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Diabetic Kidney Disease

Ting Cai and Junwei Yang

Abstract

Diabetic kidney disease (DKD) is the leading
cause of end-stage renal disease (ESRD) and
is strongly associated with mortality in
patients with diabetes. Persistent albuminuria
is the hallmark of DKD, and some patients
will finally develop ESRD with gradually
decreased glomerular filtration rate (GFR) and
increased serum creatinine concentration.
Glomerular basement membrane thickening,
mesangial expansion, mesangial matrix accu-
mulation, Kimmelstiel-Wilson nodules, and
tubulointerstitial fibrosis are typical patholog-
ical changes in DKD. Screening for DKD
should begin at 5 years after the diagnosis of
type 1 diabetes and at the diagnosis of type 2
diabetes, which should include measurement
of wurinary albumin-to-creatinine ratio and
serum creatinine concentration, estimation of
GFR, and ophthalmologic examination. The
progression of DKD may be slowed by opti-
mal therapeutic approaches, including life-
style improvement, strict glycemic and blood
pressure control, control of dyslipidemia, and
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renin—angiotensin—aldosterone system block-
ade. Patients who develop ESRD require renal
replacement therapy.

3.1 Introduction

Diabetes mellitus, a disease no longer associated
with affluence, is on the rise across the world.
More than 425 million individuals currently have
diabetes, and this number may increase to
693 million by 2045 if nothing is done [1]. The
incidence of diabetic kidney disease (DKD) has
more than doubled in the past decade, largely
because of the increasing prevalence of type 2
diabetes. As a potential devastating complication
of diabetes, DKD is currently the primary cause
of end-stage renal disease (ESRD) and is the sin-
gle strongest predictor of mortality in patients
with diabetes that globally imposes an increased
social and economic burden [2].

3.2  Natural Course of DKD

In the conventional course of DKD, pathological
changes develop progressively over a long clini-
cal silent period without evidence of proteinuria,
impaired glomerular filtration rate (GFR), or
hypertension. An increase in GFR, or hyperfiltra-
tion, is one of the earliest changes which is
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Table 3.1 Urinary ACR is a diagnostic test for microal-
buminuria and macroalbuminuria

Urinary ACR
Condition (mg/g) Terms
Normoalbuminuria | <30 Normally to
mildly increased
Microalbuminuria | 30-300 Moderately
increased
Macroalbuminuria/ | >300 Severely
overt proteinuria increased

ACR albumin-to-creatinine ratio

observed in most patients with type 1 diabetes
and many with type 2 diabetes. Hyperfiltration is
accompanied by renal hypertrophy, an increase in
renal size. The next observable clinical manifes-
tation is the development of microalbuminuria. A
urinary  albumin-to-creatinine ratio (ACR)
between 0 and 30 mg/g and between 30 and
300 mg/g is customarily referred to as normoal-
buminuria and microalbuminuria, respectively
(Table 3.1). Microalbuminuria is currently
accepted as a reliable marker to detect DKD at an
early stage. However, not all patients with micro-
albuminuria will develop overt proteinuria and
reduced GFR. Caramori et al. reviewed a number
of clinical trials and revealed that only 30-40%
of patients with microalbuminuria will develop
macroalbuminuria (also called overt proteinuria,
defined as urinary ACR >300 mg/g) (Table 3.1)
[3]. Patients with established microalbuminuria
may have different outcomes: they may improve,
stay the same for a long period, or progress to
macroalbuminuria and worse renal function.
Perkins et al. reported as high as 50% probability
for microalbuminuria to regress to normal levels
in patients with type 1 diabetes [4].

Proteinuria, first characterized by Kimmelstiel
and Wilson in a pathological report, results from
complex damage in the glomerular filtration bar-
rier, including the endothelial cells, basement
membrane, and podocytes [5]. Proteinuria not
only is a marker of glomerular injury but also
implicates tubular injury. The natural course of
DKD, proposed by Mogensen, including changes
in proteinuria and GFR, as well as stages of pre-
ventive treatment, is shown in Fig. 3.1 [6]. In
patients with type 1 diabetes, the average time

from diagnosis of diabetes to onset of proteinuria
is 19 years; in contrast, it is shorter and variable
in patients with type 2 diabetes, as the disease
may have already been present for several years
prior to the establishment of diagnosis. Renal
function may loss progressively over several
years in patients with type 1 diabetes without
intervention. Despite advances in interventions
that slow down the progression of DKD, the
number of patients progressing to renal failure is
still increasing, making diabetes the major cause
of ESRD [2].

3.3  Renal Pathology in DKD

After the onset of diabetes, kidney weight and
size keep increasing until the establishment of
overt nephropathy. Glomerular basement mem-
brane (GBM) thickening is the first change that
can be measured. Mesangial expansion (Fig. 3.2)
develops later due to increased matrix accumula-
tion in the mesangial region [7]. When renal dys-
function occurs, increased mesangial expansion
and marked GBM thickening can be observed.
Diffuse mesangial expansion can be linked with
nodular lesions containing areas of marked
mesangial expansion forming large round fibril-
lar mesangial zones with palisading of mesangial
nuclei around the nodules and compression of the
associated glomerular capillaries (Kimmelstiel—
Wilson nodules) (Fig. 3.3). The severity of glo-
merular damage is associated with GFR and
albuminuria.

Renal tubules and interstitium may also
undergo structural changes, particularly in the
later stages of DKD. The thickening of the tubu-
lar basement membrane (Fig. 3.2) closely cor-
relates with the thickening of the GBM.
Tubulointerstitial fibrosis and tubular atrophy
may be the best pathologic predictors of progres-
sive loss of GFR, which are more universal in
patients with type 2 diabetes. In fact, the renal
pathologic change is heterogeneous in patients
with type 2 diabetes; only a subset of patients
with type 2 diabetes has typical diabetic glomer-
ulopathy, whereas a considerable proportion has
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Stage Pre (1&2) Incipient DKD (3) Overt DKD (4) ESRD (5)
Structural Hypertrophy GBM thickening Mesangial nodules Glomerular closure
changes GBM thickening Mesangial expansion (Kimmelstiel-Wilson nodules) Fibrosis
Increased by Supranormal values, predicted Decline ~10mL/ min
GFR <10 mL/min/1.73 m*

20-50% to decline if untreated

/1.73 m?/ year

Urinary  Normal or occasional
Microalbuminuria

protein microalbuminuria

Nephrotic proteinuria Often decline due

(>3.5g /24h) to nephron loss

BP Normal Hypertension

Hypertension Hypertension

Fig.3.1 Nature course of diabetic kidney disease. GFR glomerular filtration rate; DKD diabetic kidney disease; GBM

glomerular basement membrane; BP blood pressure

Fig. 3.2 Histopathological manifestations in diabetic
kidney disease. Mesangial expansion and mesangial
matrix accumulation are presented. (periodic acid-Schiff
staining, x400)

Fig. 3.3 Histopathological manifestations in diabetic
kidney disease. Typical Kimmelstiel-Wilson nodule
(arrowhead), dissolve of mesangium (star) and thickening
of TBM (arrow) are presented. (methenamine silver stain-
ing, x400)
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more advanced tubulointerstitial and vascular
damage [8]. Furthermore, the appearance of the
kidney in some patients with type 2 diabetes is
more suggestive of glomerular ischemia or tubu-
lointerstitial disease.

3.4 Diagnosis of DKD

The main basis of the diagnosis of DKD is the test
values of urinary protein excretion and estimated
GFR (eGFR). Renal injury may be considered to
be caused by diabetes in most patients with diabe-
tes who have any of the following features [9]:

e Macroalbuminuria

e Diabetic retinopathy
microalbuminuria

*  Microalbuminuria in patients diagnosed with
type 1 diabetes for more than 10 years

accompanied with

Screening for DKD should begin at 5 years
after the diagnosis of type 1 diabetes and at the
diagnosis of type 2 diabetes. Patients with diabe-
tes may annually undergo screening for DKD,
which should include measurement of urinary
ACR and serum creatinine concentration, estima-
tion of GFR, and ophthalmologic examination
(Fig. 3.4).

Patients with

* Type 1 diabetes for more than 5 years
OR
* Type 2 diabetes

¢ Screen for ACR every 12 months
AND

¢ Estimate eGFR every 12 months <
(ACR should be confirmed without urinary tract infection)
Y Y
ACR = 30 mg/g on two separate tests ACR < 30 mg/g
, , l
30 mg/g < ACR < 300 mg/g ACR > 300 mg/g NO eGFR < 60mL/min/1.73m?
Y 1 v YES
* Presence of DR Typical clinical features of DKD Screen by
NO | OR * Slow progression of ACR NO | ° grinelmlicroscopy .
) * Slow decline of eGFR > * Renal ultrasonography
* Duration of type 1 . i « Serology: ANCA, C3, C4
diabetes for more than No hen:a(tjurla or GN » T
10 years suspecte
' YES ' YES \
DKD Renal biopsy if necessary

Fig. 3.4 Flowchart for the evaluation of DKD in patients
with diabetes. ACR albumin-to-creatinine ratio; eGFR
estimated glomerular filtration rate; DR diabetic retinopa-

thy; GN glomerulonephritis; DKD diabetic kidney dis-
ease; ANCA anti-neutrophil cytoplasmic antibody; C3
complement 3; C4 complement 4
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3.4.1 Measurement of Urinary ACR
Microalbuminuria is accepted as an independent
risk factor associated with the progression of
chronic kidney disease (CKD) and GFR loss.
Measurement of microalbuminuria is currently
widely available and easy to perform with rela-
tively low cost. As the interpretation of results
for albumin concentration alone may be unreli-
able due to variations in urinary concentration
and timed collections are inconvenient, the ACR
in a spot urine sample (preferably the first morn-
ing specimen) is recommended. Metabolic per-
turbation, hemodynamic factors, and presence of
urinary tract infection may affect the appearance
of albumin in the urine [10]. Hence, the Kidney
Disease Outcomes Quality Initiative (KDOQI)
guidelines recommend that elevated ACR be
confirmed in the absence of marked hyperten-
sion, urinary tract infection, and cardiac failure
with two additional tests during the next
3—6 months [9].

3.4.2 Measurement of Serum
Creatinine Concentration
and eGFR

In clinical practice, the serum creatinine concen-
tration is the most frequently used index to evalu-
ate renal function. However, it is not sensitive
enough and may be highly misleading when
patients have low muscle mass, especially in
elderly patients with diabetes. Therefore, the
KDOQI guidelines recommend that the GFR be
estimated with the Modification of Diet in Renal
Disease Study equation; however, the evidence
shows that the usefulness of eGFR alone as a
regular screening test for CKD in diabetes is less
secure [9].

3.4.3 Ophthalmologic Examination
A study including a cohort of patients with type 1

diabetes and with type 2 diabetes revealed that a
large proportion of patients with type 1 diabetes

and macroalbuminuria also showed signs of dia-
betic retinopathy, whereas nearly half of the
patients with hypertension and type 2 diabetes
who had macroalbuminuria did not have con-
comitant retinopathy [11]. Thus, the presence of
retinopathy and macroalbuminuria in patients
with type 1 diabetes strongly suggests DKD. In
contrast, as for patients with type 2 diabetes, the
accompanied presence of retinopathy is only
partly useful in the discrimination of renal pathol-
ogy, and the absence of retinopathy does not rule
out the presence of DKD.

3.4.4 Indications for Renal Biopsy

Due to the variability in clinical course and com-
plexity of clinical manifestation, renal biopsy is
required for some patients with both diabetes and
CKD to discriminate the potential cause of the
kidney disease. Renal biopsy should be consid-
ered in the following patient situations:

1. eGFR rapidly declines, or renal dysfunction
without significant proteinuria is observed.

2. The onset of proteinuria is sudden and pro-
gresses rapidly, particularly in patients with
duration of type 1 diabetes <5 years.
Alternatively, the evolution of proteinuria is
atypical (e.g., nephrotic syndrome develops in
the absence of persistent microalbuminuria).

3. The presence of macroscopic hematuria or
active nephritic urinary sediment containing
acanthocytes and red blood cell casts, which
suggests glomerulonephritis, is detected.

3.5 Management of Patients

with Diabetes and CKD

For patients with diabetes, when GFR <60 mL/
min/1.73 m?, complications of CKD should be
evaluated, which commonly include electrolyte
imbalance, metabolic acidosis, anemia, second-
ary hyperparathyroidism, and CKD-mineral
bone disorder. Adjustment of drugs’ dosage is
necessary (Table 3.2).
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Table 3.2 Management of patients with diabetes and
CKD according to GFR

GFR (mL/
min/1.73 m?)

All patients
with diabetes

Recommendation

Screen for serum creatinine, ACR,
eGFR, and serum potassium every
12 months

Consideration of dose adjustment of
drugs in use

45-60

Screen for eGFR every 6 months

Screen for serum electrolyte (Ca, P
included), acid alkali balance,
hemoglobin, and parathyroid
hormone

Evaluation of vitamin D

Consideration of test for bone mineral
density

Nutritional consultation

Referral to nephrologist when
diabetes with non-DKD or the cause
of CKD is unknown

Screen for eGFR every 3 months
Screen for serum electrolyte (Ca, P
included), acid alkali balance,
hemoglobin, parathyroid hormone,
albumin, and weight

Consideration of dose adjustment of
drugs in use

Referral to nephrologist

3044

<30

GFR glomerular filtration rate; ACR urinary albumin-to-
creatinine ratio; eGFR estimated glomerular filtration
rate; CKD chronic kidney disease; DKD diabetic kidney
disease

3.5.1 Treatment of DKD

Interventions deemed useful in preventing the
progression of DKD include lifestyle improve-
ment, strict glycemic and blood pressure (BP)
control, control of dyslipidemia, and renin—
angiotensin—aldosterone system (RAAS) block-
ade. Patients who develop ESRD may require
renal replacement therapy (Fig. 3.4).

3.5.1.1 Lifestyle Improvement

The KDOQI guidelines recommend a dietary
protein intake of 0.8 g/kg body weight per day for
individuals with diabetes and stage 1-4 CKD [9].
For patients with diabetes on hemodialysis (HD),
1.3 g/kg weight per day is suggested. Smoking
should immediately be stopped upon the diagno-
sis of diabetes.

3.5.1.2 Glycemic Control

Hyperglycemia is the primary cause of
DKD. Strict glycemic control through insulin or
islet cell transplantation improves hyperfiltration,
hyperperfusion, and glomerular capillary hyper-
tension and decreases urinary albumin excretion
in experimental diabetic animals. Moreover,
strict glycemic control slows the development
and progression of DKD in patients with
diabetes.

In the Diabetes Control and Complications
Trial (DCCT), patients with type 1 diabetes who
received intensive therapy (average hemoglobin
Alc [HbAlc] level of 7.2%) showed a 39% lower
risk of developing microalbuminuria when com-
pared to patients who received conventional ther-
apy (average HbAlc level of 9.1%) at 6.5-year
follow-up. Furthermore, patients receiving inten-
sive therapy showed a 54% reduction in progres-
sion from microalbuminuria to macroalbuminuria
[12]. At the end of the DCCT, all patients in the
previous two groups received intensive therapy,
and nephropathy was evaluated based on urine
specimens at 3 and 4 years after the original
DCCT. The average HbAlc level was 8.2% in the
previous conventional therapy group, and 7.9%
in the previous intensive therapy arm. However,
the intensive therapy group still has advantage
over the former conventional therapy group with
an 86% lower risk of new-onset albuminuria.
More recently, data from the DCCT and
Epidemiology of Diabetes Interventions and
Complications (EDIC) study suggested a 50%
reduction of the long-term risk of impaired GFR
in patients undergoing intensive therapy as com-
pared to their counterparts receiving conventional
therapy [13].

A number of major studies have also reported
a lower risk of DKD in patients with type 2 dia-
betes undergoing stricter glycemic control. As
shown in the United Kingdom Prospective
Diabetes Study (UKPDS), newly diagnosed
patients with type 2 diabetes were randomly
divided into intensive therapy (HbAlc level of
7.0%) treated with sulfonylurea or insulin and
conventional therapy (HbAlc level of 7.9%) with
diet alone [14]. The reduction in the risk of devel-
oping microalbuminuria over 9 years and of
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progression from microalbuminuria to protein-
uria was 24% and 42%, respectively, in the inten-
sive therapy group. After study termination,
patients were observed for another 10 years.
Although the HbAlc level between the two
groups was comparable within 1 year, lower risk
of microvascular disease and myocardial infarc-
tion persisted. This phenomenon of prolonged
beneficial effects on complications of diabetes
achieved through strict glycemic control even
being followed by less intensive glycemic control
has been described as “metabolic memory” or
“legacy effect.”

Considering the impressive results from sev-
eral major clinical trials, the American Diabetes
Association (ADA) suggests an HbAlc level of
<7% for all patients with diabetes in order to
reduce their risk of developing DKD [15]. The
target blood glucose level can be achieved
through treatment with insulin, oral hypoglyce-
mic drugs, or a combination of both. Insulin can
be used at any stage of DKD. However, oral
hypoglycemic drugs should be carefully used
according to one’s renal function (Table 3.3)
[16]. The use of most first- and second-genera-
tion sulfonylureas should be avoided when the
eGFR is “60 mL/min/1.73 m? Biguanides (met-
formin) should not be used if GFR is <30 mL/
min/1.73 m? or the serum creatinine concentra-
tion is >1.5 mg/dL in men and >1.4 mg/dL in
women. Thiazolidinediones can be safely used in
patients with DKD.

3.5.1.3 BP Control

In patients with type 1 diabetes, microalbumin-
uria is typically prior to hypertension. Conversely,
hypertension may have already been present in
some patients with type 2 diabetes when microal-
buminuria is detected [17]. The appropriate BP at
which therapy should be started, and the target of
BP are topics that are still under debate. Higher
BP is associated with increasing albuminuria and
higher risk of renal failure in diabetes. In the
Action to Control Cardiovascular Risk in
Diabetes (ACCORD) Blood Pressure trial,
patients with type 2 diabetes were assigned to
receive either intensive treatment with a systolic
BP goal of <120 mmHg or standard therapy aim-

Table 3.3 Dose adjustment of oral hypoglycemic drugs
in patients with diabetes and CKD

Medication class
and agents CKD stages 3, 4, and 5
First-generation sulfonylureas

e Acetohexamide |* Avoid using

e Tolazamide e Avoid using

* Tolbutamide * Avoid using

Second-generation sulfonylureas

e Glipizide e No dose adjustment

* Gliclazide * No dose adjustment

e Glyburide * Avoid using

e Glimepiride e Start carefully with a dose of

1 mg daily

Meglitinides
¢ Repaglinide .
e Nateglinide

Start carefully at 0.5 mg with
meals when GFR <30 mL/
min/1.73 m?

e Start carefully at 0.5 mg with
meals when GFR <30 mL/
min/1.73 m*

Biguanides

e Metformin e Avoid using if serum

creatinine >1.5 mg/dL in men,

or >1.4 mg/dL in women,

suggested by the US FDA

* Avoid using when GFR
<30 mL/min/1.73 m?,
recommended by British
National Formulary and the
Japanese Society of
Nephrology

Alpha-glucosidase inhibitors

Avoid using when GFR

<30 mL/min/1.73 m*

e Acarbose .

DPP-4 inhibitor
e Sitagliptin

GFR >50 mL/min/1.73 m*:

100 mg daily

* GFR 30-50 mL/min/1.73 m*
50 mg daily (1/2 of regular
dose)

*  GFR <30 mL/min/1.73 m?:

25 mg daily (1/4 of regular

dose)

GFR >50 mL/min/1.73 m?:

5 mg daily

*  GFR <50 mL/min/1.73 m*

2.5 mg daily

No dose adjustment

GFR >50 mL/min/1.73 m*

50 mg twice daily

e GFR <50 mL/min/1.73 m?:

50 mg daily (1/2 of regular

dose)

CKD chronic kidney disease; FDA Food and Drug
Administration; GFR glomerular filtration rate; DPP-4
dipeptidyl peptidase 4

e Saxagliptin

e Linagliptin
* Vildagliptin
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ing for <140 mmHg [18]. However, no difference
in the risk of major cardiovascular events was
observed between the two groups. In a secondary
analysis of the Irbesartan Diabetic Nephropathy
Trial (IDNT), progressive systolic BP decline up
to 120 mmHg was associated with increased
renal survival, but with higher mortality [19].
Thus considering the detrimental effect of high
BP on renal function and from a safety concern,
the National Kidney Foundation (NKF) and ADA
have recommended an optimal BP target of
<130/80 mmHg for renal and cardiovascular ben-
efit in patients with diabetes who have nephropa-
thy. As for patients with diabetes and ACR
<30 mg/g, a BP target of 140/90 mmHg or less is
recommended by the Kidney Disease: Improving
Global Outcomes (KDIGO) and Eighth Joint
National Committee guidelines.

Patients with BP >120/80 mmHg should be
suggested on BP reduction through lifestyle
changes, which consist of weight loss, decreased
sodium intake, and increased physical excise,
among others. Patients with confirmed BP
>140/80 mmHg should initiate pharmacological
therapy promptly to reach the optimal
BP. Treatment of hypertension may require selec-
tion from several different classes of antihyper-
tensive drugs, and combination therapy is
recommended with special considerations for
hypertensive patients with diabetes.
Pharmacological therapy should include a RAAS
blocker (either an angiotensin-converting enzyme
inhibitor [ACEI] or an angiotensin receptor
blocker [ARB]); in addition, it is recommended
to titrate up to the maximum approved dose if tol-
erated. Diuretics, calcium channel blockers, and
B-blockers can be used as additional therapy to
achieve the BP target goal in patients already
treated with a RAAS blocker or as alternative
therapy in individuals with poor tolerance of
these drugs.

3.5.1.4 RAAS Blockade

In patients with diabetes who have established
DKD, RAAS blockade using ACEIs or ARBs
confers preferential renoprotection independent
of BP reduction. Several clinical trials investigat-
ing a series of progressive kidney diseases have

shown the value of ACEIs in slowing disease pro-
gression. In the Collaborative Study Group trial,
which evaluated the renoprotective properties of
captopril among patients with type 1 diabetes,
captopril decreased urinary albumin excretion
and delayed the progression of kidney disease
compared with the placebo, although no differ-
ence of the median BP was observed between the
two groups [20]. Other randomized controlled
trials have reported that reduction in proteinuria
appears to delay the progression of kidney dis-
ease among patients with overt nephropathy.

For patients with type 2 diabetes, results from
different clinical studies are less consistent and
flawed, possibly due to smaller sample sizes and
the use of surrogate outcomes. Furthermore, the
protective property of decreasing urinary albu-
min excretion seems to be less significant in
patients with type 2 diabetes and DKD. Long-
term benefit achieved from ACEIs was best
shown in a 7-year study which compared the
effects of enalapril and placebo in normotensive
patients with type 2 diabetes who had microalbu-
minuria. The study period covered 5 years for the
comparison between ACEI and placebo, followed
by another 2 years, at which period patients could
choose either enalapril or placebo. Initial therapy
with enalapril stabilized renal function and uri-
nary albumin excretion and reduced the risk of
nephropathy by 42%. Urinary albumin excretion
increased among patients initially treated with
enalapril after stopping ACEI therapy but
decreased among those treated with placebo who
chose enalapril therapy [21].

ARBs share many effects with ACEIs and
have a superior safety property, which includes
lower risk of cough, angioedema, and hyperkale-
mia. The Reduction of Endpoints in NIDDM
with the Angiotensin I Antagonist Losartan trial
(RENAAL) compared losartan with conven-
tional antihypertensive therapy in patients with
type 2 diabetes and DKD. Fewer patients treated
with losartan attained the primary composite
endpoint of doubling of serum creatinine con-
centration, ESRD, or death; moreover, protein-
uria level was reduced with losartan [22]. In the
IDNT, irbesartan also showed renoprotective
properties as compared to the calcium channel
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blocker or placebo [23]. Concerning the shared
RAAS-inhibiting effects of ACEIs and ARBs,
both are believed to be effective in the treatment
of DKD.

3.5.1.5 Lipid-Lowering Therapy

Dyslipidemia is prevalent in patients with
DKD. It can promote the development of
DKD. In non-dialysis patients with type 2 diabe-
tes and DKD, treatment with statins provides
marked cardiovascular benefit. A recent meta-
analysis suggested a slight positive effect of
statins on albuminuria and renal function. The
KDIGO Clinical Practice Guideline for Lipid
Management in CKD recommends treatment
with statins for adult patients with diabetes and
CKD who are not treated using chronic dialysis.

3.5.1.6 Renal Replacement Therapy
Available renal replacement modalities for
patients with diabetes who have GFR “15 mL/
min/1.73 m?, uncontrolled heart failure, or hyper-
kalemia include peritoneal dialysis (PD), HD,
and renal transplantation. Patients with diabetes
on HD have lower rate of hospitalization and
infection but higher rate of intradialytic hypoten-
sion and cardiac death than those on PD. PD is a
better option for those with sclerosed forearm
vessels, which seems to have a higher survival
rate than HD in patients with diabetes who have
residual renal function, except for the very
elderly, and facilitates BP control and prevention
of heart failure owing to slow and sustained ultra-
filtration [24, 25]. However, PD is less effective
than HD, and patients on PD are prone to protein
loss and obesity.

3.5.1.7 Emerging Therapies

Considering the complex pathophysiology of
diabetes and DKD, a number of new therapeutic
agents to prevent or treat DKD have been
attempted.

e Sodium-Glucose Cotransporter (SGLT) 2
Inhibitor
The kidney reabsorbs all filtered glucose
through SGLT1 and SGLT2, with SGLT2
being responsible for most of this task. SGLT2

inhibitors reduce glucose reabsorption, thereby
decreasing blood glucose levels, and are the
only insulin-independent glucose-lowering
drugs. Currently, empagliflozin, dapaglifiozin,
canagliflozin, and ertugliflozin are approved
by the FDA. In experimental diabetic mice,
SGLT?2 inhibitor was shown to decrease hyper-
filtration independent of reduction in blood
glucose level. In addition, SGLT2 inhibitor
may reduce early kidney growth and inflam-
mation by lowering the blood glucose level. In
the Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus
Patients—Removing Excess Glucose (EMPA-
REG OUTCOME) study, patients with type 2
diabetes at high cardiovascular risk were
assigned to receive placebo or empagliflozin at
atarget dose of 10 mg or 25 mg [26]. Compared
with placebo, empaglifiozin decreased the risk
of new-onset of or worsening nephropathy by
39%. Also, patients who received empa-
gliflozin had a lower rate of doubling of serum
creatinine concentration, initiation of renal
replacement therapy, and death due to kidney
disease. In addition to the EMPA-REG
OUTCOME study, several studies investigat-
ing the effects of SGLT2 inhibition on cardio-
vascular and kidney outcomes are underway,
which will be issued in the next few years. The
findings of these studies will complement
those of the EMPA-REG OUTCOME study
and help in further understanding the therapeu-
tic potential and safety of SGLT?2 inhibition.
Bardoxolone Methyl

Bardoxolone methyl is a synthetic com-
pound derived from oleanolic acid, which
activates the Keapl-Nrf2 pathway and regu-
lates inflammation in the kidney. In the
Bardoxolone Methyl Treatment: Renal
Function in CKD/Type 2 Diabetes (BEAM)
study, patients with CKD and diabetes were
randomly assigned to receive either bardoxo-
lone methyl or placebo for 52 weeks [27].
Bardoxolone methyl significantly increased
the mean eGFR compared with placebo at
24 weeks. The improvement lasted for another
28 weeks. Adverse events, particularly muscle
spasms, were more frequent in the bardoxo-
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lone methyl group. The Bardoxolone Methyl
Evaluation in Patients with Chronic Kidney
Disease and Type 2 Diabetes Mellitus: the
Occurrence of Renal Events study was
designed to confirm the findings of the BEAM
study. Unfortunately the study was prema-
turely stopped owing to unacceptable high
rates of cardiovascular events in patients
treated with bardoxolone methyl at a median
duration of 7 months, and no benefit was
observed about the risk of ESRD [28].

The beneficial effects of an Nrf2 agonist
called dh404, which is a derivative of bardox-
olone methyl, via reduction in inflammation
and oxidative stress but only at low doses have
recently been shown in mice. This finding
rekindles the interests on renoprotection via
activation of the Nrf2 pathway in DKD.

Key Messages

e DKD is the leading cause of ESRD and
is strongly associated with mortality in
patients with diabetes.

e Persistent albuminuria is the hallmark
of DKD, and some patients will finally
develop ESRD with gradually decreased
GFR and increased serum creatinine
concentration.

* GBM thickening, mesangial expansion,
mesangial matrix accumulation,
Kimmelstiel-Wilson nodules, and tubu-
lointerstitial fibrosis are typical patho-
logical changes in DKD.

e Screening for DKD should begin at
5 years after the diagnosis of type 1 dia-
betes and at the diagnosis of type 2 dia-
betes. Patients with diabetes may
annually undergo screening for DKD,
which should include measurement of
urinary ACR and serum creatinine con-
centration, estimation of GFR, and oph-
thalmologic examination.

* The progression of DKD may be slowed
by optimal therapeutic approaches, such
as lifestyle improvement, strict glyce-
mic and BP control, control of dyslipid-
emia, and RAAS blockade. Patients
who develop ESRD require renal
replacement therapy.

T.Caiand J. Yang
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