
Recent evidence in the etiology and treatment
for diabetic kidney disease
Diabetic kidney disease (DKD) is a
microvascular complication of diabetes
and the leading cause of end-stage renal
disease (ESRD) in many countries.
Recently, accumulated evidence has pro-
vided new insights into the etiology and
treatment for DKD.
Albuminuria and decline of estimated

glomerular filtration rate (eGFR) are
characteristic features of DKD, and a risk
factor for progression to ESRD and car-
diovascular diseases (CVD). Baseline data
of Japan Diabetes Complication and its
A prevention prospective study showed
that the prevalence of albuminuria is
approximately 30% in Japanese patients
with type 2 diabetes1. This value is lower
compared with the data of previous stud-
ies, suggesting that the prevalence of
albuminuria has recently been decreasing.
Yokoyama et al.2 analyzed the prognosis
of DKD without albuminuria (non-albu-
minuric DKD) in their follow-up study
(JDDM54). They divided Japanese patients
with type 2 diabetes into four DKD phe-
notypes on the basis of albuminuria
(>30 mg/g creatinine) and reduced eGFR
(<60 mL/min/1.73 m2) at baseline: (i) no-
DKD; (ii) albuminuric DKD without
reduced eGFR; (iii) non-albuminuric
DKD with reduced eGFR; and (iv) albu-
minuric DKD with reduced eGFR. As a
result, in non-albuminuric DKD, the risks
of death or CVD were not higher than
those with the no-DKD phenotype, and
the annual decline in eGFR was slower
than in other DKD phenotypes during
the mean follow-up period of 9.7 years.
They conclude that non-albuminuric
DKD did not have a higher risk of death,
CVD or renal function decline than the
other DKD phenotypes. It is important to

measure albuminuria for early diagnosis
of DKD, and prevention of ESRD and
CVD in patients with diabetes.
Hypertension and dyslipidemia are

involved in the etiology of DKD, in addi-
tion to hyperglycemia3–5. As for the
treatment of dyslipidemia, lowering of
low-density lipoprotein cholesterol by sta-
tin has been shown to reduce the risk of
ESRD in type 2 diabetes patients with
overt proteinuria4. Various mechanisms
are believed to be involved in the patho-
genesis of DKD, including genetic factors,
activation of polyol pathway and protein
kinase C, glomerular hypertension and
hyperfiltration, accumulation of advanced
glycation end-products, oxidative stress,
overexpression of transforming growth
factor-b, and the inflammatory process
(microinflammation)6. These mechanisms
are potential candidates for the therapeu-
tic target of DKD (Figure 1). Recently, it
has been reported that inflammasomes
are implicated in the pathogenesis of
renal inflammation in DKD7. Pattern
recognition receptors, including nucleo-
tide-binding oligomerization domain-like
receptors, recognize exogeneous and
endogenous ligands to stimulate inflam-
masome assembly followed by caspase-1
activation, and secretion of interleukin-1b
and interleukin-18. We previously found
that serum and urinary levels of inter-
leukin-18 are elevated and positively
corelated with albuminuria in patients
with type 2 diabetes, suggesting that
inflammasome plays a role in the patho-
genesis of DKD6. Tumor necrosis factor
is one of the major inflammatory cyto-
kines. Gohda et al8. reported that
increased concentrations of serum tumor
necrosis factor receptors are positively
associated with albuminuria, and nega-
tively associated with the eGFR in patients
with type 2 diabetes. They suggest that an
increase in serum tumor necrosis factor
receptors might result from their increased
systemic production in the recent article.

There has been accumulating evidence
of renoprotective effects of sodium–glu-
cose cotransporter 2 (SGLT2) inhibitors
in patients with type 2 diabetes by car-
diovascular outcome trials, including the
Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus
Patients-Removing Excess Glucose
(EMPA-REG OUTCOME) trial, Canagli-
flozin Cardiovascular Assessment Study
(CANVAS) program and Dapagliflozin
Effect on Cardiovascular Events –
Thrombolysis in Myocardial Infarction
58 (DECLAER-TIMI 58). These trials
strongly suggest the renoprotective effects
of SGLT2 inhibitor in patients with
type 2 diabetes9. Kadowaki et al.10

reported that empagliflozin reduces the
risk of development or progression of
DKD in Asian patients with type 2 dia-
betes. Furthermore, Canagliflozin and
Renal Endpoints in Diabetes with Estab-
lished Nephropathy Clinical Evaluation
(CREDENCE) showed that canagliflozin
reduced the risk of primary renal out-
come consisting of ESRD, doubling of
serum creatinine and death from renal
or CVD in patients with type 2 diabetes
with overt poteinuria11. There have been
several postulated mechanisms of reno-
protective actions of SGLT2 inhibitors,
including the improvement of the
impaired tubuloglomerular feedback sys-
tem, in addition to the improvement of
metabolic abnormalities9. In an animal
experiment, Kimura et al.12 showed that
canagliflozin reduced oxidative stress in
diabetic rats.
Glucagon-like peptide-1 (GLP-1) is an

incretin hormone that enhances insulin
secretion from pancreatic b-cells. Recent
studies have shown that GLP-1 receptor
is expressed not only in the pancreas, but
also in many organs. GLP-1 has been
shown to exert anti-inflammatory effects
in in vitro and in vivo studies. We previ-
ously showed in vitro that exenatide
exerts an anti-inflammatory effect by
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decreasing the expression of intercellular
cell adhesion molecule-1 in glomerular
endothelial cells. Furthermore, exendin-4
– a GLP-1 receptor agonist – ameliorated
albuminuria, glomerular hyperfiltration,
glomerular hypertrophy, and mesangial
matrix expansion in type 1 diabetic rats
with anti-inflammatory and anti-oxida-
tive effects13. Weiqin et al.14 reported
that protein kinase C and protein
kinase A are involved in renoprotective
effects of GLP-1 from their animal exper-
iments. In clinical trials, liraglutide and
semaglutide have shown renoprotective

effects in patients with type 2 diabetes.
In the Liraglutide Effect and Action In
Diabetes: Evaluation of Cardiovascular
Outcome Risks (LEADER) trial15, admin-
istration of liraglutide significantly sup-
pressed the nephropathy-related outcomes
(onset of macroalbuminuria, doubling of
the serum creatinine level and
eGFR ≤45 mL/min/1.73 m2, need for
continuous renal replacement therapy or
death from renal disease).
Growing evidence has provided new

insights and future direction for the etiol-
ogy and treatment of DKD. This

evidence might accelerate the develop-
ment of new drugs for DKD, and
GLP-1 receptor agonist and SGLT2 inhi-
bitor would improve the prognosis of
DKD.
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Figure 1 | Etiology and therapeutic targets of diabetic kidney disease (DKD). Hyperglycemia induces diabetic nephropathy through various
mechanisms, including activation of the polyol pathway and protein kinase C (PKC), glomerular hypertension and hyperfiltration, glycation, oxidative
stress, and the inflammatory process. These pathways are therapeutic targets of nephropathy. In addition to renin–angiotensin system (RAS) inhibitor,
aldose reductase inhibitor (ARI), PKC inhibitor, advanced glycation end-product (AGE) inhibitor, mineralocorticoid receptor (MR) antagonist and nuclear
factor erythroid 2-related factor 2 (NRF2) activator are potential therapeutic drugs, and sodium–glucose cotransporter 2 (SGLT2) inhibitor and
glucagon-like peptide-1 (GLP-1R) agonist have been shown to be effective for DKD. IL-1b, interleukin-1b; NF-jB, nuclear factor-kB; P2XR, purinergic P2X
receptors; TGF-b, transformation growth factor-b; VEGF, vascular endothelial growth factor.
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