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Abstract 
Diabetic kidney disease (DKD) remains the leading cause of the end-stage renal disease (ESRD) and the most common reason for renal 
replacement therapy. Research has been carried out for years to find a marker that would enable early identification of people at risk 
of DKD occurrence, as well as people who will progress from DKD to ESRD. With regard to daily medical practice, the only existing 
prognostic biomarkers in DKD remain urine albumin-creatinine ratio based on the urinary assessment of albumin and creatinine, and 
estimated glomerular filtration rate — on the basis of serum creatinine concentration. The development of other biomarkers that would 
enable the identification of patients at risk of DKD, the stratification of the risk of progression to ESRD, as well as the creation of person-
alised therapy is currently of great interest. This article discusses selected studies in this field, which have been published in recent years. 
(Endokrynol Pol 2020; 71 (6): 545–550)
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Introduction 

Along with increasing prevalence of diabetes, the inci-
dence of its vascular complications is rising. One such 
complication is diabetic kidney disease (DKD), which 
is now the leading cause of end-stage renal disease 
(ESRD). Another major problem is that DKD, like type 2 
diabetes mellitus (T2DM) per se, remains asymptomatic 
for many years, which indicates the need for periodic 
screening to diagnose this complication. Importantly, 
the presence of DKD at any stage is associated with 
higher risk of death from cardiovascular causes than 
with progression to the next stage of chronic kidney 
disease (CKD), and cardiovascular events remain the 
most common cause of death in DKD patients [1–4]. 
Therefore, to reduce this risk, the therapeutic goal 
should not only be to prevent the onset of DKD but also 
to prevent its progression to ESRD [5]. For this reason, 
new biomarkers defined by the US Food and Drug Ad-
ministration (FDA) as specific measurable features that 
are indicators of normal biological processes, pathologi-
cal processes, or response to exposure or intervention 
are sought [6]. 

Classic prognostic biomarkers, used in everyday 
practice as an element of screening procedures for DKD, 
are urine albumin-creatinine ratio (UACR) and esti-
mated glomerular filtration rate (eGFR) [7, 8]. These are 

recommended by standards of management of patients 
with diabetes, both national [9] and international [10]. 
However, it transpires that these tests do not allow the 
detection of people at risk of developing kidney damage 
(before there is an increased excretion of albumin in the 
urine or a decrease in eGFR). Moreover, some critical 
voices refer to the role of albuminuria as a biomarker of 
DKD progression, because it is neither a sensitive nor 
specific indicator, and a significant number of people 
with kidney damage in the course of DKD are not af-
fected by albuminuria. Nevertheless, if albuminuria 
occurs, it is a significant cardiovascular risk factor. In 
addition, albuminuria does not differentiate kidney 
damage induced by diabetes from other causes, which 
is especially important in T2DM. The development 
of prognostic biomarkers, other than eGFR and albu-
minuria, which could enable both the identification of 
patients at risk of DKD and the stratification of the risk 
of progression to ESRD and the creation of personalised 
therapy, is of great interest nowadays. 

Why do we need new prognostic 
biomarkers in DKD?

Doctors face the difficult task of identifying patients at 
risk not only of the occurrence of DKD itself, but also 
of the progression to more advanced stages, and of 
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for research is based on the pathophysiological reasons 
for the development of DKD [16]. However, the oppo-
site scenario is possible — for example, genome-wide 
association studies (GWAS) [17, 18] or proteomics 
studies identify genes or proteins significantly related 
to the occurrence of a given disease phenotype, and 
pathophysiological relationships between a given bio-
marker and development of the disease are unknown. 
Therefore, the search for biomarkers also broadens the 
knowledge of the pathophysiology of diseases, focusing 
the researchers’ attention on explaining the relation-
ship between the newly identified biomarker and the 
mechanism of disease development. 

Regarding the early detection or prediction of DKD 
development, the most frequently studied molecules 
are inflammatory and fibrotic markers such as tumour 
necrosis factor 1 and 2 receptors (TNFR1 and TNFR2) 
[19, 20] or fibroblast growth factor 21 (FGF 21) [21], as 
well as biomarkers of myocardial damage, such as the 
N-terminal pro-B-type natriuretic peptide (NT-proBNP)  
[22] or haemodynamic stress biomarkers, such as co-
peptin (a stable fragment of the pre-pro-vasopressin 
hormone that allow indirect testing of the concentration 
of this hormone) [23] and proteins indicating proximal 
urethral damage, i.e. kidney injury molecule 1 (KIM-1) 
and neutrophil gelatinase-associated lipocalin (NGAL) 
[24]. In recent years, the interest of researchers has also 
been attracted by such molecules as epidermal growth 
factor (EGF) [25–27], Klotho protein [28, 29], and TGFb1 
inhibitor, i.e. bone morphogenetic protein 7 (BMP-7), 
whose reduced concentration is associated with the 
progressive course of DKD [30]. EGF is a regulator of 
many metabolic processes. In a study from the Joslin 
Kidney Study of 1032 T2DM patients, decreased urine 
EGF concentration was associated with an increased 
risk of early progression of DKD [31]. The protective 
effect of EGF was even more pronounced when it 
was standardised against the monocyte chemotactic 
protein 1 (MCP-1) and assessed as an EGF/MCP-1 ratio 
[27]. Another assessed biomarker is the Klotho protein, 
which was originally identified as an anti-aging protein. 
Klotho protein is a co-receptor of fibroblast growth fac-
tor 23 (FGF23) and is mainly synthesised by the renal 
tubules [28]. It has been shown that decreased Klotho 
protein levels were associated with the risk of pro-
gressing DKD [32–35]. Another promising biomarker 
mentioned above is the TGFb1 inhibitor, whose gene 
was identified in the latest GWAS study as potentially 
related to DKD [36]. It has been shown that people 
with lower BMP-7 levels had a higher risk of develop-
ing DKD [30]. 

In order to increase the strength of the scientific 
evidence and prove that it applies to the entire popula-
tion of DM patients, the results of these studies require 

identifying people whose disease progression will be 
rapid. For many years, the “albumin-centric” definition 
of DKD dominated, in which the occurrence of microal-
buminuria was considered the beginning of DKD, and 
the progression of the disease was always the same, i.e. 
overt proteinuria, then the eGFR decreased, and finally 
ESRD occurred [11]. 

For many years, the most common marker of early 
kidney damage in DKD has been an increased UACR 
value, but this indicator has significant limitations. We 
currently know that the DKD phenotype is not as 
homogeneous as it seemed, and a significant percent-
age of patients progress to more advanced stages of 
DKD despite normal urine albumin excretion, both in 
type 1 diabetes (T1DM) and T2DM. The occurrence of 
albuminuria is also an event that occurs quite late in 
the natural history of DKD (its appearance is caused 
by already existing structural disorders, resulting in 
impaired functions of both the glomerulus and renal 
tubules). The urine albumin-creatinine ratio should 
therefore not be taken as an early failure indicator; 
on the contrary, one should look for biomarkers that 
predict the occurrence of albuminuria. Moreover, not 
all patients with elevated UACR values will have the 
disease progression to the end stage. Besides, a novelty 
is also that DKD may be characterised by rapid disease 
progression to ESRD, with the time between normal 
kidney function and its declining stage between 2 and 
10 years [12]. For this reason, a biomarker that will reveal 
both the risk of DKD before significant kidney damage 
occurs and will allow the selection of people at risk of 
disease progression is needed.

New prognostic biomarkers of DKD

Because the type of diabetes is irrelevant for any of the 
biomarkers of DKD, there is no distinction between 
type 1 and 2 of the disease regarding this term. Stud-
ies assessing the possibility of using eGFR to estimate 
the risk of ESRD have shown that the progress of DKD 
can be predicted based on the observation of the initial 
course of the loss of glomerular filtration function (se-
rial eGFR measurements over time) [13, 14]. Moreover, 
while remaining within the scope of the assessment of 
the glomerular filtration, it transpires that estimating it 
using cystatin C, and not serum creatinine, is a better 
method of predicting the risk of DKD course regardless 
of the type of diabetes [15]; therefore, cystatin C can be 
considered as a new predictive biomarker in DKD. Most 
research on new prognostic indicators of DKD develop-
ment are based on single molecules that are candidate 
biomarkers or small collections (from a few to over 
a dozen) of such molecules that can be determined dur-
ing one analysis. The selection of molecules (candidates) 
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confirmation in larger patient populations. In addition 
to the studies on the biomarker candidate evaluation 
(in which the search is based on the hypothesis of the 
relationship of a specific molecule with the patho-
physiological process), in recent years new research 
called “omics” studies has been carried out. This is 
a relatively new field in which very large samples 
of data are assessed by consortia, and they include 
genomics (i.e. genome research), epigenomics (i.e. the 
assessment of chemical modification of genetic mate-
rial), transcriptomics (i.e. the evaluation of mRNA and 
miRNA), proteomics (i.e. the evaluation of proteins), 
metabolomics (i.e. the evaluation of metabolites), and 
lipidomics (i.e. the evaluation of lipids). Important 
elements of such research are information technology 
and mathematical and analytical systems [37]. The 
consortia dealing with DKD include the following: Risk 
Assessment and Progression of Diabetes (RHAPSODY), 
Surrogate markers for Micro-and Macro-vascular Hard 
Endpoints for Innovative Diabetes Tools (SUMMIT), 
and Biomarker Enterprise to Attack Diabetic Kidney 
Disease (BEAt-DKD) [38–40]. The SUMMIT consortium 
analysis revealed that two proteins, namely KIM-1 and 
b2 microglobulin, were found to be important predic-
tive biomarkers of rapid progress in eGFR decline [41]. 
Subsequent analysis took a step forward and allowed 
the simultaneous identification of large groups of po-
tential markers of the risk of DKD progression derived 
from proteomic, metabolomic, and lipidomic analysis 

[42, 43]. The first of such “omics” studies designed to 
search for prognostic markers in DKD was conducted 
by the BEAt-DKD consortium [44], which assessed 
lipid and protein biomarkers and metabolic factors to 
predict the rate of eGFR reduction in the early stages 
of CKD in diabetic patients as an addition to clinical 
risk factors for DKD. It was shown that KIM-1 (and to 
a lesser extent — NTproBNP) influenced the dynamics 
of eGFR loss significantly, but further research in this 
area is necessary. In addition, it is worth mentioning the 
test assessing a panel of 273 proteins and peptides de-
termined in urine using mass spectrometry, known as 
CKD273 (CKD classifier 273), which has been available 
since 2017 as a commercial test (http://mosaiques-di-
agnostic.de/mosaiquie-diagnostics). Its usefulness in 
the determination of the risk of DKD progression was 
confirmed in the PRIORITY trial (Proteomic Prediction 
and Renin Angiotensin Aldosterone System Inhibition 
Prevention Of Early Diabetic nephRopathy In TYpe 2 
Diabetic Patients With Normoalbuminuria), the results 
of which were published in April 2020 [45]. The PRIOR-
ITY trial is also intended to help identifying patients 
best responding to renin-angiotensin-aldosterone 
system inhibition [46]. It seems that the CKD273 panel 
is today a tool that comes closest to the “proteomic 
biopsy” expected by many nephrologists (not to say 
— dreamed of). 

New prognostic biomarkers are summarised in 
Table 1.

Table 1. New prognostic biomarkers for diabetic kidney disease (DKD) and their basic characteristics

Biomarker Pathophysiological role Association with DKD

Tumour necrosis factor 1 
receptor (TNFR1)

One of the major receptors for tumour necrosis factor-
alpha; can activate the transcription factor NF-kB, 
mediates apoptosis and function as a regulator of 

inflammation.

Elevated serum TNFR1 concentration is associated 
with increased risk of ESRD in T2DM

Tumour necrosis factor 2 
receptor (TNFR2)

Together with TNFR1 forms a complex that mediates the 
recruitment of anti-apoptosis proteins (c-IAP1 and c-IAP2)

Elevated serum TNFR2 concentration is associated 
with increased risk of end-stage renal disease T2DM

Fibroblast growth  
factor 21 (FGF21)

Stimulates glucose uptake in adipocytes, and this effect  
is additive to the activity of insulin

Serum FGF-21 concentration is positively associated 
with UACR in T2DM patients

N-terminal pro-B-type 
natriuretic peptide  
(NT-proBNP)

It is a biomarker of myocardial damage, used for diagnosis 
of acute congestive heart failure and to establish its 

prognosis

NT-proBNP is associated with renal disease 
progression

Copeptin It is a stable fragment of the pre-pro-vasopressin  
and a hemodynamic stress biomarker

Copeptin concentration is associated with declining 
eGFR in patients with DM

Kidney injury molecule-1 
(KIM-1)

It is a good marker of active/ongoing tubular damage  
but not tubular scarring

Elevated concentration of KIM-1 is associated  
with a faster decline in eGFR

Neutrophil gelatinase-
associated lipocalin 
(NGAL)

It is produced as a response to tubular injury and therefore 
is representative of the functioning tubular mass

Elevated concentration of NGAL is associated  
with a faster decline in eGFR

Epidermal growth factor 
(EGF)

It is a tubule-specific protein, which modulates tissue 
response to injury in kidneys with tubulointerstitial 

damage

Its decreased urine concentration is associated  
with an increased risk of early progression of DKD
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The effect of the “newer” antidiabetic 
agents on DKD biomarkers

Recent years have brought a lot of data on nephro-
protective effect of the new antidiabetic agents, like 
sodium-glucose transport protein 2 inhibitors (SGLT2i) 
or glucagon-like peptide 1 receptor agonists (GLP1- RA), 
but until now very limited data in humans are available 
regarding their impact on modern urinary biomarkers 
[49]. Some animal studies have demonstrated that both 
SGLT2i and GLP1-RA modify the expression of several 
cytokines or elements of oxidative stress or fibrosis 
pathways in renal tissue itself, but urine biomarkers 
seem not to have been analysed [50]. Nevertheless, in 
the nearest future we should expect several secondary 
analyses of both cardiovascular outcome trials and tri-
als with pre-defined renal endpoints, which will report 
the impact of newer glucose-lowering drugs on urine 
biomarkers in patients participating in these landmark 
trials. As for today, such analyses seem to be largely lim-
ited to “classical” biomarkers, such as albuminuria [51].

Conclusions

Despite many completed and on-going studies of 
new prognostic biomarkers in the development and 
progression of DKD, only UACR and eGFR have been 
routinely used as DKD biomarkers for many years.  It 
seems that due to the multifactorial background of 
DKD, (including both genetic and environmental fac-
tors), and despite the modern technological progress 
(both in terms of the development of new diagnostic 
methods and models of bioinformatics analysis), the 
introduction of new DKD prognostic biomarkers into 
everyday medical practice is not an easy task. How-
ever, it is certainly not impossible, and it is hoped that 
the results of the on-going research will provide new 
answers soon.
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