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Creatinine, as Abiochemical Compound with Dual 
Meaning in Human Being 
 In human beings, Creatinine (Cr) is an interesting biochemical 
compound produced in skeletal muscles and eliminated through the 
kidneys. More precisely, creatinine is a byproduct of skeletal muscle 
metabolism produced from creatine at a constant rate and clearedby 
kidneys mainly through glomerular filtration [1-3]. At any time, 
circulating concentration levels results fromthe creatinine generation 
rate over glomerular filtration rate ratio as shown in figure 1 [4]. 
Serum creatinine is part of laboratory biomarkers that are widely 
tested benefiting from precise international standards guidelines [5,6]. 
In clinical routine, SCr concentration is used to assess glomerular 
filtration rate and quantify kidney function level [7]. To this purpose, 
SCr is converted to an equivalent glomerular filtration rate using 
validated formulas integrating age, gender, ethnic and anthropometric 
data [8-11]. Chronic kidney disease may be thencharacterizedovertime 
byadecline in glomerular filtration rate and a proportional increase of 
SCr [12,13].

 As complementary tool, creatinine mass balance (urinary 
excretion) or creatinine kinetic modeling (dialysis) may be used to 
calculate Creatinine Generation Rate (CGR) to estimate lean body 
mass and more precisely skeletal muscle mass turnover [4,14]. For 
that purpose, daily urinary creatinine mass output is requiredas 
constituting the main contributor to Creatinine Generation Rate 
(CGR). Contribution of gut metabolism and dietary protein intake 
(i.e., meat) to CGR may be then estimated from empirical equations 
[4]. In that perspective, CGR offers an easy and reliable biomarker 
for assessing individual’s muscle mass, nutritional status and physical 
activities in several clinical settings includes Chronic Kidney Disease 
(CKD) patients as shown in figure 2.

Simplified Creatinine Index, a Simple Tool for 
Quantifying Skeletal Muscle Mass Changes in Di-
alysis Patients
 In hemodialysis patients, the situation is more complex because  
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Abstract
 Simplified Creatinine Index (SCI) based on readily available 
parameters (i.e., patients’ demographics, single-pool Kt/V and pre-
HD Serum Creatinine) has been developed. The predictive value of 
SCI as a marker of sarcopenia on patient outcomes was examined 
in a large international dataset (MONDO initiative) and recently 
reported. The SCI was shown to be a reliable and inexpensive marker 
of muscle metabolism. SCI was associated with age, gender and 
patient phenotype. SCI declined with ageing faster in male patients. 
In addition, SCI was strongly associated with HD patient outcomes 
and declines 5-7 months prior to death. Prognostic value of SCI 
compares with albumin, but with the advantage that its computation 
is typically collected monthly. SCI is a simple, easily obtainable, cost-
effective and clinically relevant surrogate marker of muscle mass in 
HD patients that deserves to be closely monitored to detect early 
changes in nutritional and physical activity of HD patients.

Figure 1: Plasma creatinine concentration as the ratio of creatinine gener-
ation rate over creatine elimination rate.
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urinary creatinine excretion has disappeared in most patients. SCr 
levels fluctuate according to the intermittent nature of dialysis 
treatment and are inversely related to dialysis efficacy [15,16]. 
Regardless of these limitations, higher predialysis SCr levels have 
been associated with a reduced risk of mortality, clearly indicating its 
predominant role as a nutritional marker in dialysis patients. Several 
Creatinine Kinetic Models (CKMs) have been developed to calculate 
the creatinine appearance rate from which the creatinine index 
(expressed in units of mg/kg/day) was deducedand further used to 
estimate the lean body mass (in kg) [15-17]. However, CKM requires 
measurements of postdialysis SCr and rather complex mathematical 
algorithms. To solve these issues, a simplified creatinine index (SCI) 
based on readily available parameters patients’ demographics, single-
pool Kt/V and predialysis SCr was developed [18]. Rationale of SCI 
development is presented in figure 3. Several recent retrospective and 
prospective cohort studies demonstrated a high predictive value of 
SCI on HD patient outcomes [19,20].

Outlining Main Features and Findings of the MON-
DO Study
 In the current referred work, we assessed the reliability and 
reproducibility of the Simplified Creatinine Index (SCI) in a large 
population-based study, as a surrogate marker of Muscle Mass (MM)  

and explored its association with hemodialysis patient’s phenotype, 
dynamics before death and predictive value on outcome [21]. In 
addition, we compared estimated Lean Tissue Index (LTI) from SCI 
to that one measured by Multifrequency Bioimpedance (MF-BIA).

 The complete data set of the international MONDO initiative 
consortium was used for the analysis. All in-centre HD patients from 
16 European countries with at least one SCI. We included 23495 
hemodialysis patients from which 3662 were incident. The baseline 
period was defined as 30 days before and after the first multi frequency 
Bioimpedance Spectroscopy (MF-BCM) measurement and the 
subsequent 7years constituted the follow-up. SCI was calculated by 
the previously reported equation [18]. Multivariate Cox proportional 
hazards models were applied to assess the association of SCI with all-
cause mortality. Using backward analysis, we explored the trends of 
SCI before death. Bland-Altman analysis was performed to analyze 
the agreement between estimated from SCI and measured lean tissue 
index from MF-BCM. Spline analyses were also used to assess the 
impact of lean tissue mass changes either from estimated (SCI) or 
measured (MF-BCM) on patient outcomes.

Schematically, the Main Findings were as Follows 
• Across all age strata SCI were higher in males than females. The 

highest SCI was observed in males 18-29 years of age. In both 
sexes, SCI levels decreased with age, with the lowest SCI in 
patients >80 years of age.

• Higher SCI was associated with a lower risk of mortality 
[unadjusted hazard ratio 0.81 (95% confidence interval 0.79-
0.82); adjusted HR 0.90 (95% CI 0.86-0.93)]. In addition, BMI 
[unadjusted HR 0.97 (95% CI 0.96-0.98); adjusted HR 0.98 (95% 
CI 0.97-0.99)] and serum albumin [unadjusted HR 0.30 (95% CI 
0.28-0.33); adjusted HR 0.49 (95% CI 0.44-0.55)] were associated 
with lower risk of all-cause mortality.

• SCI decline accelerated ≈5-7 months before death and was more 
pronounced in males. Similar observations were seen in patients 
with vintages <12 and >18 months, with normohydrated and 
overhydrated status.

• Lean Tissue Index (LTI) estimated by SCI was correlated with 
measured LTI in both sexes (males: R2 1⁄4 0.94; females: R2 
1⁄4 0.92; both P<0.001). Bland-Altman analysis showed that 
measured LTI was 4.71kg/m2 (±2 SD: -12.54-3.13) lower than 
estimated LTI.

• Cubic spline analyses showed that higher SCI (>20.5mg/kg/
day), measured LTI (>12.8kg/m2) and estimated LTI (>16.1kg/
m2) values were associated with lower risk of mortality in the 
unadjusted and adjusted models.

 Our study developed in a large international population showed 
that SCI is strongly associated with clinically relevant outcomes.SCI 
tends to be higher in male and younger HD dialysis patients. We also 
observed that a higher SCI was associated with a survival benefit in 
both males and females. In patients who died, SCI declined months 
before death in both male and female patients. 

 From the current study, we observed that LTI derived from SCI 
and MF-BIS were strongly related, the former tended to generally 
overestimate LTI as compared with the measured method.

Figure 2: Correlation of lean body mass as function of urinary creatinine 
excretion.

Figure 3: Rationable of the simplified creatinine index formula.
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 Considering SCI differences noted in patients between 18 and 
29 years and >80 years of age, one can estimate an active muscle 
mass decrease of ~27% in males and ~26% in females. This value 
exceeds by about the 20% decrease in active muscle mass reported 
in a healthy sex- and age-matched population [4]. In addition, the 
lower SCI observed in older patients supports the notion that muscle 
mass is much lower in HD patients compared with a healthy, age-
matched population. The decrease in SCI most likely shows a loss 
of ‘active’muscle mass and a slowdown of muscle metabolism 
turnover, indicating poor physical performance, low appetite and high 
prevalence of inflammation, particularly in older dialysis patients.

 The rapid decline of SCI ≈6 months before death suggests that 
muscle wasting is triggered by catabolic factors and accelerated ageing 
processes noted in uremia and, possibly, precipitated by reduced 
physical activity, diet protein and caloric intake, muscle synthesis and 
deconditioning. The finding supports the hypothesis that SCI can be 
viewed as a skeletal muscle nutritional surrogate in dialysis patients 
providing to clinicians a useful indicator of malnutrition.

Conclusion and Perspectives
 Considering the relatively high prevalence [22,23] and the poor 
outcome associated with protein energy malnutrition in dialysis 
patients, it is of upmost importance to detect and work on this high-
risk condition as earlier as possible [24,25]. In this context, most of 
markers, including serum albumin, tend to decline or worsen relatively 
late, taking several weeks before being reduced, in the course of 
disease [26-29]. Therefore, we suggest that monthly monitoring 
of SCI, as part of routine baseline dialysis patient monitoring, 
will offer a new and cost-effective tool to detect earlier nutritional 
status deterioration. SCI used as a surrogate marker of active MM 
would facilitate in that cases detection of sarcopenia trends, offering 
opportunities to implement interventions that might delay, and halt or 
even reverse such deleterious dynamics.

 To that end, SCI can be easily integrated and used as a first line 
tool in complement to visceral proteins (i.e., albumin) to monitor 
muscle mass changes in clinical routine. More cumbersome or costly 
methods aiming to assess more precisely body composition (LBM/
FTM) based on Bioimpedance (BIA) [30], imaging techniques 
[31-33], quantization of muscle strength [34] or physical activity 
[35], would be considered then as a second line of nutritional tool 
assessment.
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