Hazard Ratio (95% CI) P-value

Per log CER decrease 5.24 (2.12 – 13.0) < 0.001

Adjusted for Age and Gender 6.13 (2.04 – 18.4) 0.001

Adjusted for above and BSA 10.2 (3.2 – 32.6) < 0.001

Adjusted for above and GFR 7.04 (1.81 – 27.5) 0.005

Adjusted for above and UAE 7.67 (1.82 – 32.3) 0.005

Adjusted for above and log NTproBNP 3.66 (0.79 – 17.0) 0.098

* Abbreviations as in table 1.
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Discussion

In our present study of patients with stable systolic CHF, a lower creatinine excretion rate 

was associated with a lower body surface area, more severe heart failure and was indepen-

dently associated with an increased risk of adverse clinical outcome. The latter association 

was independent of age, gender, BSA and GFR, but not NTproBNP.

Urinary CER, weight and heart failure severity
Several studies showed that decreased body weight is associated with a higher mortality 

risk in patients with heart failure.1,2 One of the reasons for low body weight as a risk factor 

may be reduced skeletal muscle mass, as a result of muscle wasting. The more severe form 

of muscle wasting, cachexia, is a gradual, complex process that affects muscle, fat and bone 

tissue, and is thought to be caused by an anabolic/catabolic imbalance and inflammatory 

immune activation.17 The assessment of muscle wasting and cachexia measured only by 

weight and weight changes is difficult and often inaccurate in CHF, since fluid shifts caused 

by congestion and diuretic treatment, as well as individual differences in muscle wasting 

can cause large fluctuations in weight. Importantly, a lower body weight is also associated 

Figure 3. Kaplan Meier survival curve for the combined endpoint according to tertiles of CER
Abbreviations: CER: Creatinine Excretion Rate. Univariate Hazard Ratio (HR) for middle vs. highest tertile: 1.96 
(0.66 – 5.84), P=0.23, HR for lowest vs. highest tertile: 4.88 (1.82 – 13.1), P = 0.002
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with adverse outcome in the absence of cachexia, further strengthening the belief that 

weight alone does not capture this phenomenon.18 Muscle wasting on the other hand, may 

not even manifest in significant weight changes. In a recent study in a cohort with patients 

with stable chronic heart failure, 19.5% of these patients presented with clinical features of 

muscle wasting.19 A marker that better reflects this situation could therefore be helpful for 

risk stratification in CHF. In populations other than CHF, 24 hour urinary creatinine excretion 

is an established method of assessing muscle mass.5,6 In our present study in patients with 

stable CHF, we found that the mean CER (10.4 mmol/day; women: 8.4 mmol/day; men: 13.2 

mmol/day) was lower compared to the general population where the mean CER is around 

12.3 mmol/day (women: 10.1 mmol/day; men: 14.4 mmol/day) as previously described by 

Oterdoom et al.10 This may suggest that our hypothesis of reduced muscle mass in CHF as 

assessed by CER may be valid. We also found that the extent of CER was associated with the 

severity of heart failure and body composition. Indirect reasons why CER as a reflection of 

muscle mass may be associated with CHF severity may be nutritional status, i.e. occurrence 

of malnutrition along with more severe CHF, and lack of physical activity. A poor nutritional 

status is often present in patients with CHF and may be caused by either poor intake, as well 

as malabsorption of lipids and protein loss in the gut.20 This may result in relative hypotrophy 

of cardiac muscle in proportion to skeletal muscle hypotrophy, resulting in lower muscle 

turnover and subsequent lower CER, suggesting a link between nutritional status, CHF 

severity and urinary CER.21 Additionally, one of the clinical features of CHF is the reduction in 

exercise capacity, which could eventually lead to muscle wasting. Patients with more severe 

heart failure are less active, resulting in reductions in muscle mass, which subsequently 

leads to a lower urinary CER. These patients can exercise less due to loss of muscle mass, 

which results in more symptoms of heart failure feeding the vicious circle, which could 

at least partly explain our results. Exercise training in heart failure patients has beneficial 

effects on exercise capacity, quality of life, cardiovascular function and on neurohormonal, 

inflammatory and metabolic response.22-25 Several of these factors are also altered in heart 

failure patients that develop cachexia, therefore exercise training may potentially positively 

influence these.26 However, the impact of exercise training in cachectic heart failure patients 

has not yet been sufficiently investigated.

In our study the association of creatinine excretion rate with heart failure severity re-

mained after indexing CER to BSA, suggesting body dimensions are not solely responsible 

for this association.

Urinary CER and outcome
A low creatinine excretion rate was associated with development of major adverse 

cardiovascular events and all-cause mortality in the general population.10 More recently, 

low creatinine excretion rate was also strongly related to increased all-cause mortality in 

patients with type 2 diabetes and nephropathy.11 In this analysis, patients with CHF with 
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the lowest mean CER showed the worst clinical outcome. We observed that a lower CER 

was significantly associated with an increased risk of adverse outcome. The HR for mortality 

appears to be similar to previous results in the general population and in patients with 

type 2 diabetes, although the uncertainty of our risk estimate was larger, probably due to 

the smaller population size.10,11 The association with an increased risk of adverse outcome 

remained after adjustment for BSA, suggesting that the relationship between CER and 

outcome in CHF is not solely determined by its association with body composition. This 

further supports the observation that urinary creatinine in CHF represents more than just 

muscle mass turnover, and could serve as a surrogate of heart failure severity, and as marker 

of prognosis. The possibility of CER being a marker of severity of CHF is further supported 

by the finding that the association of CER with outcome was not independent of NTproBNP. 

Since NTproBNP is strongly related to heart failure severity, this possibly identifies sicker 

heart failure patients. As patients with a low CER have worse renal function, which is related 

to higher NTproBNP levels, co-linearity is possibly an issue.27 Additionally, considering our 

small sample size, the absence of an association between clinical outcome and CER when 

adjusted for NTproBNP could also be related to the power of the study.

Limitations
Although 24 hour creatinine excretion is considered the classic method for assessing 

muscle mass, a CT or MRI is considered the gold standard.28 In the present study we did not 

compare urinary CER to other methods of assessing muscle wasting and we did not assess 

weight loss over time. Twenty-four hour urinary creatinine excretion may have a greater 

clinical applicability, since it is easy obtainable, non-invasive and relatively cheap. Errors in 

urine collection are considered a limitation of the 24 hour urinary creatinine measurement. 

To minimize collection errors we obtained two samples of consecutive days in 93% of our 

cohort. Other limitations include the retrospective nature of our data, the relatively small 

single centre cohort and relatively short follow up time, all of which could have influenced 

our power to find or rule out clinically significant findings. Our data must therefore be seen 

as hypothesis generating. Our results suggest that assessment of CER in the CHF clinic 

could be of additive value to establish muscle wasting. Interestingly, our patients, even in 

the lowest CER tertile have a relatively high BMI, suggesting that CER may be indicative of 

sarcopenia before actual significant weight loss occurs. However, validation of CER in HF, in 

a larger dataset and compared to other measure of muscle mass and cachexia is needed.

conclusions

Low urinary CER is associated with smaller body composition and more severe heart failure 

and is independently associated with an increased risk of adverse outcome.
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Supplementary table 1. Baseline characteristics according to tertiles of indexed CER to BSA

Variables Total 1 (lowest) 2 (middle) 3 (highest) P-value

CER (mg/day) / BSA 676 ± 195 456 ± 76 674 ± 48 892 ± 107

Age (years) 59 ± 12 62 ± 12 58 ± 12 56 ± 11 0.051

Males (%) 80 59 83 98 < 0.001

Caucasians (%) 99 98 100 100 0.355

NYHA III or IV (%) 37 59 30 23 0.002

LVEF (%) 29 ± 10 27 ± 10 30 ± 9 29 ± 10 0.354

Medical History (%)

Ischemic Etiology 50 49 50 53 0.943

Dilated Cardiomyopathy 34 30 33 41 0.597

Myocardial infarction 46 42 43 54 0.497

Diabetes 13 13 15 10 0.940

Anthropometrics

Height(cm) 176 ± 9.3 171 ± 9.4 177 ± 8.6 181 ± 7.6 < 0.001

Weight (kg) 86 ± 15 78 ± 15 86 ± 14 94 ± 12 < 0.001

BMI (kg/ m2) 27.5 ± 3.7 26.3 ± 4.0 27.5 ± 3.7 28.6 ± 3.1 < 0.020

BSA (m2) 2.02 ± 0.21 1.90 ± 0.22 2.03 ± 0.19 2.13 ± 0.16 < 0.001

Vital Signs

Systolic BP (mmHg) 119 ± 20 116 ± 24 123 ± 20 119 ± 20 0.341

Diastolic BP (mmHg) 69 ± 12 65 ± 12 72 ± 12 71 ± 9 0.010

Heart rate (bpm) 65 ± 13 67 ± 15 63 ± 11 65 ± 13 0.302

Laboratory Values

Serum creatinine (mmol/L) 104 (91-123) 107 (92-142) 102 (90-125) 102 (90-116) 0.463

Urea (mmol/L) 7.1 (6.0-10.1) 8.5 (6.8-14.3) 7.0 (6.0-9.3) 6.3 (5.6-7.9) 0.001

NTproBNP (pg/mL) 634 (265-1864) 1513 (750-3378) 473 (175-1386) 417 (156-634) < 0.001

hsCRP (mg/L) 2.4 (0.9-4.2) 3.3 (1.2-5.5) 2.3 (0.8-4.3) 2.3 (0.9-3.8) 0.729

Hematocrit (%) 0.42 ± 0.04 0.40 ± 0.05 0.41 ± 0.03 0.43 ± 0.03 0.003

Renal parameters

GFR (mL/min/1.73m2) 74 ± 27 58 ± 27 77 ± 25 87 ± 20 < 0.001

RBF (mL/min/1.73m2) 462 ± 162 358 ± 143 473 ± 151 556 ± 127 < 0.001

UAE (mg/day) 9.4 (6.2-18.3) 9.4 (3.1-27.8) 8.3 (5.7-17.5) 10.3 (7.3-17.7) 0.340

Cystatin C (mg/L) 0.81 (0.69-1.02) 1.01 (0.81-1.26) 0.77 (0.68-0.98) 0.74 (0.68-0.84) <0.001

Medication use (%)

ACE-inhibitor 85 85 78 93 0.173

ARB 15 18 23 5 0.078

Beta-blocker 84 74 88 90 0.126

Loop Diuretics 68 77 65 60 0.259

MRA 31 44 30 20 0.076
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* Divide by 88.4 to obtain mg/dL. Abbreviations: ACE: Angiotensin Converting Enzyme inhitor, ARB: Angiotensin 
II Receptor Blocker, BMI: Body Mass Index, BP: Blood Pressure, BSA: Body Surface Area, CER: Creatinine Excretion 
Rate, GFR: Glomerular Filtration Rate, hsCRP: high sensitive C-reactive Protein, LVEF: Left Ventricular Ejection Frac-
tion, MRA: Mineralocorticoid Receptor Antagonist, NTproBNP: N-terminal Pro Brain Natriuretic Peptide, NYHA: 
New York Heart Association, RBF: Renal Blood Flow, UAE: Urinary Albumin Excretion.
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Supplementary figure 1. Scatterplot of CER and BMI
β = 0.441, P < 0.001. Abbreviations: BMI: Body Mass Index, CER: Creatinine Excretion Rate
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Supplementary figure 2. Scatterplot of CER and Weight
β = 0.662, P < 0.001. Abbreviations: CER: Creatinine Excretion Rate






