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Diabetes is often associated with chronic kidney disease (CKD) and is the primary cause of kidney failure in half of patients who
receive dialysis therapy. Given the increasing prevalence of diabetes and its high morbidity and mortality, diabetic nephropathy is
a serious drawback in individual patients and a tremendous socioeconomic burden on society. Despite growing concern for the
management of diabetic nephropathy, the prevalence of CKD with diabetes is the same today as it was 20 years ago. The current
strategy to manage diabetic nephropathy, including the control of hyperglycemia, dyslipidemia, and blood pressure and the wide-
spread use of renin-angiotensin-aldosterone system inhibitors, is well established to be beneficial in the early stages of diabetic
nephropathy. However, the effects are uncertain in patients with relatively progressed CKD. Therefore, early diagnosis or risk
verification is extremely important in order to reduce the individual and socioeconomic burdens associated with diabetic ne-
phropathy by providing appropriate management to prevent the development and progression of this condition. This review fo-
cuses on recent research and guidelines regarding risk assessment, advances in medical treatment, and challenges of and future
treatments for diabetic nephropathy.
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INTRODUCTION

The increasing number of people with diabetes has had a major
impact on the prevalence of diabetic nephropathy [1]. Diabetic
nephropathy, which occurs in 20% to 40% of all patients with
type 2 diabetes mellitus [2,3], is a metabolic disorder with high
morbidity and mortality and is the leading cause of end-stage
renal disease (ESRD) [4]. The overall burden for people with
diabetic nephropathy is extremely high because of the strong
associations of diabetic nephropathy and cardiovascular dis-
ease (CVD) with ESRD [2]. To improve the lives of people
with diabetic nephropathy and to reduce the impact on society,

early identification of the development or progression of dia-
betic nephropathy using appropriate screening and diagnostic
tools is very important in order to provide timely and proper
management. This review introduces the significant points of
the recent research and guidelines regarding risk assessment,
advances in medical treatment, and challenges of and future
treatments for diabetic nephropathy.

LABORATORY ASSESSMENT

Depending on the clinical setting involved, identifying and
monitoring diabetic nephropathy primarily involves two diag-
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nostic modalities: assessment of kidney function in terms of
estimated glomerular filtration rate (¢GFR) and estimation of
kidney damage in terms of albuminuria [2]. These methods are
now used world-wide as clinical markers of diabetic nephropa-
thy in real practice. Moreover, these markers help to decide
whether or not to apply early therapeutic techniques and pro-
vide information to assess the risks of CVD and ESRD in dia-
betic nephropathy. However, these markers have several limita-
tions with regard to identifying and monitoring diabetic ne-
phropathy. Recognition of these limitations and the efforts to
investigate better and new biomarkers are essential for the effi-
cacious management of diabetic nephropathy.

Albuminuria

Albuminuria is considered as a sensitive marker of chronic kid-
ney disease (CKD) and CVD risk and is used as the first clini-
cal indicator of diabetic kidney disease [2]. Measuring the
quantity of albumin in a 24-hour urine collection has been con-
sidered the gold standard for the diagnosis of diabetic nephrop-
athy. However, collecting a 24-hour urine sample is difficult in
routine practice. Moreover, this approach does not provide pre-

cise or accurate information [5]. Recently, guidelines recom-
mend the use of the albumin-to-creatinine ratio (ACR) of a
spot urine sample, a technique that can be performed easily in
the clinic setting as a surrogate for the amount of urinary albu-
min in a 24-hour urine collection [5,6]. Simultaneous measure-
ment of spot urine albumin and creatinine values, which allows
normalization of these values, is helpful to overcome the vari-
ability in urine concentrations caused by hydration and is ac-
cepted widely as the marker for the screening of albuminuria.
According to the urinary ACR, patients are classified into
three albuminuria categories of Kidney Disease Improving
Global Outcomes (KDIGO): Al, A2, or A3 (Fig. 1) [7]. Nor-
mal-to-mildly increased albuminuria (A1) is defined as <30
mg/g creatinine, and moderately increased albuminuria (A2) is
defined as 30 to 300 mg/g creatinine. Previously, the range of
albuminuria from 30 to 300 mg/g had been labeled “microal-
buminuria,” a term that can lead to misunderstanding. Thus,
practical guidelines now recommend the use of “moderately
increased albuminuria (A2)” instead of “microalbuminuria”
[7]. Individuals with urine ACR greater than 300 mg/g are cat-
egorized as having severely increased albuminuria (A3), for-
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Fig. 1. Albuminuria and glomerular filtration rate (GFR) categories for risk assessment of chronic kidney disease (CKD). The albumin-
uria and GFR grid reflects the risk of progression in terms of the intensity of the coloring (green, yellow, orange, red, and deep red). The
numbers in the boxes are the frequency of monitoring (number of times per year). Green indicates stable disease, with follow-up mea-
surements annually if CKD is present; yellow requires caution and measurements at least once per year; orange requires measurements
twice per year; red requires measurements three times per year; and deep red requires the closest monitoring, approximately four or more
times per year (at least every 1 to 3 months). Adapted from KDIGO [7], with permission from Elsevier.
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merly referred to as “macroalbuminuria” [7,8]. The American
Diabetes Association (ADA) recommends that a patient is con-
sidered to have albuminuria when at least two of three mea-
surements of urine ACR examined within 6 months are abnor-
mal [5].

The rate of progression from category A2 to category A3 is
predicted to be 2% to 3% per year, and this progression is asso-
ciated with a decrease in glomerular filtration rate (GFR) [9].
Persistently and moderately increased urinary ACR (A2) is an
index of development of diabetic kidney disease and is also a
well-established indicator of increased CVD risk [9-11]. Up to
40% of type 1 diabetic patients with moderately increased
urine ACR (A2) show spontaneous remission to normal/mildly
increased urine ACR (A1), while about 30% to 40% remain in
albuminuria category A2 and do not progress to category A3
over 5 to 10 years of follow-up [12-14]. In contrast, patients
with persistently and severely increased urine ACR (A3) usual-
ly progress to kidney failure or ESRD [15,16].

Estimated glomerular filtration rate
Although GFR is only one component of renal excretory func-
tion, it is commonly accepted as the best overall index of kid-
ney function because it is generally reduced after widespread
structural damage and, in CKD, most other kidney functions
decline in parallel with GFR [7]. GFR is most commonly esti-
mated using equations such as the Modification of Diet in Re-
nal Disease (MDRD) study equation [17,18] or the Chronic
Kidney Disease Epidemiology Collaboration equation [19].
Serum Cr is used to estimate these GFRs. Traditionally, the se-
verity of CKD has been categorized into five stages according
to eGFR [20]: G1, GFR =90 mL/min/1.73 m?*;, G2, 60 to 89
mL/min/1.73 m? G3, 30 to 59 mL/min/1.73 m?% G4, 15 to 29
mL/min/1.73 m? and G5 <15 mL/min/1.73 m?. The current
classification further acknowledges the importance of dividing
G3 based on data that support organizing different outcomes
and risk profiles into the categories of G3a (GFR, 45 to 59 mL/
min/1.73 m?) and G3b (GFR 30 to 44 mL/min/1.73 m?) [7].
Although the MDRD equation is used widely to screen and
monitor for CKD, including diabetic kidney disease, it has
been reported to underestimate the renal function in some pop-
ulations, especially in patients with near-normal renal function
[21]. Given this limitation, other candidate markers have been
evaluated to enable more accurate predictions of GFR. Cystatin
C, a cysteine protease inhibitor that is freely filtered by the re-
nal glomeruli and metabolized by the proximal tubule, has
been identified as a promising marker of renal failure [22].
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Several studies have been performed to evaluate whether a cys-
tatin C-based equation yields predictions that are superior to
those produced by creatinine-based equations. Cystatin C was
a more accurate serum marker than serum creatinine or the
Cockcroft and Gault eGFR in discriminating type 2 diabetic
patients with reduced GFR from those with normal GFR [23].
Although cystatin C is superior to creatinine for estimating
GFR, it is not yet widely available in clinical practice. To date,
serum creatinine-based eGFR remains the standard for assess-
ing and monitoring diabetic kidney disease in most guidelines.

Risk assessment and monitoring based on both
albuminuria and GFR categories

There is increasing evidence that both albuminuria and eGFR
categories are valuable [7]. Increased albuminuria and de-
creased GFR are both associated with an increased risk of
CKD and are synergistic (Fig. 1) [7]. The current KDIGO
guidelines recommend that both albuminuria and GFR be
monitored annually. More frequent measurements of eGFR and
albuminuria should be considered in patients with a lower GFR
and a higher albuminuria level because these conditions are
more likely to progress in such patients. The frequency of mea-
surements should also be individualized based on patient histo-
ry and the underlying cause of kidney disease.

New biomarkers other than albuminuria and GFR

Although the presence of urinary albumin is recognized as an
early marker of diabetic nephropathy, significant glomerular
damage has already occurred by the time albuminuria is appar-
ent [24]. It has been reported that a decrease in the renal func-
tion of a diabetic patient is not always accompanied by in-
creased albuminuria in the clinic [25]. Several new biomarkers
based on proteomics are being investigated with the hope of
overcoming the limitations of current diagnostic tools for dia-
betic nephropathy [26]. Specifically, the use of urine as the di-
agnostic medium allows for the non-invasive detection of bio-
markers of diabetic nephropathy [27]. Numerous urinary bio-
markers can potentially provide a basis for the development of
improved diagnostic tests other than that based on albuminuria
(Fig. 2). Three main pathways for the sourcing of potential
markers have been identified: kidney damage, oxidative stress,
and low-grade inflammation, including atherosclerosis/vascu-
lar damage [27]. As tubulointerstitial damage can also play an
important role in the pathogenesis of diabetic nephropathy, nu-
merous investigators have been recently focusing on tubular
damage markers as biomarkers of the development and pro-
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Fig. 2. Early biomarkers of diabetic kidney disease along the kidney injury continuum. GFR, glomerular filtration rate. “Albuminuria

category A2, moderately increased albuminuria.

gression of diabetic nephropathy [28-30].

At a normal level of protein loss, albumin is considered a mi-
nor component of total urinary protein; however, it becomes
the most significant single protein present as protein loss in-
creases [31]. Albumin tends to be more variable at lower levels
of proteinuria than at higher levels. Thus, it has been suggested
that non-albumin proteinuria (NAP), rather than albuminuria,
might be an important biomarker for early detection of the de-
velopment and progression of diabetic nephropathy [32,33].
Urinary NAP includes numerous urinary proteins, some of
which, including a-1 microglobulin, -2 macroglobulin, immu-
noglobulin G, cystatin C, transferrin, nephrin, metalloprotein-
ase-9, and tissue inhibitor of metalloproteinases-1, are associ-
ated with renal damage (Fig. 3) [34]. We recently demonstrated
that urinary NAP might be a sensitive and specific marker of
tubular damage that predicts renal impairment in type 2 diabet-
ic patients [32,33]. Although it can be easily measured in clini-
cal practice, NAP currently is not universally calibrated to be
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Fig. 3. Non-albumin proteinuria as a diagnostic tool for diabetic
nephropathy. IgG, immunoglobulin G.
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widely available in real practice.

ADVANCES IN MEDICAL TREATMENT

Glycemic control and management of comorbidities, such as
hypertension, dyslipidemia, anemia, and hyperphosphatemia,
are important in preventing and delaying renal and CVD events
in patients with diabetic nephropathy. Thus, a multidisciplinary
approaching is important for maximizing care for these com-
plex patients. Moreover, novel treatments targeted at the com-
plex pathophysiology of diabetic nephropathy are now receiv-
ing attention.

Glycemic control

Several observational studies have established a close relation-
ship between poor glycemic control and microvascular compli-
cations, including diabetic nephropathy [35]. In contrast to the
evidence for tight glycemic control on macrovascular compli-
cations, intensive glycemic control had a beneficial effect in
delaying the onset and progression of albuminuria in recent
large, randomized controlled trials [36-38]. Thus, recent guide-
lines recommend a target glycated hemoglobin of ~7.0% (53
mmol/mol) to prevent or delay the progression of the micro-
vascular complications of diabetes, including diabetic kidney
disease [7,8].

Blood pressure
There has been no randomized controlled trial to determine a
target blood pressure in diabetic patients evaluated for CKD.
Until recently, several guidelines, including those issued by the
ADA and National Kidney Foundation, set a goal blood pres-
sure of <130 mm Hg systolic and <80 mm Hg diastolic to re-
duce albuminuria and delay the progression of diabetic kidney
disease [8,39,40]. Although intensive blood pressure control
reduced the proportion of category A3 albuminuria in the Ac-
tion to Control Cardiovascular Risk in Diabetes (ACCORD)
trial, adverse events were also observed more frequently in the
intensive blood pressure arm [41]. Based on recent trials, the
Eight Joint National Committee recommended a blood pres-
sure of 140/90 mm Hg for all patients with diabetes mellitus or
CKD [40]. This target blood pressure is further supported by
the recent ADA position statement [5]. Specifically, 130/80
mm Hg is considered the target blood pressure in subjects with
albuminuria [41,42].

Either an angiotensin-converting enzyme (ACE) inhibitor or
an angiotensin receptor blocker (ARB) is recommended for the
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management of diabetes with moderately increased urinary al-
buminuria and is strongly recommended for those with severe-
ly increased albuminuria (A3) and/or an eGFR <60 mL/
min/1.73 m* (=G3) [5]. However, ACE inhibitors and ARBs
are not recommended for the primary prevention of diabetic
kidney disease in patients with diabetes with normal blood
pressure, normal/mildly increased albuminuria, and normal
eGFR [5]. Two clinical trials studied dual therapy with ACE
inhibitors and ARBs and revealed no beneficial effect on CVD
or diabetic kidney disease; moreover, these combinations were
associated with higher rates of adverse events [43,44]. Thus,
the combination of ACE inhibitors and ARBs should be avoid-
ed in patients with diabetes [5].

CHALLENGES AND FUTURE TREATMENTS

The renin-angiotensin-aldosterone system (RAAS) pathway is
the most important component in the development and progres-
sion of diabetic nephropathy. However, contrary to expecta-
tions, the results of recent studies of direct renin inhibitors were
disappointing. One study showed that the combination of a re-
nin inhibitor, aliskiren, and an ARB significantly reduced pro-
teinuria in patients with type 2 diabetes [45]. However, use of
the combination of an ACE inhibitor or ARB with aliskiren in
type 2 diabetic patients was discontinued early in the Aliskiren
Trial in Type 2 Diabetes Using Cardiovascular and Renal Dis-
ease Endpoints (ALTITUDE) study due to increased adverse
events [46].

Emerging evidence shows that the use of mineralocorticoid
receptor blockers in combination with ACE inhibitors or ARBs
might have benefits on albuminuria in diabetic kidney disease,
a phenomenon referred to as “aldosterone breakthrough” [47].
The combination of spironolactone with an ACE inhibitor or
ARB significantly decreased albuminuria compared with the
results of placebo [48]. More patients with diabetic nephropa-
thy who received an ACE inhibitor or an ARB as well as fi-
nerenone showed an improvement in urinary ACR compared
to the number of patients who received one of these plus a pla-
cebo [49].

Supporting evidence shows that lack of a vitamin D receptor
resulted in an increase in RAAS activity and significant pro-
teinuria [50]. The renal protective effects of 1,25(OH).D; and
its analogs might involve suppression of renin gene transcrip-
tion as well as high glucose-induced angiotensinogen produc-
tion [51,52]. A recent large, randomized controlled trial re-
vealed that paricalcitol reduced albuminuria in patients with
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type 2 diabetic nephropathy [53]. An ongoing trial is evaluating
whether direct VDR activation can reduce the human RAAS in
diabetes compared with the effect of an ACE inhibitor and
whether this mechanism can translate to clinically relevant
endpoints of diabetic kidney disease [54]. The outcomes of this
trial will have major implications for the recommendation of
vitamin D supplementation for the primary prevention of kid-
ney complications in diabetes.

Studies performed in the last two decades have suggested
that the endothelin (ET) system is an important therapeutic tar-
get for diabetic nephropathy [55]. ET-1 is a powerful vasocon-
strictor and mitogenic factor that influences a wide variety of
organ functions and, by virtue of its vasoactive, inflammatory,
and profibrogenic properties, has been implicated in both
CVDs and the progression of CKD [56]. ETa-selective antago-
nists have been shown to provide renoprotective effects, sup-
plying a rationale for clinical trials involving administration of
ETa-receptor antagonists in addition to RAAS blockade in pa-
tients with diabetic nephropathy [57,58]. The ongoing Study of
Diabetic Nephropathy with Atrasentan is investigating the ef-
fect of atrasentan on the progression of diabetic nephropathy,
and this study aims to clarify the cardiovascular and renal pro-
tective effects of ET receptor antagonists.

Sodium-glucose cotransporter-2 (SGLT2) inhibitors, as one
of new therapeutic agents for diabetic patients, also demon-
strated renal-protective effects on the basis of existing preclini-
cal and clinical data using surrogate renal endpoints. SGLT2
inhibition is expected to reduce proximal tubular sodium reab-
sorption, thereby increasing distal sodium delivery, causing tu-
buloglomerular feedback, afferent vasoconstriction, and de-
creased hyperfiltration, which would be expected to reduce re-
nal injury independent of the metabolic effect such as glycemic
control and decreased inflammation [59]. The SGLT?2 inhibitor
was recently shown to reduce hyperfiltration in normotensive,
normoalbuminuric patients with type 1 diabetes [60]. In clini-
cal trials of type 2 diabetes, SGLT2 has been associated with
significant renal effects, including modest, acute decreases in
eGFR, followed by the maintenance of stable renal function
and reduced albuminuria. SGLT2 inhibitors showed the renal
effect of acute decrease in eGFR, which is followed by the
maintenance of stable renal function and reduced albuminuria
in clinical trials with type 2 diabetic patients [61,62]. An ongo-
ing trial of renal outcomes of an SGLT?2 inhibitor is currently
underway (Evaluation of the Effects of Canagliflozin on Renal
and Cardiovascular Outcomes in Participants with Diabetic
Nephropathy [CREDENCE] trial, NCT02065791) and is ex-
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pected to elucidate its renal protective effect.

CONCLUSIONS

Early and timely assessment with simple diagnostic modalities
is beneficial for identifying and managing diabetic nephropa-
thy. Many investigators are now focusing on early biomarkers
to predict kidney damage beyond albuminuria. Furthermore,
the combination of novel therapies and well-established con-
ventional treatments might reduce the tremendous burden as-
sociated with diabetic nephropathy.
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