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Abstract

Purpose of review: Current biomarkers for chronic kidney disease (CKD) are limited by lack 

of sensitivity and inability to prognosticate CKD progression. Significant recent research has 

better characterized novel biomarker candidates that are associated with CKD progression and 

cardiovascular mortality in CKD. This review discusses the most significant advances within the 

past year.

Recent findings: We discuss biomarkers for outcomes in CKD under two categories: (1) 

Emerging (defined as having been validated in an independent cohort) which include serum 

Cystatin C, serum β-trace protein, β2-microglobulin, suPAR, soluble Tumor Necrosis Factor 

Receptors 1/2, urinary monocyte chemotactic protein-1, neutrophil gelatin associated lipocalin, 

Kidney Injury Molecule-1 and Fibroblast Growth Factor-23 and (2) Novel (which have shown 

associations in smaller observational studies but have not been validated yet) which include 

indoxyl sulfate, p-cresyl sulfate, trimethylamine-N-oxide, inteleukin-18, Klotho, markers of 

endothelial dysfunction, vimentin and procollagen type III N-terminal propeptide. Further, we 

also discuss future directions for biomarker research including unbiased –omics approaches.

Summary: There are a number of promising biomarkers that can better prognosticate outcomes 

in and progression of CKD. Further research is warranted to examine whether these biomarkers 

validate independently as well and if their incorporation improves clinical practice and/or trial 

enrollment.
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Introduction:

Chronic kidney disease (CKD) is highly prevalent in the US, leading to progression to end 

stage renal disease (ESRD) and an increase in cardiovascular mortality. Current biomarkers 

are limited in their ability to prognosticate CKD progression and mortality.(1) As the need 

for more sensitive biomarkers has been increasingly recognized over the past decade, the 

number of biomarker candidates for CKD has dramatically expanded from both animal 

models and in-vitro human studies.
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As a general principle, biomarkers allow clinicians to accurately and reproducibly measure 

a biologic substance that is an indicator of a biologic process. An effective biomarker for 

CKD and its progression would have the following attributes: (1) Allow for detection early 

in the disease process; (2) Effectively risk stratify patients who will progress to ESRD; 

(3) Prognosticate CKD progression and mortality; (4) Cost-effective; (5) Stable in solution; 

(6) Widely available testing in clinical labs with timely results; and (7) Be independent of 

and/or represent different pathophysiological pathways compared to conventional markers. 

Additionally, since CKD patients are widely underrepresented in clinical trials and clinical 

trials in nephrology leave much to be desired, newer biomarkers can potentially identify 

patients that are likely to progress and/or have specific endophenotypes, leading to shorter, 

more efficient clinical trials.(2,3)

In this review, we will review the most recent developments in biomarkers for CKD 

progression and outcomes. We will summarize the most current evidence over the 

past year, and discuss future directions for the field. We will discuss both serum and 

urine biomarkers. Serum biomarkers are more stable in solution and may have better 

discriminative performance for AKI, whereas urinary biomarkers are easier to collect 

noninvasively.(4)

We have categorized biomarkers for CKD progression into “emerging” versus “novel” 

biomarkers, based on their level of evidence. “Emerging” biomarkers have been examined 

in multiple studies, and have been validated independently in separate cohorts, whereas 

“novel” biomarkers may show an association in single or a few observational studies with 

smaller sample sizes and need further validation.

Weaknesses of Conventional Biomarkers:

The conventional biomarkers for CKD prognostication include estimated glomerular 

filtration rate (eGFR) by serum creatinine (eGFRcrea) and albuminuria. However, in patients 

with preserved renal function, eGFRcrea and albuminuria are only modestly useful for 

risk prediction.(5) In addition, albuminuria has significant limitations including regression 

either spontaneously or after therapy. Recent epidemiologic studies have also demonstrated 

CKD progression without albuminuria.(6,7) Thus newer markers are needed, to implement 

preventive efforts early, improve clinical trials and shed light on therapeutic targets.

Emerging Biomarkers:

We highlight a few biomarkers as “emerging” biomarkers that have been well associated 

with CKD progression and validated in multiple cohorts and focus on published studies 

especially in the last year. (Figure 1)

Serum Cystatin C

Cystatin C is an inhibitor of cysteine proteases, and is a more specific filtration marker 

of CKD than creatinine, varying less by age, sex, race, or muscle mass. However, levels 

may be affected in patients with cancer, thyroid dysfunction, HIV, and other conditions. A 

recent meta-analysis of 19 studies compared the accuracy of cystatin C-based estimates of 
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GFR with GFR measured by nuclear medicine techniques.(8) Cystatin C had a sensitivity 

and specificity of 0.85 and 0.87 for detecting CKD. Another meta-analysis of 16 studies 

demonstrated that use of cystatin C improved reclassification of risk for both ERSD and 

death.(9) In addition, proteoforms of Cystatin C have been recently found to be elevated in 

diabetic patients with mild CKD and could represent a potential new avenue of investigation.

(10) Cystatin C has been well studied and is available inexpensively in some clinical 

laboratories, and is already being integrated into routine clinical care, especially where 

serum creatinine is known to be inaccurate.

Serum β-trace protein (BTP) and β2-microglobulin (B2M)

Serum β-trace protein (BTP), a prostaglandin synthase, and β2-microglobulin (B2M), 

a cause of dialysis-related amyloidosis, are filtration and immunologic markers. In the 

Chronic Renal Insufficiency Cohort (CRIC) study, BTP and B2M were independent 

predictors of ESRD and all-cause mortality beyond eGFRcrea.(11) In a recent study, a 

4-marker composite score including BTP, B2M, serum creatinine and cystatin C was 

also an independent predictor of ESRD and mortality, and more strongly associated with 

these outcomes compared with eGFRcrea. This was seen in a pooled analysis of several 

cohorts including the MDRD [Modification of Diet in Renal Disease] Study, AASK 

[African American Study of Kidney Disease and Hypertension], and CRIC [Chronic Renal 

Insufficiency Cohort] Study). Thus, a multimarker estimation of renal function seems to 

be robust and although, not ready for clinical use as yet, could represent an advance in 

estimating kidney function.(12)

suPAR

Soluble urokinase-type plasminogen activator receptor (suPAR) is the circulating form of a 

membrane protein that is expressed on endothelial cells and podocytes and is involved in cell 

adhesion. In preclinical and small human studies, suPAR was postulated to have be involved 

in the pathogenesis of some forms of kidney disease, however its pathogenic role is still 

controversial.(13) However, higher suPAR levels were associated with CKD progression, 

in a large cohort study of 3683 patients from the Emory Cardiovascular Biobank and 

these results were validated in a smaller patient population in the Women’s Interagency 

HIV Study (WIHS).(14) SuPAR levels showed a graded relationship with longitudinal 

eGFR decline and incident CKD and these associations were independent of proteinuria. 

However, suPAR was overall associated with a change in eGFR of only 0.9 percentage 

points and proteinuria was only measured on a semi-quantitative basis.(15) Despite these 

study limitations, suPAR could be an important marker for longitudinal renal decline.

Soluble Tumor Necrosis Factors Receptor 1 and 2 (sTNFR1/2)

TNF is a pleotrophic cytokine that is produced predominantly by immune cells that 

can function in its membrane bound form or can be released as a soluble circulating 

17kDa polypeptide upon cleavage by a metalloproteinase.(16–18) TNF may bind to two 

transmembrane receptors designated TNFR1 (p55 or CD120a) or TNFR2 (p75 or CD120b).

(19,20) TNFR1 is present primarily in glomeruli and endothelial cells while TNFR2 is 

only expressed transcriptionally in renal cells in various kidney diseases.(21,22) Although 

TNFR2 functions as a ligand presenting receptor to TNFR1, it may have independent 
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functions.(23) Several recent studies have shown that sTNFR1/2 are robust markers for 

prognostication of renal functional decline in DKD.(24–26) Further studies assessing them 

as part of multidimensional panels are needed to assess their utility in clinical practice and as 

part of trial enrichment biomarkers.

Urinary monocyte chemotactic protein-1 (MCP-1)

MCP-1 is a chemokine that promotes recruitment and transformation of monocytes into 

macrophages. (27) Kidney cells secrete MCP-1 in response to inflammatory stimuli and 

MCP-1 is upregulated as part of ongoing inflammation. (28) Several studies have shown 

that urinary MCP-1 is an independent predictor in diabetic kidney disease.(29,30) A 

recent study demonstrated that urinary MCP-1 to creatinine ratio is predicts sustained 

eGFR change independent of albuminuria and improved risk discrimination when added to 

other traditional predictors of kidney disease.(31) Thus, pending further validation, urinary 

MCP-1 may serve as a useful component assessing inflammation in multidimensional panels 

for renal functional decline.

Neutrophil gelatin associated lipocalin (NGAL)

NGAL, a ubiquitous lipocalin iron-carrying protein is highly expressed in renal tubular 

epithelium and released following renal damage. Although it was initially identified as an 

early biomarker for AKI, and considering that AKI and CKD might be interlinked, there 

has been great interest in identifying NGAL as a biomarker for CKD.(32,33) However, 

the evidence for NGAL as a biomarker has been conflicting till date. In the ARIC study, 

urinary NGAL was associated with higher risk of stage 3 CKD and in Pima Indians with 

type 2 diabetes NGAL/Cr was associated with increased ESRD risk.(34,35) In contrast, a 

recent study from the same ARIC cohort demonstrated that NGAL/Cr was not associated 

with a higher risk of ESRD.(36) These studies differ by the definition of outcome as well 

as unstandardized biomarker measurements/normalization across studies. Further studies 

with standardized outcomes and biomarker measurements across heterogenous cohorts are 

needed to assess the utility of NGAL.

Kidney Injury Molecule-1 (KIM-1)

KIM-1 is a transmembrane glycoprotein that is expressed in the apical membrane of 

proximal tubular cells in response to injury.(37) Urinary KIM-1 levels rise in renal tubular 

injury and it is modestly associated with AKI.(38) The literature on urinary KIM-1 and 

CKD progression is conflicting. A study from the Multi-Ethnic Study of Atherosclerosis 

(MESA) cohort demonstrated that urinary levels of KIM-1 were associated with incident 

CKD and rapid renal function decline.(39) Conversely, other studies have not demonstrated 

any significant associations between urinary KIM-1 and renal outcomes.(31,40) However, a 

single study has shown that serum KIM-1 at baseline predicted eGFR loss and ESRD during 

upto 15 years of follow up in patients with type 1 diabetes mellitus. Further study is required 

in larger, more heterogenous cohorts before assessing whether KIM-1 is an independent 

prognosticator of CKD.
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Fibroblast Growth Factor-23

Fibroblast Growth Factor-23 (FGF-23) is a circulating peptide that mediates phosphate 

metabolism by decreasing the expression of the sodium-phosphate cotransporter NPT2 

in the proximal tubule, thus increasing phosphate excretion. FGF-23 has been previously 

associated with mortality, ESRD risk and cardiovascular events in large multiethnic cohorts.

(41–43)

In addition, recent research suggests that FGF-23 may be a noninvasive indicator of carotid 

artery intima-media thickness. In a cohort of 91 patients with CKD stage 3 – 4, FGF-23 

level was an independent predictor of intima-media thickness.(44) Thus, FGF23 might not 

just be a marker for incident CKD, but also cardiovascular complications in CKD. Whether 

FGF23 is a therapeutic target and changes lead to better outcomes will be investigated by the 

COMBINE study (CKD Optimal Management With BInders and NicotinamidE).(45)

Novel Markers:

Recent research has identified many “novel” biomarkers, which show associations in a 

smaller number of observational studies and call for further research. (Figure 1)

Indoxyl sulfate (IS) and p-cresyl sulfate (PCS)

A recent meta-analysis from 11 studies found that IS and PCS, two uremic retention toxins 

that promote inflammation, were independently associated with cardiovascular events and 

mortality in CKD patients.(46) However, these results may not be clinically significant given 

small effect sizes.

Trimethylamine-N-oxide (TMAO)

TMAO is a metabolite of gut microbiota, and is linked to inflammation, aging, and 

CVD. TMAO was found to be independently associated with mortality and inflammatory 

biomarkers in a cohort of 179 patients with CKD Stage 3–5.(47) Further research is 

warranted, especially in conjunction with microbiota sequencing studies.

Inteleukin-18 (IL-18)

Urinary IL-18 is a proinflammatory cytokine which is up-regulated in response to ischemia 

reperfusion injury.(48) While urine IL-18 has been shown to distinguish acute tubular 

necrosis from prerenal AKI, studies in CKD are lacking. (49,50) Studies in HIV positive 

patients demonstrate CKD progression with increased urinary IL-18.(51) However, a recent 

study showed there was no association of urine IL-18/Cr levels and renal function decline in 

type 2 diabetics with preserved renal function.(31) Thus, it is possible that urine IL-18 offers 

only prognostic information for AKI but not of progression of CKD.

Klotho

Klotho is a transmembrane protein related to beta-glucouronidases, and Klotho deficiency is 

associated with aging and accelerated atherosclerosis. Klotho is produced by the kidney and 

is a co-receptor for FGF23, and may be renal protective through RAS blockade and other 

mechanisms.(52) Recent work has shown that Klotho-deficient CKD mice had increased 

Tummalapalli et al. Page 5

Curr Opin Nephrol Hypertens. Author manuscript; available in PMC 2021 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cardiac hypertrophy, independent of FGF23 and phosphate.(53) Further studies are needed 

to disentangle the complicated relationship between FGF23, Klotho and CKD.

Endothelial dysfunction

Markers of endothelial dysfunction have been understudied in CKD. In a recent case­

control study with 201 cases and 201 community-based controls without CKD, associations 

with the following biomarkers were demonstrated: asymmetric dimethylarginine (ADMA), 

L-arginine, soluble vascular adhesion molecule-1 (sVCAM-1), soluble E-selectin (sE­

selectin), and von Willebrand factor (vWF).(54) Whether these markers individually or in 

combination, improve risk prediction and prognostication for CKD remains to be studied in 

larger cohorts.

Vimentin

Vimentin is a type III intermediate filament, and novel research indicates that urinary 

vimentin that may serve as a biomarker of renal fibrosis. Vimentin urinary mRNA levels 

were found to be 9.99-fold greater in CKD patients vs. controls, and correlated with 

proteinuria and renal fibrosis scores on biopsy.

Procollagen type III N-terminal propeptide (PIIINP)

PIIINP is cleaved from type 3 collagen during its deposition in the extracellular matrix 

and then is released into the urine or blood. Biopsy studies demonstrated that urine PIIINP 

is associated with histopathologic tubulointerstitial fibrosis.(55) A recent analysis from the 

Cardiovascular Health Study (CHS) cohort demonstrated that higher levels were associated 

with higher odds of CKD progression in older participants.(56)

Future Directions:

With advances in –omics techniques (genomics, metabolomics, proteomics, and 

transcriptomics) and improved computational approaches, the horizons for biomarker 

discovery have been expanded. (Figure 2) However, there are significant barriers to adopting 

many of these techniques into clinical practice, including cost, feasibility, and accessibility 

of laboratory testing.

Because the kidney clears small molecules, metabolite concentrations may be associated 

with CKD incidence and progression. A recent study used gas and liquid chromatography 

coupled to mass spectrometry, to analyze 493 small molecules and found that C­

mannosyltryptophan, pseudouridine, N-acetylalanine, erythronate, myo-inositol, and N­

acetylcarnosine were associated with CKD in the general population.(57) Another study 

identified certain metabolites including citrulline and choline (renal metabolism markers) 

and kynurenic acid (secretion marker) which improve prediction of CKD beyond that 

accorded by baseline eGFR and proteinuria alone.(58)

Computational approaches using high-resolution plasma proteome analysis can 

simultaneously analyze thousands of plasma proteins, which may yield higher diagnostic 

accuracy. One plasma proteome analysis identified a CKD association with lysozyme C and 
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leucine-rich alpha-2 glycoprotein, which are involved in neovascularization and heart failure.

(59) A proteomic classification score based on 273 different proteins has been recently 

developed which predicts progression of CKD above and beyond albuminuria and clinical 

variables which had a significantly better diagnostic accuracy for chronic kidney disease 

than albuminuria in both diabetic and non-diabetic kidney disease.(60,61)

With growing expertise in transcriptomics, biopsy transcription driven techniques could 

identify biomarkers that subendophenotype patients for risk of disease progression. Recent 

research has identified epidermal growth factor (EGF), a tubule-specific protein as an 

independent predictor of CKD progression.(62)

Finally, biomarkers for disease progression need to be identified in ethnic minorities who are 

at high genetic risk of progression due to ApolipoproteinL1 (APOL1) risk variants.(63) A 

combination of genetic markers and biomarkers may be used for risk stratify this vulnerable 

population for early intervention and disease management.

Conclusions:

Several novel biomarkers for CKD are emerging, while the majority of research remains 

in early stages. Numerous prospective biomarkers need rigorous validation in larger 

populations and independent cohorts. -Omics approaches have significant potential for 

biomarker discovery. Cost and accessibility remain barriers before these biomarkers can 

be integrated into clinical practice. Analyzing biomarkers in combination is useful, which 

calls for further research into statistical methodology designing models and alternative 

approaches such as machine learning.(62,64) While novel independent associations are 

interesting, biomarkers alone or in combination, should add to risk discrimination or 

illuminate newer pathogenic pathways.
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Key Points:

• Recent research has led to discovery and validation of novel biomarkers that 

improve risk prognostication of renal decline over traditional markers such as 

serum creatinine and proteinuria

• Novel biomarkers have been identified that might outperform traditional 

markers and elucidate pathogenic pathways but need validation

• Advances in –omics approaches may lead to biomarkers that could 

subendophenotype chronic kidney disease patients at risk of renal 

progression.
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FIGURE 1. 
List of emerging and novel biomarker and broad pathophysiologic characteristics. ADMA, 

asymmetric dimethylarginine; b2M, b2-microglobulin; CKD, chronic kidney disease; 

FGF23, fibroblast growth factor 23; KIM-1, kidney injury molecule-1; MCP-1, monocyte 

chemotactic protein-1; NGAL, neutrophil gelatin-associated lipocalin; PIIINP, procollagen 

type III N-terminal propeptide; sE, soluble E-selectin; sTNFR1/2, soluble tumor necrosis 

factors receptor 1 and 2; suPAR, soluble urokinase-type plasminogen activator receptor; 

sVCAM, soluble vascular adhesion molecule-1; TMAO, trimethylamine-N-oxide; vWF, von 

Willebrand factor.
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FIGURE 2. 
Various forms of –omics relevant to discovery of new biomarkers for chronic kidney disease 

(CKD).
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