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Abstract  
Serum creatinine levels are widely recognized as the primary clinical marker for estimating renal function, 
specifically the glomerular filtration rate (GFR), due to their simplicity, rapidity, and cost-effectiveness. 
However, the use of creatinine as a sole indicator has notable limitations, as its levels can be significantly 
influenced by various factors including advanced age, physical activity, protein-rich diets, male gender, certain 
medications, and ethnicity. As an alternative, serum cystatin C has emerged as a potential adjunct to serum 
creatinine measurements, as it is less affected by these confounding variables. Creatinine is predominantly 
synthesized in muscle tissue, making it a useful biomarker for assessing lean body mass within body 
composition. This aspect is particularly important for evaluating and monitoring nutritional status in patients 
with chronic kidney disease (CKD), where maintaining an appropriate body composition is crucial for overall 
health outcomes. This review aims to synthesize existing literature on creatinine metabolism and its application 
in clinical practice, highlighting both its advantages and disadvantages in assessing renal function. Furthermore, 
it emphasizes the importance of considering individual variability in creatinine generation rates when evaluating 
GFR. By providing a comprehensive overview of the role of creatinine in renal assessment and its utility in 
measuring lean body mass, this article seeks to enhance understanding and inform clinical decision-making 
regarding kidney health and nutritional status in patients with CKD. 
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Introduction 

Creatinine (Cr) was first identified by the French 
chemist Michel Eugene Chevreul in 1832 during 
his studies on the composition of skeletal muscle. 
The term "creatinine" is derived from the Greek 
word kreas, which translates to meat. Chemically, 
creatinine is recognized as α-methyl 
guanidinoacetic acid, appearing as white crystalline 
particles in its pure form, with a molecular weight 
of 113.1 Daltons.  

In aqueous solutions, it functions as a cation. 
Creatinine is continuously produced in the body as 
a result of normal muscle metabolism, specifically 
as the end product of creatine (Crn) and 
phosphocreatine (PCrn) metabolism, alongside 
contributions from dietary protein intake. Its 
elimination occurs through both extrarenal 
degradation and urinary excretion. Serum 
creatinine concentration is the most commonly 
utilized clinical biomarker for estimating 
glomerular filtration rate (GFR). This widespread 
application stems from the established correlation 

between serum creatinine levels and direct GFR 
measurements, such as those obtained through 
inulin clearance, which is considered the gold 
standard for renal function assessment. The 
accessibility, technical simplicity, and low cost 
associated with creatinine measurement further 
enhance its role in routine clinical evaluations of 
renal function.  

However, despite these advantages, creatinine has 
notable limitations as a GFR marker. Conventional 
quantification methods, particularly those relying 
on chemical reactions like the Jaffé method, can be 
imprecise due to potential interference from other 
substances. Certain medications—including 
cimetidine, trimethoprim and abemaciclib—can 
inhibit tubular secretion of creatinine, artificially 
elevating serum levels and leading to inaccurate 
GFR estimations. Additionally, serum creatinine 
concentrations are influenced by factors such as 
muscle mass, dietary protein intake, and creatine 
supplementation, with levels typically decreasing 
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with age and being lower in females and 
individuals of White ethnicity. In chronic kidney 
disease (CKD) patients, assessing lean body mass 
(LBM) is crucial for monitoring nutritional status. 
While methods like Bioimpedance Analysis (BIA) 
and Dual-Energy X-ray Absorptiometry (DEXA) 
[1] provide valuable insights into body 
composition, their complexity and cost limit their 
availability in many clinical settings. Consequently, 
the creatinine index (CI) or creatinine kinetics have 
emerged as alternative markers for estimating 
LBM. This review aims to elucidate creatinine 
metabolism, the various factors influencing its 
serum concentration, and the critical considerations 
necessary for interpreting creatinine levels as 
indicators of GFR and muscle mass in both healthy 
individuals and CKD patients. 

Synthesis of Creatinine  

Cr is distributed through total body water (TBW). 
Serum Cr is formed through a spontaneous non-
enzymatic anhydration of Crn in muscle cells.  

This conversion of Crn to Creatine is influenced by 
pH and temperature; this process is carried out at a 
constant rate (1% of body Crn and 2.6% of PCrn 
per day is changed to Cr). [2] 

 pH level determines the degradation of Creatinine. 
A pH above 12.1 favors the deprotonation of the 
acid group, which hinders the intramolecular 
cyclization to form Cr. Conversely, when the pH is 
below 2.5, the amide functional group of the Crn 
molecule is protonated, also preventing 
intramolecular cyclization, as shown in Figure 1. 

 

 
Figure 1: Explanation of the Equilibrium: (the figure depicts the effects of pH in stability of Creatinine) 
Creatine (pH > 12.1): Under basic conditions, Creatine exists in a deprotonated form, as shown on the 

left. 
 
Creatinine: Creatinine is formed from Creatine 
through the loss of a water molecule (- H₂O). This 
is a cyclization reaction. 

Creatine (pH < 2.5): Under acidic conditions, 
Creatine exists in a protonated form, as shown on 
the right. 

Reversible Reaction: The interconversion between 
Creatine and Creatinine is reversible and depends 
on the pH and the presence or absence of water. 

Sources from where Creatine is obtained:  

Creatine (Crn) homeostasis is maintained through 
both exogenous and endogenous pathways.  

Approximately 50% of the total creatine pool is 
derived exogenously, primarily from dietary 
sources, including creatine phosphate (PCr) and 
supplemental Crn. [3] the remaining 50% 
originates endogenously through synthesis in 
muscle tissue and the recycling of Cr and PCr. The 
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metabolic precursors for endogenous synthesis are 
glycine and arginine. A small fraction, estimated at 
2%, of total Cr is converted to creatinine. Serum 
creatinine (SCr) is predominantly eliminated via 

renal route, with over 80% undergoing glomerular 
filtration and tubular secretion. [3,4] The remaining 
20% is catabolized by the gut microbiota via 
pathways detailed in Figure 2. 

  

 
Figure 2: Sources of Creatinine 

  
Creatine from External agents   

Creatine obtained from food sources: [4] Creatine is mostly obtained from food sources. The main sources 
from which creatine is obtained is tabulated below.  
 

Table 1: Creatine content in some food  
Food Type Creatine Content (g/kg) 
Herring 8.0 
Red Meats 5.0 
Pork 5.0 
Liver 4.5 
Salmon 4.5 
Tuna 4.0 
Chicken 4.0 
Rabbit 3.5 
Cod 3.0 
Soy 2.0 
 
Creatine from cooked meat  

The cooking process transforms a portion of 
creatinine precursors in meat into creatinine. 
Studies have shown that consuming cooked meat 
(225-500 g) significantly elevates serum creatinine 
(SCr) levels.  

For instance, SCr increased by 20.5 mmol/L within 
1-2 hours and by 18.5 mmol/L between 3-4 hours 
postprandially. [5] This rise in SCr leads to a 
decrease in estimated glomerular filtration rate 
(eGFR), potentially causing misclassification of 
chronic kidney disease if measurements are taken 

after such meals. Additionally, vegans and 
vegetarians have lower muscle creatinine stores due 
to reduced dietary intake, which can be mitigated 
with supplementation. [6] 

Use of Creatine as supplement to enhance 
performance  

Creatine (Crn) is a widely utilized ergogenic 
dietary supplement, particularly among athletes, for 
enhancing strength and performance. The most 
extensively studied form, creatine monohydrate, 
has been shown to be beneficial in high-intensity 
activities such as weightlifting and cycling. 
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Supplementation with Crn has been associated with 
improved post-exercise recovery, including 
enhanced injury prevention and rehabilitation, as 
well as neuroprotective effects in animal models 
following concussions. [3,4] Additionally, Crn has 
been explored for its potential therapeutic 
applications in neurodegenerative diseases like 
muscular dystrophy, Parkinson's disease, and 
Huntington's disease, as well as in conditions such 
as diabetes, osteoarthritis, fibromyalgia, and 
depression. [7,8] Research across various age 
groups has demonstrated that Crn supplementation, 
typically at doses of 0.3 to 0.8 g/kg/day for up to 
five years8, does not pose significant health risks. 
Instead, it may offer several benefits for both 
general health and physical performance. Notably, 
studies have shown that Crn supplementation can 
effectively improve muscle creatine reserves in 
vegetarians, leading to increased fat-free mass, 
maximal strength, and type II muscle fiber area 

compared to those on an omnivorous diet. Overall, 
creatine supplementation is recognized as a safe 
and effective strategy for enhancing athletic 
performance and supporting broader health 
outcomes. 

How Creatine can be produced endogenously?  

The endogenous synthesis of creatine (Crn) is 
initiated primarily in the kidneys through a two-
step biochemical pathway. The first step involves 
the transfer of an amidino group from arginine 
(Arg) to glycine (Gly), resulting in the formation of 
L-ornithine and guanidinoacetic acid (GAA). This 
reaction is catalyzed by the enzyme L-
arginine:glycine amidinotransferase (AGAT). 
Subsequently, the second step entails the 
methylation of guanidinoacetic acid by 
guanidinoacetate N-methyltransferase (GAMT), 
utilizing S-adenosylmethionine (SAM) as the 
methyl donor, thereby yielding creatine. 

 

Fig: 3 Steps depicting endogenous production of Creatinine 
 
Creatine (Cr) is primarily synthesized in the liver 
through the methylation of glycocyamine 
(guanidinoacetate), a process catalyzed by S-
adenosyl methionine, with glycocyamine itself 
derived from arginine and glycine in the kidneys 
[6]. This Cr is subsequently transported into the 
bloodstream via a sodium- and chloride-dependent 
creatine transporter (SLC6A8) and distributed to 
tissues, with skeletal muscle storing approximately 
98% of total body Cr reserves. The highest 
concentrations of Cr and its phosphorylated form, 
phosphocreatine (PCr), are observed in tissues with 
high energy demands, including fast-twitch skeletal 
muscle fibers, cardiomyocytes, spermatozoa, and 
retinal photoreceptor cells. [9] 

In fast-twitch skeletal muscles, PCr serves as a 
critical energy reservoir, enabling rapid 
regeneration of adenosine triphosphate (ATP) 
through the creatine kinase (CK)-catalyzed 
transphosphorylation reaction during intense 

anaerobic activity. Systemic distribution of Cr 
occurs via vascular circulation, followed by cellular 
uptake through active transport mechanisms 
mediated by the SLC6A8 transporter [10]  

The Cr/PCr system is essential for maintaining 
ATP homeostasis in energetically demanding cell 
types such as myocytes, cardiomyocytes, 
hepatocytes, enterocytes, cochlear hair cells, renal 
tubular cells, and male gametes. [11] 

The CK enzyme facilitates the reversible transfer of 
a high-energy phosphate group between ATP and 
Cr, as shown in the reaction: 

Cr+ATP       -------        PCr+ADP+H+ 

                        CK                      

This biochemical pathway enables both ATP 
buffering during acute energy demands and 
intracellular energy shuttling through the 
phosphocreatine circuit. Mitochondrial CK 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Baishya et al.                                    International Journal of Current Pharmaceutical Review and Research  

531   

isoforms regenerate PCr using ATP derived from 
oxidative phosphorylation, while cytosolic CK 

isoforms coupled to ATPases facilitate localized 
ATP replenishment at sites of consumption. [2,11] 

 

 
Figure 4: Reversible biochemical pathway of phosphocreatinine 

 
The Metabolic pool of Creatinine: [13]  

In patients with chronic kidney disease (CKD) 
undergoing hemodialysis (HD), the creatinine (Cr) 
metabolic pool demonstrates distinct dynamics 
characterized by a total pool of 27.27 mmol, with 
an endogenous synthesis rate of 10.17 mmol/day 
and exogenous appearance of 8.39 mmol/day from 
dietary sources. Non-enzymatic degradation of Cr 
occurs at 1.79 mmol/day, primarily through 
conversion to creatinine (Crn) via spontaneous 
cyclization and gut microbiota-mediated 
metabolism.  

Creatinine (Cr), a low-molecular-weight (113 Da) 
zwitterionic metabolite, undergoes renal 
elimination primarily through glomerular 
ultrafiltration, facilitated by its minimal plasma 
protein binding (<10%) and high aqueous 
solubility. The glomerular filtration barrier—
composed of fenestrated endothelial cells, the size-
selective glomerular basement membrane (GBM), 
and podocyte foot processes—permits free passage 
of Cr into Bowman’s capsule. While the GBM’s 
polyanionic glycoproteins restrict negatively 
charged macromolecules, Cr’s neutral charge and 

hydrodynamic radius (∼0.3 nm) enable unimpeded 
filtration. Approximately 10–15% of filtered Cr 
undergoes proximal tubular reabsorption via 
passive diffusion, but active secretion through 
organic cation transporters (OCT2/SLC22A2 and 
MATE1/SLC47A1) [14] in the basolateral and 
apical membranes dominates its renal 
handling Tubular secretion accounts for 30–60% of 
total urinary Cr excretion (UCrE) in healthy 
individuals, a proportion that increases to 40–70% 
in chronic kidney disease (CKD) as adaptive 
upregulation of secretory pathways compensates 
for declining glomerular filtration rate (GFR) This 
secretory mechanism explains why creatinine 
clearance (CrCl) systematically overestimates true 
GFR in CKD stages 3–5, particularly when GFR 
falls below 30 mL/min/1.73 m². 

The CrCl-to-eGFR ratio rises inversely with GFR 
due to two factors: 

1. Tubular secretion fraction augmentation (from 15% 
at eGFR 90 to 45% at eGFR 15 mL/min/1.73 m²) 

2. Extrarenal clearance (∼0.04 L/kg/day) mediated by 
gut microbiota metabolism, which becomes 
clinically significant in severe renal impairment

 
Table 2: Depicting values of normal and CKD kidney function. 

Parameter Healthy Kidney CKD (eGFR <30) 
Glomerular filtration 85–90% of UCrE 50–60% of UCrE 
Tubular secretion 10–15% of UCrE 40–50% of UCrE 
Extrarenal clearance <5% of total 10–15% of total 
 
This physiology necessitates caution when 
interpreting Cr-based GFR estimates. Equations 
like CKD-EPI that neglect tubular secretion 

systematically underestimate true Cr elimination in 
advanced CKD, potentially delaying dialysis 
initiation. Current guidelines recommend 
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combining cystatin C with Cr for eGFR 
calculations in CKD stages 4–5 to mitigate 
secretory bias 

Creatinine transport in renal proximal tubules  

Creatinine (Cr) transport in renal proximal tubules 
is mediated by specialized solute carrier (SLC) 
transporters. The basolateral uptake of Cr occurs 
primarily via organic cation transporter 2 
(OCT2/SLC22A2), which demonstrates high 
affinity for Cr (Km ≈ 580 μM) and accounts for 
~60% of tubular secretion under physiological 
conditions. While organic anion transporters OAT1 
(SLC22A6) and OAT3 (SLC22A8) contribute 
minimally to Cr uptake, OCT2 dominates due to 
Cr’s zwitterionic properties at physiological pH. 
[15] 

Apical extrusion into tubular lumen involves 
multidrug and toxin extrusion proteins MATE1 
(SLC47A1) and MATE2-K (SLC47A2), which 
couple Cr efflux to proton antiport.  This 
transcellular transport system (OCT2-MATE1/2K) 
enables efficient Cr secretion, contributing 30–60% 
of total renal clearance in healthy individuals  

Pharmacological Interactions 

Multiple therapeutics (e.g., cimetidine, 
trimethoprim, pyrimethamine) act as competitive 
inhibitors of OCT2 and MATEs, reducing Cr 
secretion by 40–65% and elevating serum Cr 
without altering glomerular filtration rate 
(GFR). Such drug-induced pseudorenal dysfunction 
complicates GFR estimation using Cr-based 
equations. [16] 

Extrarenal Metabolism 

In chronic kidney disease (CKD), gut microbiota 
assume a critical role in Cr homeostasis through 
enzymatic degradation (creatininase activity), 
accounting for 16–66% of total Cr clearance when 
GFR falls below 30 mL/min. Uremic dysbiosis 
enhances bacterial conversion of Cr 
to creatine and methylamine, exacerbating 
systemic accumulation of nitrogenous waste 
products. This compensatory pathway becomes 
clinically significant in advanced CKD, though it 
cannot fully offset impaired renal excretion. [17] 

The extrarenal degradation of creatinine (Crn) and 
creatine (Cr) by gut microbiota represents a critical 
pathway influencing nitrogen metabolism, 
particularly in the context of renal dysfunction.  

Microbial species inhabiting the gastrointestinal 
tract, including Bacillus, Clostridium, Escherichia, 
Pseudomonas, and Alcaligenes, possess enzymatic 
machinery to metabolize Crn and Cr through four 
distinct biochemical pathways, each yielding 
unique intermediates and end products with 
implications for host physiology. 

Pathway 1: Degradation to 1-Methylhydantoin 

In this pathway, facultative anaerobes such as 
Bacillus, Clostridium, and Escherichia utilize Crn 
as a nitrogen source via creatinine deaminase 
activity. This enzyme catalyzes the hydrolytic 
deamination of Crn to 1-methylhydantoin and 
ammonia. The reaction does not provide carbon or 
energy substrates for microbial growth but 
facilitates nitrogen assimilation. Notably, 1-
methylhydantoin may diffuse into systemic 
circulation, where it undergoes further oxidation to 
5-hydroxy-1-methylhydantoin, methylparabanic 
acid, and oxalic acid—compounds implicated in 
uremic toxicity and inflammatory tissue damage. 
[18] 

Pathway 2: Conversion to N-Carbamoyl-Sarcosine 

Strains of Pseudomonas and Brevibacterium 
metabolize 1-methylhydantoin (from Pathway 1) 
through N-carbamoyl-sarcosine synthase, 
generating N-carbamoyl-sarcosine and sarcosine. 
Sarcosine serves as a substrate for microbial one-
carbon metabolism, while N-carbamoyl-sarcosine 
is hydrolyzed to sarcosine and urea. This pathway 
highlights the metabolic flexibility of gut 
microbiota in repurposing nitrogenous waste 
products into utilizable metabolites, potentially 
modulating host nitrogen balance.19 

Pathway 3: Creatinine-to-Creatine Conversion 

Species such as Alcaligenes, Arthrobacter, and 
Tissierella express creatininase, which hydrolyzes 
Crn to creatine (Cr). Subsequent cleavage of Cr by 
creatinase yields urea and sarcosine. This pathway 
not only reduces systemic Crn levels but also 
recycles Cr, which may transiently buffer cellular 
energy deficits in renal impairment. However, urea 
accumulation exacerbates uremic symptoms, 
underscoring the dual role of microbial metabolism 
in mitigating and potentiating renal pathology. 
[17,19] 

Pathway 4: Methylguanidine Synthesis 

Pseudomonas stutzeri mediates the decarboxylation 
of Crn to methylguanidine and acetic acid. 
Methylguanidine, a potent uremic toxin, is further 
degraded by Alcaligenes species into methylamine 
and urea. Elevated methylguanidine levels correlate 
with oxidative stress, endothelial dysfunction, and 
cardiovascular complications in chronic kidney 
disease (CKD). This pathway exemplifies how 
microbial metabolism can directly contribute to the 
uremic toxin burden, accelerating CKD 
progression. [20] 

In uremic patients, elevated serum creatinine (SCr) 
drives Crn diffusion into the intestinal lumen, 
inducing the expression of microbial creatininase, 
creatinase, and deaminases. This results in partial 
Crn detoxification and Cr recycling, albeit with 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Baishya et al.                                    International Journal of Current Pharmaceutical Review and Research  

533   

collateral production of nephrotoxic metabolites. 
For instance, methylguanidine and 1-
methylhydantoin derivatives impair renal tubular 
function and exacerbate oxidative stress, creating a 
pathological feedback loop. [21] 

The clinical relevance of these pathways is 
underscored by their impact on routine diagnostics. 
Microbial creatinine-degrading enzymes can 
interfere with serum Crn assays, leading to 
underestimation of glomerular filtration rate 
(eGFR). Conversely, targeted modulation of gut 
microbiota—via probiotics or dietary 
interventions—may reduce uremic toxin 
generation. [22] For example, enhancing 
Alcaligenes activity could promote 
methylguanidine clearance, while suppressing 
Pseudomonas stutzeri might limit its synthesis. 

Furthermore, interspecies metabolic interactions 
within the gut microbiome influence host-pathway 

cross-talk. For instance, Ruminococcus bromii and 
Faecalibacterium prausnitzii—species depleted in 
CKD—correlate inversely with fecal hydroquinone 
and serum creatinine, suggesting protective roles 
against oxidative stress and renal fibrosis. In 
contrast, Flavonifractor plautii enrichment 
associates with pro-oxidant metabolites, 
highlighting the therapeutic potential of 
microbiota-directed therapies in CKD management. 

In summary, gut microbiota-mediated Crn 
degradation is a double-edged sword: while it 
alleviates Crn accumulation, it generates 
metabolites that may exacerbate renal dysfunction. 
Understanding these pathways opens avenues for 
novel diagnostics and interventions, such as 
enzymatic inhibitors targeting microbial 
deaminases or synbiotics to modulate toxin-
producing species. 

  

 
Figure 5: Depicting steps of conversion of Creatinine to Glycine 

 
The intestinal microbiota degrades creatinine 
through interconnected enzymatic pathways, with 
key steps mediated by specific microbial taxa and 
enzymes. Below is a systematic breakdown of the 
pathways, aligned with enzymatic designations and 
supporting evidence from recent studies: 

Pathway 1: Creatinine → 1-Methylhydantoin 

Enzymes: 

1. Creatinine amidohydrolase (creatinine 
deaminase; EC 3.5.4.21) 

• Catalyzes the deimination of creatinine to 1-
methylhydantoin and ammonia. 

• Observed in Pseudomonas putida, Bacillus, 
and Clostridium species  

Pathway 2: 1-Methylhydantoin → Sarcosine 

Steps: 
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1. 1-Methylhydantoin amidohydrolase (ATP-
dependent; EC 3.5.2.14) 

• Converts 1-methylhydantoin to N-carbamoyl-
sarcosine, requiring ATP, Mg²⁺, and K⁺ 

• Reported in P. putida and Brevibacterium 

2. N-Carbamoyl-sarcosine amidohydrolase (EC 
3.5.1.59) 

• Hydrolyzes N-carbamoyl-sarcosine to sarcosine, 
NH₃, and CO₂  

Downstream Metabolism: 

• Sarcosine is oxidized to glycine via sarcosine 
dehydrogenase (EC 1.5.99.1) or sarcosine oxidase 
(EC 1.5.3.1), depending on microbial species1. 

Pathway 3: Creatinine → Creatine → 
Urea/Sarcosine 

Steps: 

1. Creatinine amidohydrolase (creatinase; EC 
3.5.2.10) 

• Hydrolyzes creatinine to creatine. 
• Found in Alcaligenes and Arthrobacter. 

2. Creatine amidinohydrolase (EC 3.5.3.3) 

• Splits creatine into urea and sarcosine 

Clinical Relevance: 

• Urea accumulation exacerbates uremia, while 
sarcosine is further metabolized to glycine or 
methylamine 

Pathway 4: Creatinine → Methylguanidine 

Steps: 

1. Uncharacterized enzyme (EC number 
pending) 

• Converts creatinine to methylguanidine and acetic 
acid (e.g., in Pseudomonas stutzeri) 

2. Methylguanidine amidinohydrolase (EC 
3.5.3.16) 

• Degrades methylguanidine to methylamine and 
urea (e.g., in Alcaligenes) 

Toxicological Impact: Methyl guanidine is a 
potent uremic toxin linked to oxidative stress and 
endothelial dysfunction 

Microbial-Host Interactions 

• Energy Dynamics: ATP-dependent steps (e.g., EC 
3.5.2.14) highlight microbial reliance on host-
derived energy substrates 

• Diagnostic Interference: Microbial creatininase 
activity can reduce serum creatinine levels, 
complicating eGFR estimate.  

Therapeutic Modulation: 

• Gatm (glycine amidinotransferase) mutations 
impair creatine synthesis, exacerbating colitis, but 
creatine supplementation restores epithelial ATP 
and barrier function 

• Dietary creatine alters gut microbiota composition 
(e.g., increases Firmicutes and Bacteroidota) and 
enhances taurine/γ-ABA synthesis in fish models 

Environmental and Clinical Modulators 

• Oxygen Sensitivity: Anaerobic conditions favor 
creatinine degradation, while oxygen suppresses it 

• Antibiotics: Oxytetracycline does not inhibit these 
pathways, suggesting resilience in microbial 
consortia 

• Uremia: Creatinine degradation rates are 41% 
faster in uremic patients (780 vs. 550 μmol·h⁻¹·kg⁻¹ 
in healthy subjects). 

This refined framework integrates enzymatic 
specificity, microbial diversity, and clinical 
implications, providing a roadmap for targeting gut 
microbiota in renal and inflammatory diseases. 

Creatinine's role as a renal biomarker hinges on its 
metabolism, which involves glomerular filtration, 
endogenous production, dietary intake, and 
extrarenal degradation.  Medications may inhibit 
tubular secretion (e.g., trimethoprim) or alter drug 
clearance, elevating serum creatinine and 
misleadingly reducing estimated glomerular 
filtration rate (eGFR). This necessitates integrated 
assessment beyond creatinine alone to avoid 
misdiagnosis. 

Serum creatinine and the factors affecting it:  

Creatinine levels are modulated by factors like 
high-protein diets, creatine supplements, muscle 
mass, and medications (elevating levels), while gut 
microbiota degradation, aging, and nutritional 
deficiencies reduce concentrations, necessitating 
comprehensive clinical interpretation. 

 

https://pubmed.ncbi.nlm.nih.gov/2695273/
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Figure 6: Depicting creatinine and the factors affecting it 

 
Serum creatinine concentrations are increased 
by the following drugs:  

1. Cimetidine:  

Cimetidine, a histamine H₂-receptor antagonist 
dosed at 1.6 g/day, inhibits gastric acid secretion 
and competitively blocks organic cation transporter 
2 (OCT2) and multidrug/toxin extrusion (MATE) 
transporters in renal proximal tubules. This 
inhibition reduces tubular secretion of creatinine 
(Cr), decreasing urinary Cr excretion (UCrE) and 
transiently elevating serum Cr (SCr) until a new 
steady state is reached. Studies demonstrate that 
high-dose cimetidine (e.g., 300 mg IV or 800 mg 
orally) reduces endogenous and exogenous Cr 
clearance (CrCl) by ~20–30% in healthy subjects, 
without altering glomerular filtration rate (GFR) 
measured via inulin clearance. [24] By suppressing 
Cr secretion, cimetidine-adjusted CrCl 
approximates true GFR measured by gold-standard 
methods like iohexol. In kidney transplant 
recipients with SCr <2.5 mg/dL, cimetidine-aided 
CrCl aligns with GFR estimates from the MDRD 
equation, validating its clinical utility as a cost-
effective alternative to invasive techniques. This 
approach enhances diagnostic accuracy, 
particularly in patients with impaired tubular 
function, by isolating glomerular filtration from 
secretory Cr pathways. 

2.Abemaciclib-  a cyclin-dependent kinase 4/6 
inhibitor indicated for metastatic breast cancer, has 
been associated with reversible increases in serum 
creatinine (SCr) levels, ranging from 10–40%, with 
peak levels observed 10–12 hours post-
administration. [27], These elevations gradually 
decline over time and are not indicative of renal 
injury. Importantly, the glomerular filtration rate 
(GFR), as measured by iohexol clearance or 
cystatin C-based estimated GFR (eGFR), remains 
unaffected, suggesting that the rise in SCr is due to 

reversible inhibition of renal tubular creatinine 
secretion rather than impaired filtration. The 
mechanism involves abemaciclib’s high affinity for 
renal transporters such as organic cation transporter 
2 (OCT2) and multidrug and toxin extrusion 
proteins (MATE1/2-K), which mediate creatinine 
secretion in proximal tubules. This inhibition 
reduces tubular creatinine clearance, leading to 
transient SCr accumulation until a new steady state 
is achieved. Notably, no significant changes are 
observed in urinary biomarkers of renal injury, 
such as neutrophil gelatinase-associated lipocalin 
[25] (NGAL) and kidney injury molecule-1 (KIM-
1), further supporting the absence of 
nephrotoxicity. These findings highlight the 
importance of distinguishing between true kidney 
dysfunction and pseudo-elevations in SCr caused 
by transporter inhibition. Alternative methods, such 
as cystatin C-based eGFR, are recommended for 
accurate renal function assessment in patients 
treated with abemaciclib. 

3. Integrase inhibitors: Drugs used in the 
treatment of HIV, such as dolutegravir (DTG), 
raltegravir (RAL), and elvitegravir (EVG) [28], are 
known to cause mild elevations in serum creatinine 
(SCr) concentrations. These increases are attributed 
to the inhibition of renal tubular creatinine 
secretion rather than a reduction in glomerular 
filtration rate (GFR). The VIKING study, which 
compared DTG and RAL, demonstrated that DTG 
administration resulted in an increase in SCr levels 
ranging from 0.084 to 0.105 mg/dL, with the effect 
becoming more pronounced on days 6 and 8 post-
administration. By week 4, SCr concentrations 
reached a plateau without further progression. 
Similarly, the SPRING-2 study reported a rise in 
SCr levels of 14.6 μmol/L after 96 weeks of 
treatment with DTG, while RAL administration 
resulted in an increase of 8.2 μmol/L over the same 
period. In addition to changes in SCr, the 
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Cockcroft–Gault formula revealed reductions in 
creatinine clearance (CrCl) of −19.6 mL/min for 
the DTG group and −9.3 mL/min for the RAL 
group at week 96. However, these changes were 
not accompanied by alterations in GFR measured 
using iohexol clearance or cystatin C-based 
estimated GFR (eGFRCys). [29,30] This indicates 
that the elevations in SCr are not reflective of 
impaired glomerular filtration but rather stem from 
reversible inhibition of tubular secretion via 
organic cation transporter 2 (OCT2) and multidrug 
and toxin extrusion transporters (MATE1/2-K), 
which are integral to creatinine handling in 
proximal tubules. 

Further studies have explored the impact of DTG 
alone or in combination with tenofovir disoproxil 
fumarate (TDF) on renal function using both 
creatinine-based eGFR (eGFRCr) and cystatin C-
based eGFR (eGFRCys). Results consistently 

showed that DTG treatment was associated with a 
significant increase in SCr concentrations and a 
reduction in eGFRCr, while eGFRCys and cystatin 
C levels remained unchanged. This pattern 
reinforces the hypothesis that DTG-induced SCr 
elevations are attributable to transporter-mediated 
blockade of creatinine secretion rather than acute 
kidney injury or nephrotoxicity. 

The rapid but modest rise in SCr concentrations 
observed with these integrase strand transfer 
inhibitors is characteristic of OCT2-mediated 
inhibition, which temporarily alters tubular 
creatinine handling until a new steady state is 
established. Importantly, this phenomenon does not 
reflect true renal dysfunction or damage, as 
evidenced by stable GFR measured with iohexol 
and unchanged urinary biomarkers of renal injury 
such as neutrophil gelatinase-associated lipocalin 
(NGAL) and kidney injury molecule-1 (KIM-1). 

 
s

 
Figure 6: 

 
From a clinical perspective, understanding this 
mechanism is essential to avoid misinterpretation 
of renal function during treatment with HIV 
integrase inhibitors. The use of alternative markers 
like cystatin C for assessing GFR provides a more 
accurate evaluation of renal function unaffected by 
tubular secretion dynamics. Moreover, this 
knowledge highlights the importance of 

distinguishing pseudo-elevations in SCr caused by 
transporter inhibition from genuine renal 
impairment. To sum it up all, while DTG, RAL, 
and EVG are associated with mild increases in SCr 
concentrations due to reversible inhibition of 
tubular secretion via OCT2 and MATE 
transporters, these changes do not signify reduced 
GFR or nephrotoxicity. Clinicians should consider 
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alternative methods for assessing renal function, 
such as cystatin C-based eGFR, to ensure precise 
evaluation and management of patients receiving 
these antiretroviral therapies. [31] 

4. Glucocorticoids, as catabolic steroid hormones, 
enhance proteolysis and muscular tissue 
breakdown, leading to increased release of creatine 
(Crn) which is non-enzymatically converted to 
creatinine (Cr). This elevates both serum Cr 
concentrations and urinary Cr excretion, 
independent of glomerular filtration rate (GFR) 
alterations. 

Sex-based differences in Cr kinetics are evident, 
with males exhibiting 21% higher serum Cr levels 
than females due to greater lean body mass (LBM), 
even after weight adjustment. Similarly, urinary Cr 
excretion is 33% higher in males [33] directly 
correlating with muscle mass. Racial disparities 
reveal Black individuals have 5% higher Cr 
production rates and elevated serum Cr compared 
to White counterparts, historically attributed to 
increased LBM.  

However, recent studies challenge this by 
demonstrating persistent interethnic Cr differences 
even after adjusting for intracellular water, 
suggesting multifactorial influences beyond muscle 
mass. Physical activity modulates Cr dynamics, as 
individuals with moderate/intense exercise exhibit 
higher serum Cr and urinary excretion due to 
increased LBM, though cystatin C (CysC) remains 
unaffected by muscle mass. Acute exercise induces 
transient serum Cr spikes, potentially leading to 
overestimated GFR reductions (−34 ± 33 
mL/min/1.73 m²). [34] 

Aging introduces complexities, as sarcopenia (age-
related muscle loss) reduces Cr production, 
potentially masking true GFR declines. In elderly 
populations, 87.4% with confirmed renal 
insufficiency via Cockcroft-Gault equation had 
serum Cr ≤1.7 mg/dL, underscoring Cr's limited 
sensitivity in this demographic. 

Current GFR estimation equations, such as CKD-
EPI, now exclude race coefficients to mitigate 
healthcare disparities. Clinicians must prioritize 
equations integrating age, sex, and biomarkers like 
CysC, particularly in populations where Cr alone is 
unreliable (e.g., elderly or muscular individuals). 
These adjustments address Cr's limitations as a 
solitary biomarker, emphasizing the need for 
comprehensive renal function assessments that 
account for demographic and physiological 
variables 

Laboratory analysis:  

Serum creatinine (SCr) serves as a key biomarker 
for assessing renal function, with established 
reference ranges of 0.74–1.35 mg/dL (65.4–119.3 
μM) for adult males and 0.59–1.04 mg/dL (52.2–
91.9 μM) for adult females. Daily urinary 
creatinine excretion (UCrE) in healthy individuals 
ranges from 0.8–2.0 g/day, reflecting muscle 
metabolism and glomerular filtration efficiency. 
Elevated SCr (>1000 μM) often signals renal 
dysfunction or myopathies, necessitating precise 
analytical methods for clinical interpretation. 

Analytical Methods for Creatinine 
Measurement [35] 

Conventional techniques include: 

 
Table 3: Showing different techniques used in biochemistry laboratory 

Method Principle Advantages Limitations 
Colorimetric Jaffé reaction (SCr + picric acid in 

alkaline medium → red chromogen) 
Rapid, cost-effective Low specificity; 

interferent susceptibility 
Enzymatic Enzymatic hydrolysis coupled with 

spectrophotometric detection 
High specificity Higher cost; specialized 

equipment 
Chromatographic HPLC or LC-MS for precise 

quantification 
Gold-standard 
accuracy 

Time-intensive; technical 
expertise 

 
The Jaffé reaction, first described in 1886, remains 
widely used despite limitations. It measures 
absorbance at 510–520 nm but suffers from 
interference by non-creatinine chromogens (e.g., 
glucose, proteins, uric acid) and bilirubin.  

Bilirubin oxidation in alkaline conditions generates 
biliverdin, reducing chromogen intensity and 
falsely lowering SCr values by up to 20% in 
normal samples. Neonatal samples are particularly 
prone to inaccuracies due to higher bilirubin levels 
and hemolysis prevalence. [36] 

Clinical Considerations 

• Paediatric Populations: Neonatal jaundice and 
hemolysis exacerbate Jaffé assay inaccuracies, 
necessitating external quality controls for result 
standardization. 

• Interferent Management: Laboratories often 
employ kinetic Jaffé methods to mitigate early 
reacting interferents, though residual challenges 
persist. 

While enzymatic and chromatographic methods 
offer superior specificity, their reliance on 
advanced instrumentation and skilled operator’s 
limits accessibility. Emerging point-of-care 
technologies aim to balance accuracy with 
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practicality, particularly in resource-constrained 
settings.  

Assessment of Creatinine by enzymatic method: 
Enzymatic creatinine quantification employs two 
principal methodologies to overcome limitations of 
traditional Jaffé assays.  

The peroxidase-coupled method involves 
sequential enzymatic reactions: creatinine 
amidohydrolase converts creatinine to creatine, 
which is hydrolyzed to sarcosine and urea by 
creatinase. Sarcosine oxidase then catalyzes 

sarcosine oxidation, generating hydrogen peroxide 
(H₂O₂). In the presence of peroxidase, H₂O₂ reacts 
with chromogens like N-ethyl-N-sulfopropyl-m-
toluidine (ESPMT) and 4-aminoantipyrine, forming 
a quinoneimine chromophore measured 
photometrically at 546 nm. [37]  

Alternatively, the NADH-linked UV 
method quantifies creatinine via NADH oxidation 
at 340 nm using coupled reactions with creatine 
kinase, pyruvate kinase, and lactate dehydrogenase. 

Key Advantages over Jaffé [38] 
 

Table 4:  Depicting advantages over Jaffe 
Parameter Enzymatic Methods Jaffé Reaction 
Specificity Minimal bilirubin interference Susceptible to chromogen interference 
Accuracy Correlation (r ≥0.99) with gold-standard 

LC-MS 
Overestimates in icteric samples (Δ up to 1.95 
mg/dL) 

Clinical 
Impact 

Reliable MELD scores in liver failure Misclassifies CKD stages due to false 
elevations 

 
Enzymatic assays demonstrate <2.18% CV 
precision and resist interference from bilirubin (up 
to 50 μmol/L), hemoglobin, and 
lipids. Modifications like potassium ferrocyanide in 
reagent formulations further mitigate bilirubin 
effects. However, high concentrations of 
anticoagulants (e.g., citrate >30 g/L) may inhibit 
enzymatic activity. 

Clinical Relevance 

• GFR Estimation: Enzymatic SCr reduces 
variability between laboratories, critical for 
accurate CKD staging (prevalence ~14%). 

• Standardization: Harmonized assays prevent 
diagnostic errors, particularly in populations with 
muscle wasting or jaundice, where Jaffé methods 
falter. 

Adoption of enzymatic techniques is advocated in 
guidelines to enhance reliability in renal and 
hepatic disease management, ensuring appropriate 
therapeutic and transplant prioritization decisions. 

Determination of Glomerular filtration rate: 
Glomerular filtration rate (GFR) represents the 
volume of fluid filtered from the glomerular 
capillaries into the Bowman's capsule per unit time, 
serving as a critical indicator of renal function. It 
can be measured directly through clearance studies 
or estimated using serum concentrations of 
endogenous or exogenous filtration markers. 
The creatinine clearance (CrCl) formula, defined 
as: 

CrCl=[Urine Volume (mL/24 h)/1440 min]×[Uri
nary Creatinine (mg/dL)/Serum Creatinine (mg/
dL)], is one method for approximating GFR but 
requires 24-hour urine collection, which is 
cumbersome and prone to errors. [39,40] 

Recommended Practices for GFR Evaluation 

According to the 2024 KDIGO guidelines, GFR 
should be expressed as estimated GFR (eGFR) in 
milliliters per minute per 1.73 m² to standardize 
results across varying body sizes. The initial test 
typically involves creatinine-based eGFR due to its 
simplicity and cost-effectiveness. [41]  

However, limitations such as variability in 
creatinine generation (affected by muscle mass, 
diet, and tubular secretion) necessitate confirmatory 
tests in specific cases. These include: 

• Cystatin C-based eGFR: Less influenced by 
muscle mass and diet. 

• Combined creatinine-cystatin C-based eGFR: 
Offers improved accuracy. 

• Measured CrCl: Useful when eGFR estimates are 
unreliable. 

Filtration Markers 

Endogenous markers like creatinine (113 
Da) and cystatin C (1000–20,000 Da) are inversely 
proportional to GFR but are influenced by non-
GFR-related determinants such as generation rates, 
tubular reabsorption/secretion, and extrarenal 
elimination.  

Exogenous markers like inulin, iohexol and 
iothalamate provide more precise measurements 
but are less practical due to their invasive nature. 

Clinical Considerations: The interpretation of 
GFR results depends on the selected equation and 
clinical context. While creatinine-based formulas 
(e.g., MDRD, CKD-EPI) are widely used, they may 
underestimate GFR in individuals with preserved 
kidney function or overestimate it in those with 
reduced muscle mass.  
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For pediatric populations, specialized formulas like 
Schwartz are employed to account for age-related 
differences in muscle mass and renal function. [42] 
Clinicians must recognize the limitations of each 

method and integrate confirmatory tests or 
alternative biomarkers when necessary to ensure 
accurate diagnosis, staging, and monitoring of 
chronic kidney disease progression. 

Table 5: Formulas for Determining Renal Function [43] 
Formula Equation Notes 
Creatinine 
Clearance 
(CrCl) 

CrCl=UCr (mg/dL)×Urine Volume (mL/24 h)1440 min
×SCr (mg/dL)CrCl=1440min×SCr(mg/dL)UCr(mg/dL)
×Urine Volume (mL/24 h) 

Requires 24-hour urine collection. 
Reflects absolute renal function. 

Cockcroft–
Gault (CG) 

CrCl=(140−age)×weight (kg)72×SCr×0.85 (if female)
CrCl=72×SCr(140−age)×weight (kg)×0.85(if female) 

Adjusted for sex. Commonly used for 
drug dosing. 

MDRD 4 Men: eGFR=175×SCr−1.154×age−0.203eGFR=175×S
Cr−1.154×age−0.203 

Normalized to a body surface area 
(BSA) of 1.73 m².  

Women: eGFR=175×SCr−1.154×age−0.203×0.742eG
FR=175×SCr−1.154×age−0.203×0.742 

 

MDRD 6 Men: eGFR=170×SCr−0.999×age−0.176×BUN−0.17×
(albumin)0.318eGFR=170×SCr−0.999×age−0.176×BU
N−0.17×(albumin)0.318 

Includes BUN and albumin for 
enhanced accuracy. 

 
Women: eGFR=170×SCr−0.999×age−0.176×BUN−0.
17×(albumin)0.318×0.762eGFR=170×SCr−0.999×age
−0.176×BUN−0.17×(albumin)0.318×0.762 

 

CKD-EPI Men: eGFR=141×(SCr/0.9)−1.209×(0.993)ageeGFR=1
41×(SCr/0.9)−1.209×(0.993)age 

Recommended by KDIGO for general 
use due to its accuracy across GFR 
ranges.  

Women: eGFR=144×(SCr/0.9)−1.209×(0.993)ageeGF
R=144×(SCr/0.9)−1.209×(0.993)age 

 

CKD-
EPICys C 

- 
Men: eGFR=133×(sCysC/0.8)−1.328×(0.996)ageeGFR
=133×(sCysC/0.8)−1.328×(0.996)age 

Based on cystatin C; less influenced 
by muscle mass or diet than 
creatinine-based formulas.  

Women: eGFR=133×(sCysC/0.8)−1.328×(0.996)age×0
.932eGFR=133×(sCysC/0.8)−1.328×(0.996)age×0.932 

 

CKD-EPI 
Cr CysC 

Men: eGFR=135×(SCr/0.9)−0.601×(sCysC/0.8)−0.711
×(0.995)age eGFR=135×(SCr/0.9)−0.601×(sCysC/0.8)
−0.711×(0.995)age  

Combines creatinine and cystatin C 
for improved precision in GFR 
estimation across populations.  

Women: eGFR=130 × (SCr/0.7)−0.601 × (sCysC/0.8)−
0.711 × (0.995)age eGFR=130 × (SCr/0.7)−0.601 × (s
CysC/0.8)−0.711 × (0.995)age  

 

 
Abbreviations: MDRD: Modification of Diet in 
Renal Disease, CKD-EPI: Chronic Kidney Disease 
Epidemiology  

Collaboration 

CrCl: Creatinine Clearance, SCr: Serum Creatinine, 
sCysC: Serum Cystatin C, BUN: Blood Urea 
Nitrogen 

The integration of creatinine (Cr) and cystatin C 
(CysC) for GFR estimation arose from the removal 
of race factors to mitigate discrimination. The 
recalibrated MDRD equation calculates GFR while 
adjusting for body surface area, taking into account 
serum creatinine, age, and gender, but it does not 
factor in ethnicity or muscle mass.  

Consequently, this equation may underestimate the 
actual GFR in individuals with higher muscle mass, 
leading to potential inaccuracies in assessing renal 
function in those populations. 

Shortcomings of Serum creatinine estimation: 
Estimating glomerular filtration rate (eGFR) using 
creatinine (Cr) has notable limitations due to the 
complex metabolism of Cr. Changes in muscle 
mass, such as those observed in individuals with 
chronic illnesses, malnutrition, or advanced age, 
can lead to an overestimation of GFR. 
Additionally, dietary factors, such as the 
consumption of cooked red meat, and the effects of 
certain medications can further influence Cr levels, 
introducing variability in eGFR calculations. 
[44,45] 

Despite these challenges, Cr remains a valuable 
marker in clinical practice for individuals with 
stable renal function and without confounding 
factors like significant muscle mass changes or 
medication interference. In such cases, Cr-based 
eGFR provides a reliable estimate of kidney 
function. However, clinicians must recognize the 
limitations of Cr-based formulas and consider 
alternative approaches when necessary. For 
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instance, combining Cr with cystatin C (CysC) 
enhances accuracy by compensating for the 
limitations of each marker. This approach is 
especially important in cases where precise GFR 
estimation is critical, such as drug dosing or kidney 
transplant evaluations. [47-50] Ultimately, while 
creatinine retains its utility in routine clinical 
scenarios, understanding its limitations and 
integrating complementary biomarkers like CysC 
ensures more accurate assessments of renal 
function across diverse patient populations. 

Causes and reflections of sudden rise in serum 
creatinine: An increase in serum creatinine (SCr) 
concentration is often indicative of impaired kidney 
function and is commonly observed in patients with 
chronic illnesses such as diabetes, hypertension, 
and primary kidney diseases. Chronic kidney 
disease (CKD) typically progresses silently, 
delaying diagnosis until routine examinations or 
secondary manifestations such as anemia, fatigue, 
or weight loss reveal its presence. In contrast, acute 
elevations in SCr may result from identifiable 
recent events such as trauma with hemorrhage or 
severe muscle injury, excessive dehydration during 
exercise, exposure to toxins or poisons, or urinary 
tract obstruction caused by descending stones. 
Under these conditions, differential diagnosis is 
essential to determine the underlying cause of SCr 
elevation. [51,52] 

Acute kidney injury (AKI) diagnosis requires 
specific criteria: an increase in SCr by ≥0.3 mg/dL 
(≥26.5 μmol/L) within 48 hours or a rise to ≥1.5 
times the baseline value. Supporting data include 
urine output <0.5 mL/kg/h for 6 hours, muddy 
brown casts in urine sediment [53], urine 
osmolality <350 mmol/kg, mild-to-moderate 
proteinuria, urinary sodium >40 mmol/L, fractional 
excretion of sodium (FENa) >1%, fractional 
excretion of urea (FEUrea) >35%, [54] and novel 
biomarkers such as kidney injury molecule-1 
(KIM-1), cystatin C, and neutrophil gelatinase-
associated lipocalin (NGAL). 

AKI encompasses three major etiologies: prerenal, 
intrinsic, and postrenal. Prerenal AKI, accounting 
for 30–60% of cases, arises from reduced renal 
blood flow that decreases glomerular perfusion 
pressure and GFR. [55,56] This limits creatinine 
clearance from plasma, causing elevated SCr 
levels. A distinguishing feature is the serum blood 
urea nitrogen (BUN)-to-creatinine ratio exceeding 
20:1 due to disproportionate urea reabsorption 
driven by elevated vasopressin levels. 

Intrinsic AKI, responsible for approximately 40% 
of cases, includes acute tubular necrosis (ATN), 
acute interstitial nephritis (AIN), glomerular 
diseases, and vasculitic renal conditions [57]. 
Cellular injury leads to plasma membrane rupture 
and release of cytoplasmic contents that exacerbate 

inflammation and further damage renal structures, 
reflected as increased SCr levels. 

Postrenal AKI, comprising around 10% of cases, 
results from obstructive nephropathy. Obstruction-
induced hemodynamic changes impair urine 
excretion and elevate serum creatinine 
concentrations. [58] 

Understanding the distinct mechanisms underlying 
AKI subtypes is crucial for accurate diagnosis and 
targeted treatment strategies to mitigate renal 
damage and restore function. 

Strategies: Acute increases in serum creatinine 
(SCr) are critical in diagnosing and managing acute 
kidney injury (AKI), where rapid treatment 
decisions are essential. Despite its limitations, SCr 
remains the cornerstone biomarker for AKI 
diagnosis due to its widespread availability and 
cost-effectiveness. To refine differential diagnosis, 
daily urine output assessment is crucial, dividing 
AKI into oliguric (<500 mL/day) and non-oliguric 
forms.59,60 Combining a detailed clinical history, 
physical examination, and basic laboratory tests 
often suffices for initial diagnosis. 

However, reliance solely on SCr-based staging has 
significant drawbacks, as SCr changes lag behind 
kidney injury and are influenced by factors such as 
muscle mass, diet, and medications. To improve 
diagnostic precision and therapeutic outcomes in 
AKI, a more comprehensive approach is necessary. 
This includes integrating novel biomarkers like 
neutrophil gelatinase-associated lipocalin (NGAL), 
kidney injury molecule-1 (KIM-1), and cystatin C, 
which provide earlier detection of renal injury. 
Emerging technologies such as transcriptomics and 
proteomics can further enhance understanding of 
the pathophysiological and anatomical context of 
kidney damage. [61,62] In resource-limited 
settings, SCr remains indispensable for diagnosing 
chronic kidney disease (CKD) due to its rapid 
analysis. However, interpreting estimated 
glomerular filtration rate (eGFR) requires 
consideration of clinical severity, dietary intake, 
and medication use to avoid misclassification. 
Transitioning to multimodal diagnostic strategies 
will enable earlier detection and better management 
of kidney diseases. [63] 

All about Cystatin C: Cystatin C (CysC) is a non-
glycosylated proteinase inhibitor belonging to the 
type 2 cystatin superfamily. It is composed of 120 
amino acids, has a molecular weight of 13.3 kDa, 
and carries a positive charge with an isoelectric 
point of 9.3. Its structure was first elucidated by 
Grubb et al. in 1981. The human CST3 gene [64], 
which encodes CysC, is constitutively expressed in 
all nucleated cells, ensuring constant production. 
Intracellularly, CysC inhibits cysteine proteases, 
while extracellularly it acts as a lysosomal 
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proteinase inhibitor. It is distributed exclusively in 
the extracellular volume and cleared entirely by the 
kidneys. [65] 

CysC is freely filtered by the renal glomeruli under 
normal renal function and subsequently reabsorbed 
and catabolized in the proximal tubules through 
megalin-mediated endocytosis. Unlike creatinine 
(Cr), CysC does not undergo tubular secretion. 
However, albuminuria can interfere with its 
reabsorption due to competition between albumin 
and CysC for the same transport mechanism, 
leading to increased urinary excretion of CysC. 
[66] 

One significant advantage of CysC as a biomarker 
is its independence from physiological factors such 
as age, sex, race, diet, or muscle mass. This makes 
it a more reliable indicator of glomerular filtration 
rate (GFR) compared to Cr, particularly in 
populations with variable muscle mass or dietary 
habits. [67] For instance, studies have shown that 
GFR estimation based on CysC identifies five 
times more individuals with GFR <60 mL/min/1.73 
m² than Cr-based estimates in South Asian 
populations. [68] Moreover, CysC-based GFR has 
been shown to detect individuals with chronic 
kidney disease (CKD) who are at higher risk for 
adverse outcomes such as cardiovascular disease 
and mortality—risks that may be overlooked when 
relying solely on Cr. [69] 

In clinical practice, the rapid increase in serum 
CysC levels following acute changes in GFR 
makes it a sensitive marker for detecting early 
kidney dysfunction. Its utility extends beyond renal 
function assessment; it has also been studied for its 
role in identifying cardiovascular diseases and 
amyloid-related brain disorders like Alzheimer’s 
disease. [70] 

Despite these advantages, factors such as 
albuminuria must be considered when interpreting 
CysC levels. However, its ability to provide 
accurate kidney function assessment independent 
of ethnic or demographic factors underscores its 
growing importance as a diagnostic and prognostic 
tool in nephrology and beyond. 

Effects of change in serum cystatin levels: Serum 
cystatin C (CysC) levels are influenced by various 

pathological and physiological factors beyond 
glomerular filtration rate (GFR). [71] Thyroid 
dysfunction significantly affects CysC 
concentrations; untreated hyperthyroidism is 
associated with elevated serum CysC levels, which 
normalize following appropriate treatment. 
Conversely, hypothyroidism results in lower serum 
CysC levels that increase upon treatment initiation. 
These findings highlight the impact of thyroid 
hormones on CysC metabolism. [72] 

Other pathological conditions such as obesity, 
inflammation, smoking, and steroid treatments also 
influence CysC levels. For example, higher serum 
C-reactive protein (CRP) and white blood cell 
counts correlate with increased CysC 
concentrations, reflecting inflammatory processes. 
Smoking has been independently linked to elevated 
CysC levels, suggesting systemic effects on renal 
or metabolic function. [73] Additionally, 
albuminuria may interfere with proximal tubular 
reabsorption of CysC due to competition between 
albumin and CysC for megalin-mediated transport, 
leading to increased urinary excretion of CysC. 
[74] Unlike creatinine (Cr), CysC is less affected 
by physiological factors such as age, sex, race, diet, 
and muscle mass. This makes it a more reliable 
biomarker for assessing renal function across 
diverse populations. Studies have demonstrated that 
CysC-based GFR estimation identifies more 
individuals with reduced kidney function compared 
to Cr-based methods, particularly in populations 
like South Asians. Furthermore, CysC provides 
better risk stratification for chronic kidney disease 
(CKD) patients at high risk for cardiovascular 
diseases and mortality. 

For clinical measurement, turbidimetric (PETIA) 
and nephelometric (PENIA) immunoassays are 
commonly employed [75,76] due to their rapid 
processing times, minimal interference from 
substances like hemolysis or lipemia, and improved 
accuracy. Despite its sensitivity to certain 
pathological conditions, the independence of CysC 
from physiological factors ensures its superiority 
over Cr as a marker for renal function in various 
clinical settings. 

 
Table 6: Comparison of Serum Creatinine and Cystatin C77 

Parameter Creatinine Cystatin C 
Renal 
Processing 

Excreted by the kidneys, primarily via 
glomerular filtration, with tubular secretion. 

Freely filtered by the glomeruli, reabsorbed 
and catabolized by proximal tubular cells; 
tubular secretion. 

Factors 
Decreasing 
Levels 

Aging, female sex, South Asian ethnicity, 
malnutrition, neuromuscular disease, and 
hyperthyroidism. 

               Hypothyroidism. 

Factors 
Increasing 

Black ethnicity, higher muscle mass, 
rhabdomyolysis, high-protein diet, 

Chronic inflammation, obesity, 
hyperthyroidism, and chronic smoking. 
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Levels supplements, steroid treatments, and certain 
medications. 

Price and 
Processing Time 

Approximately USD 1; processing time ~15 
minutes. 

Approximately USD 10; processing time 
~1 hour. 

Advantages Widely available; healthcare professionals 
are familiar with its use. 

Less influenced by diet, physical activity, 
or physiological factors. 

Risk 
Identification 

Does not identify risks of death, heart failure, 
or cardiovascular atherosclerotic diseases. 

Identifies risks of death, heart failure, and 
cardiovascular atherosclerotic diseases. 

 
Cystatin C offers greater reliability for assessing 
renal function as it is less influenced by 
physiological factors such as muscle mass or 
dietary intake. It also provides better risk 
stratification for chronic kidney disease (CKD) 
patients and is particularly useful in detecting 
cardiovascular risks that creatinine-based 
assessments may overlook. However, creatinine 
remains more accessible and cost-effective for 
routine use in resource-limited settings. [78] 

Recent implications on the practical aspects of 
determination of eGFR by Cystatin and Serum 
creatinine values difference or their ratios   

The practical importance of using the difference 
(eGFR CysC–eGFR Cr) or the ratio (eGFR 
CysC/eGFR Cr) lies in their ability to provide 
enhanced diagnostic and prognostic insights, 
particularly in patients with chronic kidney disease 
(CKD) and other clinical conditions.  

While creatinine (Cr) and cystatin C (CysC) are 
complementary markers for estimating glomerular 
filtration rate (GFR), discrepancies between the 
two methods can reveal underlying 
pathophysiological changes that may not be 
detected by isolated measurements of eGFR. 
[79,80] In most cases, eGFR values derived from 
Cr and CysC show concordance, but significant 
differences or ratios below 0.70 often indicate 
selective glomerular hypofiltration syndrome 
(SGHS) or shrunken pore syndrome (SPS). [81] 
These syndromes are characterized by reduced 
glomerular permeability for proteins within the 
molecular weight range of CysC, suggesting 
specific alterations in renal function. Such 
discrepancies are associated with more severe 
kidney damage and higher mortality risks across 
various populations, including those with pre-
eclampsia/eclampsia, cardiothoracic diseases, older 

adults, and even healthy individuals. [82,83] 
Recent studies have demonstrated that eGFR CysC 
is often lower than eGFR Cr in patients with CKD, 
a phenomenon linked to adverse outcomes such as 
acute kidney injury (AKI), kidney failure requiring 
replacement therapy (KFRT), cardiovascular 
diseases, heart failure, and all-cause mortality. [85] 
For example, in a large observational study 
conducted in Sweden, patients with eGFR CysC 
values significantly lower than eGFR Cr had a 
higher hazard ratio for these outcomes compared to 
those with similar values from both methods. 
Similarly, research from the Chronic Renal 
Insufficiency Cohort (CRIC) study revealed that 
large differences between eGFR CysC and eGFR 
Cr were strongly associated with incident heart 
failure hospitalizations86. 

The ratio (eGFR CysC/eGFR Cr) and difference 
(eGFR CysC–eGFR Cr) [87] are particularly useful 
for identifying high-risk populations who may not 
meet CKD criteria based on current clinical 
guidelines. These metrics provide better predictive 
value for mortality and cardiovascular risk than 
either marker alone. Moreover, they highlight the 
limitations of relying solely on serum creatinine 
levels for assessing renal function, especially in 
cases where extrarenal factors such as muscle mass 
variations or thyroid dysfunction affect Cr levels.v 
While serum creatinine remains the initial 
biomarker for detecting and staging AKI and CKD 
due to its accessibility and cost-effectiveness, 
incorporating cystatin C into diagnostic protocols 
enhances accuracy. The combined use of Cr and 
CysC-based equations ensures more reliable GFR 
estimation across all stages of CKD. This 
multimodal approach offers improved risk 
stratification and supports timely therapeutic 
interventions for patients at elevated risk of adverse 
renal or cardiovascular outcomes. 

 
Table 7: Clinical Indications for Using Creatinine or Cystatin C 

Clinical Scenario Recommended Approach 
Body Habitus and Muscle Mass Changes 

 

- Extreme Sport/Bodybuilder Use eGFRcys if no comorbidities exist. 
-Above-Knee Amputation Use eGFRcys if no comorbidities; use eGFRcr-cys if 

comorbidities are present. 
- Obesity Class III Use eGFRcr-cys. 
Lifestyle Factors 

 

- Low-Protein, Keto, Vegetarian, or High-
Protein Diet 

Use eGFRcr if there are no changes to non-GFR determinants 
of SCr or comorbid illnesses. 
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- Malnutrition eGFRcr-cys may be less accurate; consider using measured 
GFR (mGFR). 

Muscle Wasting Diseases Use eGFRcr-cys for routine evaluation. 
Steroid Use (Anabolic or Hormonal) Use eGFRcr-cys. 
Medication Effects 

 

- Tubular Secretion Decrease Use eGFRcys if no other comorbidities exist. 
Acute Kidney Injury (AKI) Use eGFRcr for initial assessment. 
Initial GFR Assessment Use eGFRcr for detecting and staging CKD/AKI and 

determining CKD progression. 
 
Notes: 

• Creatinine-based eGFR (eGFRcr) is widely used 
due to its accessibility and cost-effectiveness but is 
influenced by factors like muscle mass, diet, and 
medications. 

• Cystatin C-based eGFR (eGFRcys) is less affected 
by physiological factors such as age, sex, or muscle 
mass, making it more reliable in specific 
populations. 

• Combined creatinine-cystatin C eGFR (eGFRcr-
cys) enhances accuracy in complex cases, such as 
those involving malnutrition, obesity, or comorbid 
conditions. 

Practical uses of Creatinine as a marker of body 
composition 

1. Body Composition Assessment: Clinical and 
Technological Overview 

Body composition analysis evaluates the 
organization of human body compartments, ranging 
from subcellular and cellular levels to the whole 
body. Clinically, body composition is divided into 
two primary compartments: water 
compartments (used to calculate lean and cellular 
mass) and fat mass. These measures are influenced 
by factors such as age, sex, and race. Muscle mass 
is particularly variable across populations, such as 
between children and the elderly, and can be 
significantly altered by physical activity or 
exercise. 

Technologies for Body Composition 
Measurement 

Body composition can be assessed using advanced 
laboratory methods or simpler, indirect techniques: 

Advanced Methods 

1. Dual-Energy X-Ray Absorptiometry (DEXA): 

• Provides precise measurements of bone mineral 
density, lean mass, and fat mass. 

• Ideal for assessing conditions like Relative Energy 
Deficiency in Sport (RED-S) but lacks universal 
reference data. 

2. Magnetic Resonance Imaging (MRI): 

• Quantifies muscle mass, fat distribution (visceral 
and subcutaneous), and adipose tissue 
compartments. 

• Highly accurate but expensive and time-
consuming. 

3. Computed Tomography (CT): 

• Measures adipose tissue distribution at specific 
anatomical landmarks with high correlation to 
whole-body adipose tissue volumes. 

4. Hydrodensitometry and Air Displacement 
Plethysmography: 

• Gold-standard methods for estimating fat-free mass 
and body density but require specialized 
equipment. 

Field Methods 

1. Bioelectrical Impedance Analysis (BIA): 

• Non-invasive, affordable, and widely used in 
clinical settings. 

• Estimates total body water and fat-free mass but 
may be less precise in obese populations. 

2. Skinfold Thickness (SFT): 

• Simple anthropometric technique for measuring 
subcutaneous fat thickness. 

• Useful for non-obese individuals but less accurate 
compared to DEXA. 

Emerging Technologies 

Recent innovations include smartphone-based 
applications, smartwatch BIA, three-dimensional 
optical imaging scanners, and ultrasound. These 
methods balance portability and cost-effectiveness 
but may lack the precision of reference techniques 
like DEXA or MRI [88]. 

Clinical Applications 

Body composition analysis is critical for 
monitoring nutritional status in various populations, 
including patients with cancer, osteoporosis, 
diabetes, cardiovascular disease, malnutrition, 
pregnant women, nursing mothers, and the elderly. 
It aids in evaluating the effectiveness of dietary 
interventions or physical training programs while 
providing insights into disease progression. 

Recommendations 

• For non-obese individuals, BIA or SFT is preferred 
due to their simplicity and affordability. 
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• In obese populations, DEXA is recommended for 
its accuracy in fat mass assessment. 

• Advanced methods like MRI or CT are suited for 
detailed compartmental analysis but are limited by 
cost and accessibility. 

By selecting appropriate techniques based on 
clinical context and patient characteristics, 
healthcare professionals can ensure accurate body 
composition assessments to improve patient 
outcomes. 

2. Assessment of Bioimpedance:  

Bioelectrical impedance analysis (BIA) is a widely 
used method for estimating body composition by 
measuring the opposition to the flow of a low-
intensity electrical current through body tissues. 
This technique differentiates between fat and lean 
tissue based on their electrical properties, as fat 
mass exhibits higher resistance compared to non-fat 
tissues. BIA uses multifrequency currents to assess 
body water distribution: high frequencies (>50 
kHz) penetrate intracellular and extracellular 
compartments, while low frequencies (<50 
kHz) are restricted to extracellular spaces. Total 
body water (TBW) is calculated as the sum of 
intracellular water (ICW) and extracellular water 
(ECW), with lean body mass (LBM) estimated 
using ICW and assuming a constant hydration level 
of 70% [89]. 

In patients undergoing dialysis, BIA measurements 
can overestimate LBM due to abnormal 
compartmental relationships caused by muscle 
wasting and edema. Dialysis-associated edema 
increases ICW beyond the standard reference of 
70%, introducing systematic errors in LBM 
calculations. This highlights the need for 
alternative methods to quantify muscle mass more 
accurately in this population. Creatinine kinetics, 
which directly measure muscle mass, have been 
proposed as an alternative, but data on its 
application remain limited. 

While BIA is non-invasive, affordable, and widely 
accessible, its accuracy depends on technical and 
biological assumptions. Factors such as hydration 
status, edema, and population-specific 
characteristics can influence results. For instance, 
dehydration increases electrical resistance, leading 
to underestimation of fat-free mass and 
overestimation of fat mass. Advanced BIA 
technologies, such as multifrequency BIA (MF-
BIA), improve accuracy by independently 
assessing ICW and ECW. Segmental MF-BIA 
systems further enhance precision by allowing 
localized assessment of limbs and trunk. 

Despite its limitations, BIA remains a practical tool 
for body composition analysis in clinical and 
research settings. However, careful interpretation is 
necessary in cases involving abnormal fluid 

distribution or muscle wasting conditions to avoid 
misclassification of important health conditions 
like sarcopenia or cachexia. 

3. Creatinine Kinetics and Creatinine Index: 
Estimation of Lean Body Mass 

Creatinine (Cr) generation is closely linked to 
muscle metabolism, making it an indirect but 
valuable measure of lean body mass (LBM). 
Approximately 95% of the body’s creatine pool 
resides in skeletal muscle, where it is irreversibly 
converted to Cr at a constant rate. Mitch et al. 
conducted foundational research on creatine 
metabolism in chronic kidney disease (CKD) 
patients, demonstrating that Cr excretion alone 
does not fully account for serum Cr (SCr) levels. 
They observed that as SCr increases, creatine 
undergoes recycling rather than urinary excretion, 
highlighting the need to consider the complete 
metabolism of Cr when estimating LBM. 

Keshaviah later developed a formula for calculating 
LBM in peritoneal dialysis (PD) patients, which 
remains widely used. This method is based on the 
principle that Cr generation is proportional to LBM 
in individuals with stable protein intake. The 
kinetics of Cr involve two components: Cr 
excretion and metabolic degradation. [91] Cr 
excretion includes urinary Cr output in non-dialysis 
patients and Cr content in drained dialysis solutions 
combined with residual renal function. Metabolic 
degradation is proportional to body weight and SCr 
concentrations. In steady-state conditions, the sum 
of Cr degradation and excretion equals the rate of 
Cr production. 

Creatinine kinetics offer a practical approach to 
estimate LBM, particularly in dialysis patients 
where traditional methods may be less accurate due 
to abnormal fluid distribution and muscle wasting. 
For example, bioelectrical impedance analysis 
(BIA) often overestimates LBM in PD patients 
because intracellular water exceeds the standard 
reference value of 70%, introducing systematic 
errors. Creatinine kinetics circumvent this issue by 
focusing exclusively on muscle-derived Cr 
production and excretion. Alternative methods, 
such as D3-creatine dilution techniques [92], have 
been validated for estimating total skeletal muscle 
mass with high accuracy. These methods correlate 
strongly with gold-standard imaging techniques 
like magnetic resonance imaging (MRI) and dual-
energy X-ray absorptiometry (DXA). However, 
creatinine kinetics remain particularly useful in 
clinical settings due to their simplicity and ability 
to account for muscle-specific changes in CKD or 
dialysis populations. 

Despite its utility, creatinine kinetics require 
careful interpretation, as factors like dietary intake, 
renal function variability, and non-muscle sources 
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of Cr can introduce variability. Nonetheless, this 
approach provides a reliable means to assess 
muscle mass and detect conditions like sarcopenia 
or cachexia, which are associated with increased 
morbidity and mortality in CKD patients. 

Creatinine kinetics and the creatinine index (CI) are 
established methods for estimating lean body mass 
(LBM), particularly in patients with chronic kidney 
disease (CKD) undergoing dialysis. Creatinine 
generation serves as an indirect marker of muscle 
mass, as skeletal muscle metabolism is the primary 
source of creatinine production. Early studies by 
Mitch et al. demonstrated that creatinine excretion 
alone does not fully explain serum creatinine (SCr) 
levels, as creatine recycling occurs when SCr 
increases, necessitating consideration of complete 
creatinine metabolism for accurate LBM 
estimation. 

Keshaviah later developed a formula to calculate 
LBM in peritoneal dialysis (PD) patients, which 
accounts for creatinine excretion (urinary output 
and drained dialysis solutions) and metabolic 
degradation proportional to body weight and SCr 
concentrations. This approach assumes a steady-
state condition where the sum of degradation and 

excretion equals creatinine production. Creatinine 
kinetics have since been validated as reliable tools 
for assessing muscle mass, correlating well with 
bioimpedance spectroscopy (BIA) and dual-energy 
X-ray absorptiometry (DEXA) [93]. 

Recent studies by Bhatt et al. highlighted the utility 
of CI and creatinine kinetics as surrogate markers 
for muscle mass in dialysis patients, including 
those on haemodialysis (HD). In HD patients, urea 
distribution has been incorporated into the formula 
to improve accuracy. However, application in PD 
patients remains limited due to the complexity of 
24-hour urine collection and drained PD solution 
measurements. Additionally, dietary factors such as 
meat consumption and creatine supplementation 
can elevate urinary creatinine excretion (UCrE), 
introducing variability into calculations. Despite 
these challenges, the Kidney Disease Outcomes 
Quality Initiative (KDOQI) guidelines recommend 
creatinine kinetics for evaluating muscle mass in 
CKD patients. In anuric HD patients, creatinine 
kinetics rely on pre- and post-dialysis SCr levels. 
While effective, these methods require careful 
interpretation to account for extrarenal factors 
influencing UCrE and SCr levels. 

 
Table 8: Formulas to Calculate the Creatinine Index (CI) 

Parameter Formula 
Edema-Free Lean Body 
Mass (kg) 

LBM=(0.029 kg/mg/24 h)×Creatinine Index (mg/24 h)+7.38 kgLBM=(0.029kg/
mg/24 h)×Creatinine Index (mg/24 h)+7.38kg 

Creatinine Index (mg/24 h) CI=Dialysate Creatinine (mg/24 h)+Urine Creatinine (mg/24 h)+Change in Bod
y Creatinine Pool (mg/24 h)+Creatinine Degradation (mg/24 h)CI=Dialysate Cre
atinine (mg/24 h)+Urine Creatinine (mg/24 h)+Change in Body Creatinine Pool 
(mg/24 h)+Creatinine Degradation (mg/24 h) 

Change in Body 
Creatinine Pool (mg/24 h) 

ΔCr Pool=[SCrf−SCri]×(24Time Interval (h))×[Body Weight (kg)×0.50 (L/kg)]
ΔCr Pool=[SCrf−SCri]×(Time Interval (h)24)×[Body Weight (kg)×0.50(L/kg)] 

Creatinine Degradation 
Rate (mg/24 h) 

0.38 (dL/kg/24 h)×SCr(mg/dL)×Body Weight (kg)0.38(dL/kg/24 h)×SCr(mg/dL
)×Body Weight (kg) 

 
Explanation: 

1. Edema-Free Lean Body Mass (LBM): This 
formula estimates LBM based on the creatinine 
index, adjusted for edema-free body weight. 

2. Creatinine Index (CI): CI is calculated by 
summing creatinine contributions from dialysate, 
urine, changes in the body creatinine pool, and 
metabolic degradation. 

3. Change in Body Creatinine Pool: This 
accounts for fluctuations in serum creatinine 
(SCrf−SCriSCrf−SCri) over a specific time interval 
and body weight. 

4. Creatinine Degradation Rate: Reflects the 
metabolic breakdown of creatine into creatinine, 
proportional to body weight and serum creatinine 
levels. 

These formulas are particularly useful for 
estimating lean body mass and assessing nutritional 
status in patients with kidney disease, especially 
those undergoing dialysis. 

Creatinine kinetics (CK) and the creatinine index 
(CI) are valuable tools for assessing lean body mass 
(LBM) and nutritional status, particularly in 
patients with kidney disease. Creatinine generation 
is closely linked to muscle metabolism, making it 
an indirect marker of muscle mass. However, the 
utility of urinary creatinine excretion (UCrE) as a 
reliable indicator of muscle mass has been debated. 
Studies in healthy individuals suggest that UCrE is 
associated with muscle mass only under conditions 
of consistent dietary intake and accurate 24-hour 
urine collection over consecutive days. In contrast, 
patients with kidney damage, such as those on 
peritoneal dialysis (PD), may exhibit inaccuracies 
in creatinine excretion due to recycling of 
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creatinine back into circulation, leading to elevated 
serum creatinine (SCr) levels. Additionally, 
creatinine losses in drained PD solutions must be 
accounted for to ensure accurate calculations. 

Bioelectrical impedance analysis (BIA) and CK are 
commonly used methods for evaluating body 
composition, each with limitations. BIA is 
influenced by fluid imbalances, which can distort 
measurements of intracellular and extracellular 
water compartments. CK, while providing a more 
reliable estimate of LBM in patients with kidney 
disease, requires meticulous urine collection and 
consideration of dietary factors such as meat 
consumption and creatine supplementation that can 
elevate UCrE.  

In anuric hemodialysis (HD) patients, CK relies on 
pre- and post-dialysis SCr levels to estimate muscle 
mass. Despite these challenges, CK has been 
validated as a surrogate tool for measuring muscle 
mass in dialysis patients. Studies have shown 
strong correlations between LBM measurements 
derived from CK, BIA, and dual-energy X-ray 
absorptiometry (DEXA). Furthermore, CI has been 
recognized as a prognostic marker for protein-
energy wasting, sarcopenia, and mortality 
outcomes in HD patients. It reflects the sum of 
creatinine excretion (urine and dialysate) and 
metabolic degradation rates, offering a 
comprehensive assessment of skeletal muscle 
protein turnover. 

The Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines recommend CK for measuring 
muscle mass in patients with chronic kidney 
disease (CKD).  

Accurate measurement of LBM is essential for 
optimizing nutritional management in CKD 
patients to quantify sarcopenia, monitor energy 
expenditure, and predict mortality risks. While 
advanced imaging techniques like computed 
tomography (CT) or magnetic resonance imaging 
(MRI) provide precise LBM assessments, they are 
often impractical due to cost and accessibility 
constraints. CK offers a simpler alternative that 
integrates clinical data to evaluate muscle mass 
effectively. 

To sum up, CK remains a valuable clinical tool for 
assessing LBM and nutritional status in CKD 
patients despite its technical challenges. Careful 
interpretation of results is necessary to account for 
extrarenal factors influencing creatinine 
metabolism and excretion. By addressing these 
limitations, clinicians can use CK to improve 
nutritional interventions and patient outcomes in 
both dialysis and non-dialysis populations. 

Conclusion:  

Serum creatinine (Cr) remains a widely accessible 
and cost-effective biomarker for estimating 
glomerular filtration rate (GFR) and lean body 
mass (LBM). It is routinely used in clinical practice 
for the detection and staging of acute kidney injury 
(AKI) and chronic kidney disease (CKD). 
However, its interpretation requires careful 
consideration due to its limitations, including its 
dependence on muscle mass, diet, and renal tubular 
secretion. To enhance diagnostic accuracy, 
complementary measurements such as cystatin C 
(CysC) are recommended, particularly in cases 
where Cr-based estimates may be unreliable. CysC 
is less influenced by extrarenal factors and provides 
a more accurate assessment of kidney function for 
medication dosing and treatment decisions. 

Creatinine kinetics (CK) offers an advanced 
approach to directly estimate LBM by considering 
the relationship between Cr generation, excretion, 
and metabolic degradation. This method is 
particularly valuable in patients with CKD or those 
undergoing dialysis, where traditional methods 
such as bioelectrical impedance analysis (BIA) may 
underestimate muscle mass due to fluid imbalances 
or edema. CK accounts for Cr excretion via urine 
and dialysate in dialysis patients while also 
factoring in changes in body Cr pools and 
metabolic degradation rates. Studies have shown 
strong correlations between CK-derived LBM 
estimates and those obtained through dual-energy 
X-ray absorptiometry (DEXA), validating its 
clinical utility. 

Despite its advantages, CK has limitations that 
must be addressed. Accurate measurements require 
24-hour urine collection, which can be 
cumbersome for patients. Additionally, dietary 
factors such as meat consumption and creatine 
supplementation can elevate urinary Cr excretion 
(UCrE), introducing variability into LBM 
calculations. In peritoneal dialysis (PD) patients, 
CK must also account for Cr losses in drained 
dialysate solutions. These factors highlight the need 
for meticulous data collection and interpretation to 
ensure reliable results. 

BIA is another non-invasive tool for assessing body 
composition but is less reliable in patients with 
fluid imbalances or significant edema. Studies 
comparing CK with BIA in PD patients have 
demonstrated that CK provides lower LBM 
estimates but identifies a higher prevalence of 
muscle wasting. This underscores the importance 
of selecting appropriate methods based on the 
clinical context. The measurement of LBM is 
critical for nutritional management in CKD 
patients, as it helps quantify sarcopenia, assess 
energy expenditure, and predict mortality 
outcomes. While advanced imaging techniques like 
DEXA or magnetic resonance imaging (MRI) 
provide precise assessments, their limited 
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accessibility makes CK a practical alternative in 
routine clinical practice. 

In conclusion, while serum Cr remains an essential 
tool for initial GFR assessment, integrating 
complementary biomarkers like CysC and 
advanced methods such as CK enhances diagnostic 
precision. CK is particularly valuable for 
estimating LBM in dialysis patients, offering 
insights into nutritional status and muscle wasting 
that can guide therapeutic interventions. Future 
research should focus on refining these techniques 
to improve their accuracy and applicability across 
diverse patient populations. 
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