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Abstract

:

Background: Low 24-h urinary excretion of creatinine in patients with heart failure (HF) is believed to reflect muscle wasting and is associated with a poor prognosis. Recently, spot urinary creatinine concentration (SUCR) has been suggested as a useful prognostic factor in selected HF cohorts. This more practical and cheaper approach has never been tested in an unselected HF population. Moreover, neither the relation between SUCR and body composition markers nor the association of SUCR with the markers of volume overload, which are known to worsen clinical outcome, has been studied so far. The aim of the study was to check the prognostic value of SUCR in HF patients after adjusting for body composition and indirect markers of volume overload. Methods: In 911 HF patients, morning SUCR was determined and body composition scanning using dual X-ray absorptiometry (DEXA) was performed. Univariable and multivariable predictors of log SUCR were analyzed. All participants were divided into quartiles of SUCR. Results: In univariable analysis, SUCR weakly correlated with fat-free mass (R = 0.09, p = 0.01). Stronger correlations were shown between SUCR and loop diuretic dose (R = 0.16, p < 0.0001), NTproBNP (R = −0.15, p < 0.0001) and serum sodium (R = 0.16, p < 0.0001). During 3 years of follow-up, 353 (38.7%) patients died. Patients with lower SUCR were more frequently female, and their functional status was worse. The lowest mortality was observed in the top quartile of SUCR. In the unadjusted Cox regression analysis, the relative risk of death in all three lower quartiles of SUCR was higher by roughly 80% compared to the top SUCR quartile. Apart from lower SUCR, the significant predictors of death were age and malnutrition but not body composition. After adjustment for loop diuretic dose and percent of recommended dose of mineralocorticoid receptor antagonists, the difference in mortality vanished completely. Conclusions: Lower SUCR levels in HF patients are associated with a worse outcome, but this effect is not correlated with fat-free mass. Fluid overload-driven effects may link lower SUCR with higher mortality in HF.
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1. Introduction


The global epidemic of heart failure (HF) has become an increasing medical, social and economic problem of the developed world [1]. Despite advances in therapy, mortality remains unacceptably high, the cost of treatment increases, and patients living with HF still suffer from a profound impairment of quality of life and loss of independence in daily life [2,3].



The main reason for the limited quality of life in HF patients is exercise intolerance—one of the key hallmarks of HF. Dyspnoea and fatigue occurring during effort and, in advanced stages, present even at rest, have a complexed pathophysiology involving both central and peripheral mechanisms [4]. Since the late 1980s, there has been increasing awareness of the role of skeletal muscle pathology in the exercise intolerance of HF. Numerous morphologic, structural, biochemical, and metabolic alterations have already been described [5,6,7,8]. All these abnormalities lead to the reduction of exercise capacity [9,10] and poor prognosis [11]. Thus, the analysis of the quantity and quality of muscles has become an important clinical issue in HF.



Different methods have been proposed for the assessment of skeletal muscle mass and function. The muscle mass and, to some extent, also the structure can be quantified by magnetic resonance, computerized tomography, or dual-energy X-ray absorptiometry (DEXA). However, these techniques are expensive and impractical in clinics, and they do not test the muscle function [12].



Apart from tests measuring muscle strength, there is an increasing interest in easy-to-perform biochemical analyses reflecting both functional and morphological aspects of skeletal muscles. The attempts to use creatine as a marker of muscle mass have a convincing biochemical background and a long history [13]. The availability of ATP to maintain myofilament cross-bridge cycling by myosin ATPase in skeletal muscle is necessary for muscle contraction [14]. Because the intramuscular stores of ATP is small, the phosphocreatine system is needed for fast and effective replenishment of the molecule. After restoring ATP from ADP by phosphocreatine, free creatine, a product of muscular creatine kinase, occurs in the circulation [15]. After conversion to creatinine, the molecule is excreted in urine. Almost 95% of all body creatine is synthesized in the skeletal muscles [16]. Thus, it is believed that in a steady state, the rate of creatinine excretion into urine may serve as a proxy not only of skeletal muscle mass, but also functional integrity [17].



Among biochemical tests based on the urinary excretion of creatinine, the spot urinary creatinine concentration (SUCR) analysis has recently attracted significant attention due to its simplicity and association with prognosis [18,19]. However, neither of studies have analyzed the relationship between SUCR and direct measures of body composition. Morning SUCR is also dependent on the ability of kidneys to adjust diuresis volume and its quality in states of fluid overload, which is impaired in HF and is clinically reflected by the need for higher dosages of loop diuretics and/or multidrug therapy to maintain euvolemia [20]. Therefore, in our study, we tried to establish whether presence of malnutrition in HF, the variation in body composition assessed by DEXA, and the use of higher doses of loop diuretics and aldosterone antagonists independently modify the risk of SUCR-related mortality risk.




2. Methods


2.1. Study Group


Data collected in the Prospective Registry of Heart Failure implemented in our department were used to formulate the final study cohort. All participants were recruited in an outpatient hospital setting from January 2004 to March 2013. All patients in the Prospective Heart Failure Registry were referred to our department as candidates for heart transplantation, so they all underwent several specific procedures. One of them was DEXA scanning, needed as a screening of osteoporosis and sarcopenia. Spot urinary creatinine concentration was also a part of this examination because albuminuria expressed as an albumin-to-creatinine ratio was routinely used in candidate recruitment for heart transplantation.



We selected patients with HF and a reduced left-ventricle ejection fraction (LVEF) ≤ 40%, diagnosed according to criteria published by the European Society of Cardiology, aged >18 years and with HF duration of more than 6 months. They all needed to be on their best-tolerated medical therapy, for whom HF could be confirmed with 1-month precision and with available records concerning body weight before the first diagnosis of HF and minimal weight during HF.



The onset of HF was defined as a month in which medical records prepared by a cardiologist in an outpatient setting demonstrated the coexistence of LVEF ≤ 40% with typical signs and/or symptoms of HF. The maximum unchanged therapy had to be longer than 1 month before the index date. The maximal body weight was defined based on the outpatient medical records as the highest weight within a year, but not later than 2 months before HF diagnosis. On the contrary, the lowest body weight was defined as the minimum body weight when the attending cardiologist did not change diuretics or did not perceive signs and/or symptoms of fluid retention upon clinical examination.



Patients having active infection, liver disease with enzymes levels four times higher than normal, active bleeding, known neoplasm, or who had undergone bariatric surgery or surgery reducing intestinal absorptive capacity were excluded. Of 1168 registered participants, 911 fulfilled the study criteria (Figure 1). Medical records of this study group were reviewed, and comorbidities such as hypertension, diabetes mellitus, and hypercholesterolemia were recognized based on the clinical history, current medication, or actual measurements of the respective variables. A history of smoking was defined as the current or previous use of tobacco products.



One spot-urine sample was collected per person on the index day. Blood samples were drawn in a standardized manner in the morning between 8 and 10 a.m. from patients who had been fasting for at least 8 h and resting in a supine position in a quiet, environmentally controlled room for 30 min. Blood was immediately centrifuged at 4 °C and stored at −75 °C for further analysis. All procedures were undertaken in accordance with the Helsinki Declaration. The protocol was reviewed and accepted by the Ethics Committee of Medical University of Silesia in Katowice (NN-6501-12/I/04). All patients expressed their informed, written consent.



Body mass and height were measured on the index date using a certified scale (Radwag, Poland). Body mass index (BMI) was calculated by dividing weights in kilograms by heights in meters squared. PreHF BMI, min HF BMI, and index BMI corresponding to maximal, minimal, and index weights were defined in this study.



For the diagnosis of malnutrition, the GLIM criteria consist of at least one phenotypic criterion and one etiologic criterion [21]. In the present study, we diagnosed malnutrition based on phenotypic criteria. Weight loss, low preHF BMI, and reduced muscle mass were categorized as phenotypic criteria. PreHF BMI < 20 kg/m2 was defined as low BMI if patients were younger than 70 years, and BMI < 22 kg/m2 was defined as low BMI for those aged 70 years or older. Cut-off points for reduced muscle mass (ASMI < 5.5 kg/m2 for women and <7.26 kg/m2 for men) were used to determine muscle wasting. Since all patients suffered from HF, they had already met one etiologic criterion (disease burden).



The Sonos-5000 Hewlett-Packard Ultrasound Scanner; (Hewlett-Packard, Andover, MA, USA) was used to measure LVEF from the apical four-chamber view and calculate it with the following formula:


LVEF = [(end-diastolic volume − end-systolic volume)/end-diastolic volume] × 100











Body composition analysis was performed with the use of dual X-ray absorptiometry (DEXA) with a pencil-beam Lunar DRX-L device (General Electric, Brussels, Belgium). Compartments of body mass were measured and used in further analyses. Commercially available reagents and automatic methods (Roche Diagnostics, Switzerland) allowed to measure of hemoglobin, serum creatinine, high-sensitivity C-reactive protein, N-terminal pro-brain natriuretic peptide (NTproBNP), and serum sodium. Spot urinary creatinine concentration was measured (SUCR) for each patient. GFR was calculated from the MDRD formula:


eGFRMDRD = 186 × plasma creatinine [mg/dL]−1.154 × age [years]−0.203 × 0.742 (if female)












2.2. Statistical Analysis


Categorical variables are presented as percentages. Quantitative normally distributed data are presented as means and standard deviations, whereas non-normally distributed data are presented as medians and interquartile ranges (IQR). First, an univariable analysis was performed. Then, a multivariable model was built using significantly associated variables with SUCR.



The study group was split into quartiles of SUCR. Groups were compared using Kruskal–Wallis or chi-square tests where appropriate. Kaplan–Meier survival curves for each group were also compared. Cox method was used to estimate the relative risk of death for each group according to SUCR, taking quartile 4 with lowest mortality rate as a reference. Cox models were adjusted in a stepwise manner for relevant confounders, among which were fat-free and fat mass based on DEXA, both indexed to the body surface area, markers of malnutrition, and of indirect markers of higher fluid overload. The statistical significance was set at p = 0.05. Statistical analyses were performed with the use of Statistica 13.3 (Statsoft, Kraków, Poland).





3. Results


In the group of 911 HF patients, the majority were men (85.8%). Most of the patients had HF of ischemic etiology (61.6%; p < 0.0001) and were in NYHA classes II and III (p < 0.0001). The median SUCR was 1.087 g/L (the interquartile range (IQR): 0.573–1.633). The detailed characteristics of the cohort included in the study are shown in Table 1.



3.1. Comparison of Study Groups According to SUCR


A comparison of the SUCR quartiles allowed for the identification of several differences. In quartiles with lower SUCR, there were more females. These patients also had a higher NYHA class and lower blood pressure. They lost more weight since the onset of HF, resulting in a lower index weight. Both total and appendicular fat-free tissue contents were reduced in lower SUCR subgroups. Furthermore, more patients in lower quartiles were malnourished according to the GLIM criteria (Table 1).



Comparison of laboratory results between SUCR quartiles demonstrated reduction of hemoglobin and serum sodium but higher values of NTproBNP in lower quartiles of SUCR. The distribution of comorbidities across quartiles of SUCR was similar with the exception of diabetes, which was more prevalent in patients in lower quartiles of SUCR. There were significant differences in treatment between SUCR quartiles. Patients in lower quartiles were less likely to receive the renin–angiotensin system antagonist, but more likely to be treated with mineralocorticoid antagonists and loop diuretics. The doses of loop diuretics administered to these patients were also higher.



During the 3 years of follow-up, 353 (38.7%) patients died (all-cause) in all cohorts. The risk of death was different in the SUCR groups. All three lower quartiles of SUCR showed pretty similar mortality at 3 years, while in the top quartile of SUCR, the mortality was distinctly lower.



There was only a weak but significant correlation between SUCR and fat-free mass (Figure 2). Numerous parameters correlated with SUCR on univariable analysis; however, only male gender and the presence of malnutrition by GLIM score were significant in multivariate regression analysis (Table 2). All parameters used in multivariable analysis could explain only 6.3% variability of SUCR.



Kaplan–Meier analysis confirmed worse survival in patients with low SUCR in comparison to high SUCR (p = 0.001) (Figure 3).




3.2. The Risk of Death in Unadjusted and Adjusted Analyses


In the unadjusted model, the risk of death in all three lower quartiles of SUCR was roughly 80–90% higher than in top quartile of SUCR (Table 2). After adjustment for age, sex, BMI, weight loss, fat and fat-free tissue content, GLIM score, and LVEF, the risk in these quartiles was still increased by approximately 55% compared to the risk in the top quartile. In this model, significant predictors of death were also age: HR per 10-year increase = 1.30 (95% CI: 1.13–1.49), p = 0.0001; presence of malnutrition by GLIM: HR = 2.30 (95% CI: 1.57–3.36), p < 0.0001; weight loss: HR per 5% increase = 1.08 (95% CI: 1.01–1.15), p = 0.04; and LVEF: HR per 5% higher = 0.88; (95% CI: 0.79–0.97), p = 0.01. Body composition parameters as well as indexBMI were not predictive of the study outcome (Table 3, model 1) (Figure 4).



When we further adjusted our model by loop diuretics dose expressed as an equivalent of furosemide and by the percent of recommended dose of mineralocorticoid antagonists, the risks attributable to lower quartiles of SUCR were largely reduced and became insignificant (Table 3, model 2). The only significant predictors of the study outcome in this model were age: HR per 10-year increment = 1.37 (95% CI: 1.19–1.58, p < 0.0001); loop diuretics dose: HR per 40 mg of furosemide equivalent increase = 1.21 (95% CI: 1.13–1.29, p < 0.0001); and GLIM-based presence of malnutrition: HR = 1.87 (95% CI: 1.27–2.75, p < 0.0001). Neither composition variables, weight loss, or LVEF were predictive of death.



In our final model, we additionally adjusted for log NTproBNP and serum sodium. In this analysis, the risk difference between SUCR quartiles was similar to a previous model (Table 3, model 3), while significant predictors of death were still age: HR per 10-year increment = 1.32 (95% CI: 1.16–1.52, p < 0.0001); the dose of loop diuretics: HF per 40 mg of furosemide equivalent increase 1.15 (95% CI: 1.07–1.24, p = 0.001); and NTproBNP: HF per 1 log increase = 3.07 (95% CI: 2.09–4.52, p < 0.0001); and presence of malnutrition by GLIM: HF = 1.63; (95% CI: 1.10–2.40, p < 0.01).



As there was no clear risk increment in three descending quartiles of SUCR, we attempted to identify the threshold level of SUCR below which the risk is elevated. In ROC analysis, we identified the SUCR level of 1.34 g/L as optimally discriminating the dead from the alive.





4. Discussion


Previous research firmly established that under stable renal function, diet, and physical activity, a 24 h urinary excretion of creatinine may serve as a reliable marker of muscle mass [22] and provide important prognostic information in different clinical scenarios [23,24,25], including HF [26]. However, reliable urine collection is time consuming and may be problematic in patients with severe HF. Thus, spot urinary creatinine concentration has recently attracted attention in HF as a potential easy and inexpensive alternative. The most important observation from our study is the link between low SUCR-related mortality and more advanced congestion.



Only few studies published so far have analyzed the determinants and also the prognostic value of SUCR in HF [18,19,27]. The comparison of these studies is cumbersome as the cohorts recruited vary. The earlier research reported data on patients included in GISSI-HF and BIOSTAT-HF clinical trials in which participants were highly selected based on respective inclusion/exclusion criteria. They recruited HF patients with symptomatic congestion, while therapy used at the date of inclusion was to be optimized later on.



On the contrary, more recent work reported data from our clinical registry, enrolling an unselected “real life” cohort. Compared to previous reports, our patients were 10 years younger on average, with a higher proportion of males; free of congestive symptoms or signs; and on the maximum therapy recommended by guidelines [27].



Despite these dissimilarities and a striking variation in median SUCR, all studies consistently found the association of lower SUCR with more severe symptoms and worse prognosis [18,19,27]. Additionally, two studies reported the association between higher degree of body wasting and lower SUCR [19,27]. In one study, patients in lower SUCR subgroups also had lower appendicular fat-free mass (total fat-free mass was borderline, p = 0.06) [27].



Until now, no studies have directly compared the prognostic value of 24 h urinary excretion of creatinine with SUCR or analyzed body composition markers assessed with reliable techniques as potential determinants of SUCR and adjusted SUCR-related mortality for fat-free content.



Our current report is the first to show that SUCR levels only weakly correlate with fat-free tissue content measured by DEXA, and the prognostic power of low SUCR in HF is independent of this body composition compartment. Additionally, we found a negative correlation between SUCR and the loop diuretic dose necessary to maintain the euvolemic state. This correlation was stronger than between SUCR and fat-free mass. The stronger correlation was also present between SUCR and NTproBNP or serum sodium, both known to reflect sodium and water excess. It is worth noting that SUCR levels also correlated with the percent of recommended dose of the mineralocorticoid antagonist. This finding may be an additional argument suggesting the link between SUCR and tissue congestion because higher dosages of mineralocorticoid antagonists prompt higher natriuresis, thereby allowing maintenance of euvolemia in patients with stronger tendencies to generate congestion [28].



The association of mortality with lower SUCR shown after adjustment for age, gender, BMI, weight loss, body composition, and nutritional markers vanished when we included our surrogate of congestion with the percent of recommended dose of mineralocorticoid antagonist or when excess water, sodium, or both were added to the multivariable model.



These findings suggest that low SUCR cannot serve as a direct marker of muscle wasting. Conversely, lack of a significant association between lower SUCR and mortality after adjustment for loop diuretic dose, percent of recommended mineralocorticoid antagonists, and further for NTproBNP and serum sodium—markers of water and sodium overload—may argue that congestion, even as documented based on surrogate markers, may be a primary, upstream event leading to low SUCR.



Such a hypothesis would explain why in all studies, lower SUCR levels aggregated with more severe HF symptoms, more body wasting, and worse outcomes. Numerous studies published to date have convincingly linked congestion with more advanced symptoms, malnutrition, body wasting, and worse outcomes [29,30,31].



The SUCR level does not directly reflect the urinary creatinine excretion rate. It represents a dynamic balance between the production, absorption, and breakdown of creatine from which creatinine originates, as well as the ability of the kidney to excrete creatinine and to dilute or concentrate the final urine. Each of these processes can by modified by the presence of congestion and by treatment.



Approximately 50% of the daily requirement for creatine necessary to synthesize of phosphocreatine and maintain energetic metabolism is endogenously synthesized in the liver, while remaining part comes from the diet [32]. Thus, in liver and gut congestion, creatine production or dietary supply and absorption from the gut may be impaired, reducing the creatinine pool for excretion. Thus, in systemic congestion, many factors may work to lower the SUCR level.



Data from previous studies support this hypothesis. The higher congestion burden was reported in these studies; the lower were medians of SUCR. Congestive signs and symptoms were seen in 79.6% of patients in BIOSTAT-HF and in 33.1% of participants in GISSI-HF. Patients participating in our previous and current study were free of congestion [27]. The respective medians of SUCR were 0.588 g/L, 0.8 g/L, 1.04 g/L, and 1.09 g/L [18,19,27]. As creatinine is produced mainly in muscles [33], one may argue that a higher SUCR in two more recent studies may be related to a higher fat-free tissue content due to the fat-free tissue content because the study group is 10 years older. However, it is unlikely to be true because longitudinal observations show that the loss of skeletal muscle mass during the 10 years was <10% [34]. We feel that even slightly higher proportions of men—and hence, potentially higher production of creatinine in our cohorts—does not fully explain the 20–40% difference of the medians of SUCR.



In normal subjects, SUCR levels vary, mainly due to the specific gravity of urine and urine volume flow [35]. The specific urine gravity is the measure of a kidney’s ability to adjust urine volume through concentration or dilution to maintain normal fluid volume and osmolality. Neither of the studies have measured urine gravity specifically.



There are numerous clinical scenarios in which kidneys may produce lower-gravity urine, and hence, lower SUCR with elevated volumes. Patients with systemic congestion have a rostral fluid shift in the supine position, thus promoting the increased nighttime production of lower-gravity urine [36]. In fact, nocturia is common in HF, linked to volume overload, breathing abnormalities, worse functional status, and elevated natriuretic peptides [37,38]. Even in the community-dwelling population, increased levels of NTproBNP—an indicator of elevated volume stress on the heart—have recently been shown to raise the risk of nocturia as high as 3–7 times [39]. In fact, our study showed a negative correlation between NTproBNP and SUCR. The higher volumes of low-gravity urine can also be produced in patients with an elevated osmotic load due to diabetes, when the osmotic load per nephron is increased as in cases of reduced kidney function, and in patients receiving higher dosages of diuretics [40,41].



In all reports concerning SUCR levels in HF, patients with lower SUCR were more likely to have a clinical situation that promoted the production of less-concentrated urine with higher volumes. Patients with lower SUCR had more evident features of congestion (in GISSI-HF and BIOSTAT-HF), had higher natriuretic peptides, had worse kidney function, received more diuretics, and more frequently had diabetes [18,19,27]. Therefore, it is quite possible that these factors contributed significantly to a lower SUCR.



In older reports, significant negative predictors of SUCR were symptoms and signs of clinical congestion, again arguing for low SUCR as a marker of uncorrected or unrecognized congestion rather than as a marker of lower skeletal muscle mass.




5. Limitations


Our study has several important limitations. The retrospective nature of study precludes any inference on causality. We did not assess appetite and diet in our patients, so we cannot exclude differences of these factors as significant contributors to low SUCR. No evaluation of muscle function is also a limitation. Neither direct measurement of urine-specific gravity nor urine volumes, particularly voided during urine sampling for analysis, were available; therefore, higher volumes with lower gravity assumed as a potential reason for lower SUCR levels cannot be indisputably confirmed. Important information on loop diuretics dosage timing was also lacking.




6. Conclusions


Our data show that lower SUCR levels in HF patients are associated with worse outcomes. Contrary to expectations, however, lower SUCR was not correlated with fat-free mass. Fluid overload-driven effects may link lower SUCR with higher mortality in HF, and this tempting hypothesis warrants further studies. If confirmed in future research, this cheap and easy obtainable marker could be added to the arsenal of measures useful for the monitoring of congestion relief in everyday clinical practice.



From a clinical standpoint, the key innovation of the study is that in the case of a low SUCR value, clinicians should take into account a presence of undiagnosed and/or uncorrected congestion as an underlying factor. Our data suggest that low SUCR may be a marker of congestion beyond the standard parameters assessed so far. From a scientific point of view, the study justifies further research on the relative value of SUCR versus other markers of congestion.
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Abbreviations




	ICM
	Ischemic etiology of HF



	NYHA
	New York Heart Association class



	MVO2
	Maximum oxygen consumption on symptom-limited treadmill test



	LVEF
	Left ventricular ejection fraction



	ASMI
	Appendicular Skeletal Muscle Index



	NTproBNP
	N-terminal fragment of brain-type natriuretic peptide



	eGFRMDRD
	Estimated glomerular filtration rate calculated with the use of Modification of Diet in Renal Disease formula



	hsCRP
	High-sensitive C-reactive protein



	GLIM
	The Global Leadership Initiative on Malnutrition



	ACEI/ARB
	Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers



	BB
	Beta blockers



	MRA
	Mineralocorticoid receptor antagonist
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Figure 1. A flowchart of the final cohort. 
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Figure 2. Correlation between fat-free mass and SUCR (log-transformed values). 
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Figure 3. Kaplan–Maier survival probability up to 3 years according to quartiles of SUCR. 
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Figure 4. Adjusted hazard ratios (model 1) for death (all-cause) during 3 years of follow-up with quartile 4 of SUCR as a reference. 
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Table 1. Clinical and laboratory characteristics of all patients and subgroups after splitting into quartiles of spot urinary creatinine (means ± SD, medians, IQR).
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Quartiles of Spot Urinary Creatinine [g/L]




	
Feature

	
All

n = 911

	
Q1

n = 227

(0.050–0.573)

	
Q2

n = 228

(0.573–1.087)

	
Q3

n = 228

(1.087–1.633)

	
Q4

n = 228

(1.633–5.058)

	
p Value






	
Baseline Demographics and Functional Tests

	




	
Age (years)

	
52.9 ± 11

	
52.4 ± 11

	
52.6 ± 11

	
53.4 ± 11

	
53.1 ± 9

	
0.74




	
Males (%)

	
86

	
81

	
82

	
87

	
93

	
<0.0001




	
HF etiology–ICM (%)

	
62

	
62

	
58

	
64

	
62

	
0.65




	
NYHA class

	
2.6 ± 0.8

	
2.8 ± 0.8

	
2.8 ± 0.8

	
2.5 ± 0.8

	
2.4 ± 0.7

	
<0.0001




	
NYHA class I/II/III/IV (%)

	
6/37/48/9

	
6/25/55/14

	
5/29/51/14

	
7/40/43/9

	
10/46/41/3

	
<0.0001




	
Duration of HF (months)

	
34.4 (14–70)

	
27 (12–66)

	
41 (14–77)

	
34 (13–68)

	
39 (15–39)

	
0.22




	
Systolic BP (mmHg)

	
109 ± 16

	
107 ± 16

	
106 ± 16

	
111 ± 17

	
110 ± 16

	
0.002




	
Heart rate (beat per minute)

	
82 ± 15

	
81 ± 14

	
81 ± 13

	
82 ± 16

	
83 ±15

	
0.57




	
MVO2 (mL/kg min)

	
15.0 (12.2–18.4)

	
14.9 (11.9–18.6)

	
14.7 (11.9–18.6)

	
14.7 (12.3–17.9)

	
15.3 (12.6–18.6)

	
0.60




	
LVEF (%)

	
25 ± 8

	
25 ± 8

	
25 ± 9

	
26 ± 9

	
26 ± 8

	
0.50




	
Anthropometrics and Body Composition

	




	
PreHF BMI (kg/m2)

	
28.2 ± 4.6

	
28.0 ± 4.7

	
28.0 ± 4.6

	
28.3 ± 4.8

	
28.5 ± 4.3

	
0.59




	
IndexBMI (kg/m2)

	
26.3 ± 4.5

	
25.4 ± 4.2

	
25.7 ± 4.4

	
26.8 ± 1.9

	
27.4 ± 4.2

	
<0.0001




	
Weight loss from preHF BMI until index BMI (%)

	
11.0; (4.9–17.6)

	
13.8; (6.7–19.4)

	
11.2; (5.5–18.6)

	
9.2; (3.5–16.5)

	
9.0; (3.1–14.6)

	
<0.0001




	
Fat mass (kg/m2)

	
7.2; (5.6–9.0)

	
6.9; (5.0–8.7)

	
7.2; (5.7–8.8)

	
7.3; (6.0–9.1)

	
7.6; (5.8–9.3)

	
0.06




	
Fat-free mass (kg/m2)

	
17.7; (16.0–19.4)

	
17.4; (15.7–19.1)

	
17.5; (15.5–19.4)

	
17.6; (16.2–19.2)

	
18.3; (16.8–19.9)

	
0.0002




	
Laboratory Tests

	




	
Hemoglobin (mmol/L)

	
8.7 ± 1.1

	
8.6 ± 1.1

	
8.8 ± 1.0

	
8.6 ± 1.1

	
8.8 ± 1.0

	
0.04




	
NTproBNP (pg/mL)

	
1375; (647–3069)

	
1598; (805–3690)

	
1644; (693–3477)

	
1356; (638–2982)

	
1081; (447–2293)

	
0.008




	
eGFRMDRD (mL/min × 1.73 m2)

	
86; (55–105)

	
83; (63–106)

	
88; (65–1053)

	
88; (70–107)

	
83; (66–101)

	
0.52




	
eGFRMDRD < 60 mL/min × 1.73 m2 (%)

	
22.2

	
21.1

	
21.9

	
14.9

	
15.3

	
<0.05




	
Sodium (mmol/L)

	
134; (136–138)

	
136; (133–138)

	
136; (134–138)

	
136; (134–138)

	
135; (138–139)

	
<0.001




	
hCRP (mg/dL)

	
2.8; (1.2–6.6)

	
3.1; (1.4–7.1)

	
2.5; (1.3–5.8)

	
2.8; (1.2–7.0)

	
2.7; (1.1–6.5)

	
0.39




	
GLIM (malnutrition) (%)

	
51.1

	
63.4

	
61.4

	
44.3

	
35.5

	
<0.001




	
Spot urinary creatinine concentration (g/L)

	
1.087

	
0.331

	
0.822

	
1.374

	
2.085

	
<0.001




	
Comorbidities

	




	
Hypertension (%)

	
54.4

	
53.7

	
54.4

	
59.2

	
50.4

	
0.31




	
Diabetes mellitus type 2 (%)

	
29.4

	
29.1

	
36.8

	
27.2

	
24.6

	
0.03




	
Hypercholesterolemia (%)

	
59.9

	
59.9

	
60.1

	
61.8

	
57.9

	
0.86




	
Hypertriglyceridemia (%)

	
42.9

	
44.0

	
43.0

	
40.3

	
44.3

	
0.82




	
History of smoking (%)

	
73.4

	
72.7

	
71.0

	
70.6

	
79.4

	
0.12




	
Therapy

	




	
ACEI/ARB (% treated)

	
93.1

	
91.2

	
92.5

	
94.7

	
93.9

	
0.003




	
ACEI/ARB (% of recommended dose)

	
50; (25–100)

	
50; (20–100)

	
50; (20–100)

	
50; (25–100)

	
50; (25–100)

	
0.33




	
BB (% treated)

	
97.3

	
97.8

	
96.0

	
97.4

	
97.8

	
0.625




	
BB (% target of recommended dose)

	
33; (25–67)

	
43; (25–67)

	
33; (25–67)

	
33; (25–67)

	
33; (33–67)

	
0.142




	
MRA (% treated)

	
92.2

	
92.5

	
96.0

	
93.0

	
86.8

	
0.003




	
MRA (% of recommended dose)

	
100; (100–200)

	
100; (100–200)

	
100; (100–200)

	
100; (50–100)

	
100; (100–100)

	
0.09




	
Loop diuretics (% treated)

	
87.0

	
90.7

	
86.4

	
88.2

	
82.9

	
0.08




	
Loop diuretics (mg of furosemide equivalent)

	
93.6 ± 75.9

	
105.1 ± 91.5

	
94.1 ± 70.8

	
97.4 ± 98.9

	
74.3 ± 61.7

	
<0.001




	
Outcome




	
All-cause mortality at 3 years

	
38.7

	
45.0

	
44.5

	
38.7

	
26.7

	
<0.001
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Table 2. The univariable and multivariable association of log SUCR.
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Parameter

	
Univariable

	
Multivariable




	
Standard β

	
p-Value

	
Standard β

	
p-Value






	
Gender

	
−0.08

	
0.02

	
0.10

	
0.04




	
NYHA

	
−0.18

	
0.0001

	

	




	
Systolic BP

	
0.11

	
0.001

	

	




	
BMI

	
0.15

	
<0.0001

	

	




	
Weight loss

	
−0.15

	
<0.0001

	

	




	
Log fat tissue

	
0.09

	
0.01

	

	




	
Log fat-free tissue

	
0.09

	
0.01

	

	




	
Sodium

	
0.19

	
<0.0001

	

	




	
NTproBNP

	
−0.15

	
<0.0001

	

	




	
GLIM

	
−0.21

	
<0.0001

	
−0.13

	
0.02




	
Loop diuretics dose

	
−0.14

	
0.0001

	

	




	
MRA percent recommended dose

	
0.07

	
0.03
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Table 3. The relative risk of death for any reason during follow-up–multivariable models.
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Quartiles of SUCR




	
Feature

	
Q4 Ref.

	
Q3

	
Q2

	
Q1






	

	
3-year mortality risk Cox regression analysis




	

	
Hazard ratio ± 95% CI, p-value




	
Raw model

	
1.0

	
1.87; (1.23–2.85),

p = 0.003

	
1.80: (1.18–2.74),

p = 0.006

	
1.82; (1.20–2.78),

p = 0.005




	
Model 1.

adjusted for age, gender, BMI, weight loss, log fat tissue, log fat-free tissue, GLIM score, LVEF

	
1.0

	
1.58; (1.03–2.42),

p = 0.02

	
1.47; (0.95–2.26),

p = 0.08

	
1.66; (1.08–2.56),

p = 0.03




	
Model 2 = model 1 + log loop diuretics dose

+ percent recommended dose of MRA

	
1.0

	
1.36; (0.87–2.12),

p = 0.18

	
1.32; (0.85–2.05),

p = 0.21

	
1.33; (0.85–2.08),

p = 0.21




	
Model 3 = model 1 + log loop diuretics dose

+ percent recommended dose of MRA + serum sodium + log NTproBNP

	
1.0

	
1.34; (0.86–2.09),

p = 0.20

	
1.27; (0.82–1.98).

p = 0.29

	
1.20; (0.76–1.89),

p = 0.43
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