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Introduction

Diabetic nephropathy (DN) occurs in 20—40% of
patients with diabetes and is a major cause of
morbidity and mortality. It occurs not only in per-
sons with type 1 and type 2 diabetes mellitus
(DM) but also in secondary forms of DM, such as
after pancreatitis or pancreatectomy [1].

The number of people known to have end-
stage renal disease (ESRD) worldwide is grow-
ing rapidly, as a result of improved diagnostic
capabilities, the global epidemic of type 2 diabe-
tes (T2DM) and other causes of chronic kidney
disease (CKD) [2]. Diabetes is the most frequent
cause of severe CKD [1] and in Western coun-
tries is the leading cause of ESRD [3].

In the United States (US), the adjusted rate of
new ESRD cases, considering diabetes as the pri-
mary diagnosis, increased by 0.5% in 2009, to
154.1 per million inhabitants. The prevalence of
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the disease rises with CKD severity. In patients
with an estimated glomerular filtration rate
(eGFR) less than 30, 30—<45, and 45—<60, the
percentage of diabetes was 40, 27, and 18, respec-
tively, and the expenditure on Medicare for
patients with CKD and diabetes in that year was
US$18 billion [4].

The progression to ESRD is similar in type 1
and type 2 diabetes. However, as T2DM is more
prevalent, the majority of patients with ESRD are
type 2 diabetics. The World Health Organization
(WHO) has estimated that the number of diabetic
patients was 135 million in 1995 and should be
over 300 million in 2025 [5]. The prevalence of
diabetic nephropathy has increased [1] because
of the epidemic of diabetes, longer periods of dis-
ease without a good glycemic control, and
improvements in the treatment of hypertension
and coronary heart disease, which have pro-
longed the lifespan of patients with T2DM, and
increased the risk of developing complications
such as nephropathy and ESRD.

In many countries, such as the United States,
about 50 % of patients in renal replacement ther-
apy programs have diabetes as the major cause of
their renal failure [4]. However, a greater number
of patients with diabetes are in developing coun-
tries [6], which do not have sufficient resources or
a health infrastructure that would enable them to
provide universal renal replacement therapy.
Furthermore, even in developed countries, fewer
than 1 in 20 patients with DM and CKD survive to
ESRD, succumbing to cardiovascular disease
(CVD), heart failure, or infection, and the severity
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of diabetic renal disease significantly contributes
to this outcome [1].

Hence it is of great importance to obtain an
early diagnosis, appropriate management and the
development of new strategies of treatment, par-
ticularly those related to the control of glycemia,
blood pressure, and other comorbidities associated
with diabetes, that may lead to better outcomes.

Diagnosis

The term diabetic nephropathy is used to describe
a specific renal condition caused by diabetes,
characterized by hyperfiltration, persistent albu-
minuria of more than 300 mg/day, with a continu-
ous decline in the glomerular filtration rate (GFR),
raised arterial blood pressure (BP), and enhanced
cardiovascular morbidity and mortality [7]
(Table 36.1).

Persistent albuminuria in the range of
30-299 mg/24 h (microalbuminuria) is considered
the earliest stage of DN in type 1 diabetes (T1DM)
and a marker for development of nephropathy in
T2DM and for increased CVD risk [8].

The pathophysiological mechanisms in the
development of DN are multifactorial.
Hyperglycemia is related to structural and func-
tional changes such as glomerular hyperfiltration,
glomerular and tubular epithelial hypertrophy,
and microalbuminuria, followed by the develop-
ment of glomerular basement membrane (GBM)
thickening, accumulation of mesangial matrix,
evident proteinuria, and eventually glomerulo-
sclerosis and ESRD. Nevertheless, intensive ther-
apy to improve glycemic control is able to
attenuate the development of nephropathy, as
assessed by urinary albumin excretion (UAE),
but not fully prevent it [9] (Fig. 36.1).

Table 36.1 Laboratory tests for screening and diagnosis
of diabetic nephropathy

Albuminuria—albumin/creatinine ratio

Serum creatinine

3%eGFR-MDRD or CKD-EPI

2eGFR estimated glomerular filtration rate, MDRD modi-

fication of diet in renal disease, CKD-EPI chronic kidney
disease epidemiology collaboration—equation
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Hemodynamic and metabolic pathways are
involved in the development of DN.
Hyperfiltration and hyperperfusion injuries occur
very early in DN, and are glomerular hemody-
namic changes related to the decrease of arterio-
lar resistance, more evident on the afferent side,
which lead to a rise in glomerular capillary pres-
sure. In addition to hyperglycemia, other factors,
such as prostanoids, angiotensin II (ANGI),
nitric oxide (NO), atrial natriuretic factor, growth
hormone, glucagon, and insulin may be related to
the increase in filtration and perfusion. Vascular
endothelial growth factor (VEGF) and cytokines
such as transforming growth factor—beta (TGFp)
increase NO production and mediate hyperfiltra-
tion. Glomerulosclerosis occurs as a result of
high intraglomerular pressure, an increase in
mesangial cell matrix production and GBM
thickening [10, 11].

Hyperglycemia augments the oxidative stress
and overproduction of reactive oxygen species
(ROS) that stimulate protein kinase C (PKC)
pathways, advanced glycosylation end-products
(AGE) formation, TGFp, and ANG-II [10].

Glucose transporter-1(GLUT-1) regulates the
entry of glucose into the kidney cell and glucose
activates the metabolic pathways. Nonenzymatic
glycosylation of glucose produces AGE, acti-
vates PKC, and accelerates the polyol pathway;
hemodynamic changes activate VEGF, TGFp,
interleukin-1 (IL-1), IL-6, IL-18, and tumor
necrosis factor alpha (TNFo) and together
increase albumin permeability in GBM and
extracellular matrix accumulation, leading to
elevated proteinuria, glomerulosclerosis, and
tubulointerstitial fibrosis [11].

Pathologic abnormalities in the kidneys occur
before the onset of microalbuminuria. The hall-
mark of DN is a nodular glomerulosclerosis, the
Kimmelstiel-Wilson lesion [12], but less than
one-third of diabetic patients with microalbumin-
uria have the typical glomerulopathy [13]. The
earliest changes are an increase in the extracel-
lular matrix and mesangeal cell hypertrophy.
There is an increased deposition of type IV col-
lagen in GBM, and the thickening may start as
early as 1 year after the onset of TIDM, and later
in glomerulosclerosis the deposition of collagen



36 Diabetic Nephropathy

457

KIDNEY ALTERATIONS OF DIABETIC NEPHROPATHY
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Fig.36.1 Kidney alterations of diabetic nephropathy

type 1 and IIT also occurs. Hyperglycemia impairs
integrin expression and the structure and function
of the podocytes, which are glomerular epithelial
cells that cover the GBM. Hyperglycemia also
reduces the number of podocytes, which is related
to proteinuria, although this decrease is observed
even in the absence of proteinuria and occurs
before the development of glomerulosclerosis
and tubulointerstitial damage [11] (Fig. 36.2).

In view of the heterogeneity of kidney lesions
and the complexity of the natural history of DN
Tervaert et al., in 2010, defined four classes of
DN according to the glomerular lesions found on
electron microscopy that can be applied in both
type 1 and type 2 diabetes [14]. In this classifica-
tion class I is identified by an isolated GBM
thickening (>430 nm in males over 9 years of age
and >395 nm in females), with no evidence of
mesangial expansion, increased mesangial
matrix, or global glomerulosclerosis involving
more than 50 % of the glomeruli, and glomeruli
lesions then increase progressively to class IV,

which is characterized by advanced diabetic scle-
rosis. (>50 % global glomerulosclerosis).

The “conventional” natural history of DN was
defined in the 1980s, based on longitudinal stud-
ies of patients with type 1 and type 2 diabetes,
and divided DN into five stages [15] as follows:
stage 1 with a reversible glomerular hyperfiltra-
tion; stage 2 with normal GFR and normoalbu-
minuria; stage 3 GFR still normal but associated
with microalbuminuria (5-10 years after diagno-
sis of DM); stage 4, in which proteinuria appears
and may reach nephrotic range levels (after
10-20 years of diabetes progression); and stage
5, characterized by a GFR slope below 10 ml/
min/year and CKD, leading to ESRD.

Information on the likelihood of passing from
one stage to another in newly diagnosed patients
was provided by the findings of the United
Kingdom Prospective Diabetes Study (UKPDS)
[16]. However, the study also emphasized that
the risk of mortality increased in parallel with the
worsening of renal disease. After 10 years of
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METABOLIC AND HEMODYNAMIC PATHWAYS RELATED TO THE
PATHOPHYSIOLOGY OF DIABETIC NEPHROPATHY
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Fig. 36.2 Metabolic and hemodynamic pathways related to the pathophysiology of diabetic nephropathy

diagnosis 25 % of the patients with T2DM devel-
oped microalbuminuria and 5 % macroalbumin-
uria, and in the latter the death rate exceeded the
rate of progression to an advanced stage of
nephropathy [17].

The Diabetes Control and Complications Trial
(DCCT) showed that less than 2 % of patients on
intensive treatment developed renal failure after
30 years of diagnosis. The development of micro-
albuminuria in patients with T1DM usually begins
5-15 years after the onset of diabetes and increases
progressively. Patients without proteinuria after
20-25 years have an approximately 1 % per year
risk of developing clinical renal disease [9].

Nevertheless, another natural history of DN
has been identified, particularly in type 1 and
type 2 diabetic patients, although it is not clear
why some patients develop the “classical” DN

with significant proteinuria, while others have
impaired renal function associated with very low
levels of proteinuria that may persist until the
ESRD [8, 15].

It would be useful to identify individuals, still
normoalbuminuric, whose likelihood of progres-
sion to microalbuminuria is increased, but this is
not yet possible. In addition to environmental
influences, there is evidence in support of genetic
susceptibility to microvascular complications of
nephropathy in diabetic patients. Earlier investi-
gations that focused on genetic mapping have
generally yielded conflicting results, probably
because, like other human diseases or syndromes,
DN can develop from the interactions of several
genes that in isolation would have no effect but
which, when subtly altered, could predispose
to DN [18].



36 Diabetic Nephropathy

Table 36.2 Treatment targets of glycemia, blood pres-
sure, dislipidemia

Glycemic  HbAIC <7,<6.5

control

Caution with patients
with advanced kidney
disease and high-risk
CVD?

Caution with patients
with high-risk CVD
Stage 5 of kidney
disease: start statin
only if specific CVD
risk

BP® control <130 80 mmHg

LDLe <100/dl, <70 mg/dl

ACVD cardiovascular disease
°BP blood pressure
°LDL cholesterol low-density lipoprotein

Hence, it is important to enquire about the
family history of DN and to screen periodically
all diabetic patients. Microalbumin and serum
creatinine (SCr) tests are valuable laboratory
markers used to detect early signs of kidney dam-
age [4]. A recent study that evaluated the risk
stratification of kidney disease emphasized that
both the urine microalbumin level and urine albu-
min/creatinine ratio tests are needed to fully
assess kidney disease and its associated risks of
death and progression to ESRD [19] (Table 36.2).

“Kidney Disease: Improving Global Outcomes”
(KDIGO) conducted a meta-analysis of nine
cohorts from the general population and another
eight cohorts with a high risk for CKD, which con-
firmed that lower eGFR and higher albuminuria
are risk factors for ESRD, acute kidney injury, and
progressive CKD in both the general and high-risk
populations, independently of each other and irre-
spective of cardiovascular risk factors [20].

The gold standard for GFR measurement is uri-
nary clearance of an exogenous filtration marker,
which is expensive and troublesome, and in addi-
tion to which it varies during the day. In clinical
practice SCr is used to estimate GFR, applying the
modification of diet in real disease (MDRD) and/
or CKD epidemiology collaboration (CKD-EPI)
equations [21], which use clinical variables as
substitutes for unmeasured non-GFR determi-
nants and provide more accurate estimates than
SCr alone. Estimates of the CKD burden depend
in part on the equation used to define the eGFR:
when the more recent CKD-EPI equation is used,
the prevalence of eGFR below 60 ml/min/1.73 m2
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is lowered by a factor of 0.88 (6.9 versus 7.8 %),
compared with the estimate from the older MDRD
study equation [4].

In patients with TIDM the first screening is
recommended at 5 years after the diagnosis [22],
but it is suggested that patients with poor meta-
bolic control be evaluated at the onset of puberty,
which is an independent risk factor for microal-
buminuria [23]. On the other hand, as about 7 %
of the patients with type 2 diabetes will already
have microalbuminuria at the time of diagnosis
of diabetes, the screening must be started by then.
If microalbuminuria is absent, the screening must
be repeated annually for both type 1 and 2 dia-
betic patients [17].

In general, the Medical Societies recommend
that an assessment of UAE be performed annu-
ally [24, 25], starting at the diagnosis of T2DM
and 5 years after that for TIDM, in combination
with a measurement of SCr in order to estimate
GFR and determine the stage of CKD.

Kidney disease is classified in five stages [24]
according to the GFR (ml/min per 1.73 m? body
surface area), considering kidney damage as
abnormalities on pathologic, urine, blood, or imag-
ing tests. Stage 1 is characterized by kidney dam-
age with normal or increased GFR (>90), stage 2
also by kidney damage associated with mildly
decreased GFR (60-89), stage 3 by a moderately
decreased GFR (30-59), stage 4 by a severely
decreased GFR [15-29], and stage 5 as kidney
failure defined as GFR below 15 or dialysis.

In February 2007, a consensus conference in
the UK [26] approved the division of stage 3
CKD into stage 3A (eGFR 45-59) and stage 3B
(eGFR 30-44) and added the suffix “p” to the
GFR-based stage for patients with proteinuria
(random urine protein:creatinine ratio >100 mg/
mmol). These changes have been endorsed by the
National Institute for Health and Clinical
Excellence (NICE), the Scottish Intercollegiate
Guidelines Network (SIGN) and the National
Kidney Foundation Kidney Disease Outcomes
Quality Initiative (NKF-KDOQI). Patients at
stages 1-3 are considered to have early CKD.

The measurement of albuminuria may be per-
formed by albumin-to-creatinine ratio (ACR) in a
random spot collection, but also in 24-h or timed
collections, which are less predictive and accurate
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[25]. If albuminuria is abnormal, the test should be
confirmed by 2 or 3 samples within 3 or 6 months
because albumin excretion may rise due to exer-
cise within 24 h of sampling, infection, fever, con-
gestiveheart failure (CHF), marked hyperglycemia,
hypercholesterolemia, and high blood pressure.

In the new nomenclature the term microalbu-
minuria (UAE—30-300 mg/24 h (20-200 pg/
min) or ACR—30-300 mg/g) is replaced by
“high albuminuria” and macroalbuminuria (UAE
>300mg/24 h (>200 pg/min) or ACR >300 mg/g)
by “very high albuminuria,” now recommended
because the risk observed between urine ACR
and CVD and between the former and renal dis-
ease is continuous; there is no specific threshold,
and the risk is observed even in those with “high
normal” range urine albumin excretion [27]. In
addition, the term microalbuminuria does not
reflect the amount of albumin, but small albumin
molecules, and is becoming increasingly more
confusing as a result of new evidence that urine
may contain different immunoreactive moieties
and fragments of albumin [28].

Differential Diagnosis

Very often clinicians tend to attribute proteinuria
and renal impairment to DM, but that is not the
only renal abnormality found in diabetics [29].
Other causes of CKD should be considered in
patients that present with an absence of diabetic
retinopathy, low or rapidly decreasing GFR, rap-
idly progressive proteinuria or nephrotic syn-
drome, refractory hypertension, presence of
active urinary sediment, signs or symptoms of
other systemic disease or a reduction in GFR of
more than 30 % within 2-3 months after starting
angiotensin-converting enzyme inhibitors (ACEi1)
or angiotensin receptor blockers (ARBs) [24].
Moreover in some patients the DN may be asso-
ciated with other kidney diseases.

Nondiabetic renal disease (NDRD) includes a
heterogeneous mixture of the following
glomerular and nonglomerular conditions: [29]

1. Glomerular disease other than diabetic
nephropathy: immunoglobulin A nephropathy,
focal and segmental glomerular sclerosis,
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microvascular complications of diabetes, mem-
braneous glomerulonephritis, membranopro-
liferative glomerulonephritis, pauci immune,
systemic lupus erythematosus, and others.

2. Nonglomerular renal disease: macrovascular
(renovascular), acute kidney injury (acute
interstitial nephritis e.g. contrast nephropathy,
sepsis, ACEI/ARBs/direct renin inhibitor
(DRI) induced, and acute tubular necrosis e.g.
sepsis, diuretic toxicity), electrolyte abnor-
mality, urinary tract infection, etc.
Nevertheless, no consensus classification is

available at the moment for kidney biopsy in a

diabetic patient with any pathological condition.

Treatment—(Table 36.2)

Interventions that have been reported to be useful
in preventing or retarding the progression of DN
include the following: good glycemic and blood
pressure control, treatment of hyperlipidemia,
cessation of smoking, and restriction of protein
intake. Patients who develop ESRD will require
renal replacement therapy [30].

Blood pressure and glycemic control repre-
sent the major cornerstones for preventing and
treating diabetic nephropathy [4, 9]. The DCCT
reported that any decrease in hemoglobin A1C
(HbA1C) was strongly associated with a reduc-
tion in the risk of developing microalbuminuria
and progression to overt nephropathy [9], and
UKPDS clearly demonstrated a role for intensi-
fied glycemic control in subjects newly diag-
nosed with T2DM, in whom treatment led to a
fall in HbA1C from 7.9 to 7.0 % [31].

To reduce the risk or slow the progression of
nephropathy the American Diabetes Association
(ADA) recommends the optimization of glucose
and control of blood pressure. Recently, the
ADVANCE study demonstrated that the decrease
in HbA1C to a mean of 6.5 % was associated
with a further reduction in renal events, as
assessed by the development and progression of
microalbuminuria [32]. However, the findings of
the ACCORD study [33] led to controversy
regarding the appropriate HbA1C target for
reducing macrovascular disease.
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The major risk of reaching HbAIC levels
below 7.0 % is the increased likelihood of devel-
oping hypoglycemia. For people with decreased
kidney function (CKD stages 3-5), hypoglyce-
mia is a major concern because it impairs the
clearance of insulin and a number of oral agents
used to treat diabetes, as well as reducing kidney
gluconeogenesis [24]. Drug adjustments must be
made to prevent or, at least, reduce the risk of
hypoglycemia.

Sulfonylureas in general have predominantly
renal elimination and are not recommended for
patients with creatinine clearance (CrCl) below
50 ml/min, except for glypizide, which has hepatic
elimination of inactive metabolites and should be
interrupted when CrCl falls below 30 ml/min.
Malnutrition, acute illness, liver disease, and alco-
holism are risk factors for hypoglycemia.
Meglitinides are oxidized by the liver but still
entail a risk of hypoglycemia because active
metabolites may accumulate in renal dysfunction,
repaglinide being the one that accumulates the
smallest amount of metabolites. Metformin is
eliminated unchanged by the kidneys; NKF-
KDOQI contraindicated its use with a serum cre-
atinine over 1.5 mg/dl in males and 1.4 mg/dl in
women due to the risk of lactic acidosis, although
NICE recommends that it should be used with care
for patients with an eGFR below 45 ml/min/1.73 m?
and discontinued if the eGFR falls below 30 ml/
min/1.73 m? Acarbose is not recommended if
CrCl is below 25 ml/min, and miglitol produces
renal elimination, but as there are no studies in
patients with kidney disease, FDA do not recom-
mend either of them if serum creatinine is >2 mg/
dl. The risk of side effects when using thiazolidin-
ediones increases with renal disease [24, 34].

Exenatide and its formulation with extended
release are eliminated by renal filtration and need
no adjustment with CrCl above 50 ml/min.
Increases in the dosage from 5 to 10 pg should be
applied with care if CrCl is 30-50 ml/min and,
according to FDA, when CrCl is below 30 ml/
min it should be stopped. Liruglutide should be
used with care when CrCl is below 60 ml/min,
and when below 30 ml/min its side effects
increase, but experience of its use is still limited
in CKD. The dipeptidyl peptidase-4 (DPP4)
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inhibitor agents need no adjustment if CrCl
>50 ml/min; sitagliptine should be reduced to
50 mg/d if it is 30—50 ml/min and to 25 mg if <30
and saxagliptine to 2.5 mg if <50 ml/min.
Linagliptine is fecally eliminated unchanged, so
it may be safely used in patients with CKD.
Colesevalem and bromocriptin need no adjust-
ments. As up to 50 % of insulin is eliminated by
the kidney, it is recommended that it be reduced
by 25 % when CrCl is 10-50 ml/min and by 50 %
if it falls below 10 ml/min [24, 34].

In addition to the importance of glycemic con-
trol, it has been shown that a more aggressive BP
reduction reduces the progression of DN. The
mechanism of hypertension in DN is complex and
not fully understood, being related to excessive
sodium retention, activation of the sympathetic
nervous system (SNS) and the renin—angiotensin—
aldosterone system (RAAS), augmented oxidative
stress, and endothelial cell dysfunction (ECD) [35].

The UKPDS provided strong evidence that
control of BP can slow the development of
nephropathy [36]. Treatment using angiotensin-
converting enzyme inhibitors (ACEi) retards the
progression from micro- to macro-albuminuria
and can slow the reduction of the GFR in patients
with macroalbuminuria [37, 38]. In T2DM with
hypertension and normoalbuminuria, renin-
angiotensin system (RAS) inhibition has been
shown to delay the onset of microalbuminuria
[39, 40]. The evidences suggest that ACE inhibi-
tors [41] have renoprotective actions in addition
to their antihypertensive effects for primary pre-
vention [42].

Angiotensin receptor blockers have also been
shown to reduce the rate of progression from
micro- to macro-albuminuria, as well as ESRD, in
patients with T2DM. The Irbesartan in Diabetic
Nephropathy Trial (IDNT) [43] and Reduction in
Endpoints in noninsulin-dependent diabetes mel-
litus (NIDDM) study, as well as the Angiotensin
Antagonist Losartan (RENAAL) studies, have
reported the efficacy of ARBs in nephropathy [33].

The ROADMAP trial investigators evaluated
type 2 diabetics with normoalbuminuria and
reported that olmesartan was associated with
a delayed onset of microalbuminuria, with BP
control according to the current standards
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(<130x 80 mmHg), but there was a higher rate of
fatal cardiovascular events with olmesartan
among patients with preexisting CVD [40].

It is not known whether the RAS blockade
reduced progression to microalbuminuria in nor-
motensive T2DM. Mauer et al. reported that the
early blockade of the RAS in patients with TIDM
did not slow progression of nephropathy [44].

Furthermore, as it is not yet possible to predict
the patients at risk of developing nephropathy,
present evidence does not support the use of RAS
blockade for the primary prevention of DN [18].

Some reports show that the risk of progressive
DN continues to decrease with falls in BP even
below the normal range, and such reductions are
associated with better clinical outcomes. A recent
subanalysis from the BP arm of the ADVANCE
study suggested that optimal BP control is less
than 125/75 mmHg, particularly in those patients
with overt nephropathy [45].

The ideal BP goal in diabetic patients with
nephropathy remains questionable, and currently
the recommended target is considered to be the
same as that for the general diabetic population
[46]. An ACE inhibitor or an ARB, usually in
combination with a diuretic should be used to
treat hypertensive diabetics if CKD is at stages
1-4 with the target of <130/80 mmHg [24].

As the ACEi and ARB are individually reno-
protective, questions have arisen regarding the
usefulness of combined therapy. The suggestion
that a more complete inhibition of angiotensin
II, through non-ACE pathways would improve
the results stimulated some trials, the older ones,
that studied combinations of ACEi and ARB,
reported effects that were promising, with sig-
nificant reductions in albuminuria and/or BP
and a good tolerability. Nevertheless, the
Candesartan and Lisinoril Microalbuminuria
(CALM 1II) [47] study reported that after
12 months of treatment the effect of the com-
bined therapy was no different from the maximi-
zation of each therapy alone in relation to BP or
albuminuria. Concerns about this strategy came
up with the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint
Trial (ONTARGET) [48]. This study tested
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patients at high risk for a CV event with an
ACEi and/or ARB and observed no differences
between groups at the primary endpoint, com-
prising stroke, myocardial infarction, and sud-
den cardiac death. However, those patients
randomized to combination therapy had higher
rates of renal impairment and hyperkalemia, a
more rapid decline in eGFR and a greater need
for dialysis for acute renal failure episodes dur-
ing the trial.

Currently, there are no results from large-
scale, multicenter randomized trials to support
the use of combinations of an ACEi and an ARB
in patients with DN. The Combination
Angiotensin Receptor Blocker and Angiotensin
Converting Enzyme Inhibitor for Treatment of
Diabetic Nephropathy VA NEPHRON-D Study:
Nephropathy iN Diabetes Study (VA NEPHRON)
study is a multicenter, prospective, randomized
parallel group trial testing the efficacy and safety
of ACEi (lisinopril)/ARB (losartan) versus ARB
on the composite endpoint of reduction in GFR to
30 ml/min (if GFR >60 ml/min), reduction in
GFR by 50 % (if GFR <60 ml/min), ESRD, or
death in patients with DM?2 and nephropathy. The
results are expected between 2013 and 2014 and
may clarify a number of points [33].

Other drugs, such as diuretics, calcium channel
blockers, and fB-blockers, should be used as addi-
tional therapy to further lower blood pressure in
patients already treated with ACE inhibitors or
ARBs, or as alternative therapy for individuals
unable to tolerate those classes of drug. What is
generally recommended is the combination of an
ACE]i or ARB with another class of drug, preferably
a diuretic, and calcium channel blockers [24, 37].

ACEi/ARBs are recommended for people
with diabetes, proteinuria, CKD, and ACR over
2.5 mg/mmol (men) or 3.5 mg/mmol (women),
irrespective of the presence of hypertension or
stage of CKD, and should be titrated to the maxi-
mum tolerated therapeutic dose before the addi-
tion of a second-line agent, with monitoring of
the eGFR and serum potassium [37].

The treatment of other comorbidities such as
obesity and dyslipidemia should also be consid-
ered in patients with DN. Obesity is associated
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with glomerular hyperfiltration and an increase in
transcapillary hydraulic pressure, hemodynamic
changes that may accelerate the development and
progression of CKD [38]. Weight loss amelio-
rates obesity-induced glomerular hyperfiltration
and decreases proteinuria, in addition to its ben-
eficial effects on BP and diabetes control [49].

Dyslipidaemia is a risk marker for progressive
kidney injury and a risk factor for CVD. However,
the evidence that the treatment of dyslipidaemia
reduces CKD progression is mostly restricted to
post hoc subgroup analyses from large cardio-
vascular clinical trials, such as the Heart
Protection study and the Cholesterol and
Recurrent Events (CARE) study. Results from
the Study of Heart and Renal Protection trial
(SHARP) showed no significant differences in
the number of patients with CKD suffering from
kidney failure. People with DM and CKD should
be treated according to current guidelines for
high-risk groups [49].

The target for low-density lipoprotein choles-
terol (LDL-C) in people with DM and CKD
stages 1-4 should be below 100 mg/dl, but may
be considered to be below 70 mg/dl, while
patients whose level is above the target should be
treated with a statin, which is the preferred ther-
apy [24, 25]. However, a statin should only be
started in patients on hemodialysis therapy if
there is a specific cardiovascular indication.

No adjustment of dosage is necessary for bile
acid sequestrants, niacin, ezetimibe, atorvastatin,
or pravastatin. The dosage of rosuvastatin should
not exceed 10 mg if CrCl is below 30 ml/
min/1.73 m? and the patient is not on hemodialy-
sis; it is recommended that simvastatin therapy
be started at 5 mg daily in patients with severe
kidney disease; daily doses of lovastatin above
20 mg should be used with care if CrCl is below
30 ml/min, while fluvastatin may be used with
care in patients with severe kidney disease, but
there are no studies using doses greater than
40 mg. The dose of gemfibrozil should be
decreased or alternative therapy considered in
patients with SCr over 2 mg/dl. Therapy with
fenofibrate should be started at 54 mg daily; its
effects on kidney function and lipid concentra-
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tions should be assessed and the dose reduced in
patients with CrCl below 50 ml/min [24].

Smoking has also been shown to increase the
risk of progression of CKD to end-stage renal
disease (ESRD) irrespective of the primary renal
disease; hence the indication is a total cessation
of smoking.

A diet therapy with protein restriction is rec-
ommended for patients with CKD as it has a
great impact on this population. Although dietary
protein is limited, adequate caloric intake should
be maintained by increasing calories from carbo-
hydrates and/or fats and the qualitative and quan-
titative aspects of proteins, carbohydrates, and
fats should also be taken into consideration.
A reduction in protein intake to 0.8-1.0 g/kg
body wt/day in individuals at the earlier stages of
CKD and below 0.8 g/kg body wt/day at the later
stages of CKD may improve the results of renal
function as assessed by UAE rate and GFR [24].

The optimal time for initiation of chronic dial-
ysis remains unknown. There is a trend in the
nephrology literature toward an earlier initiation
of dialysis. However, prospective data that could
guide physicians are not yet available [50].

Patients with CKD stage 4 should be referred
to a nephrologist. Late nephrology referral before
dialysis initiation is associated with increased
morbidity and mortality [51].

Kidney transplantation provides high-quality
life years for patients with ESRD. The largest
numbers of transplants are performed in the
United States, China, Brazil, and India, and the
countries whose populations have the greatest
access to transplantation are Austria, the United
States, Croatia, Norway, Portugal, and Spain.
However, access to transplantation is still consid-
erably limited across the globe [2].

Guidelines [24, 25] recommend that all
patients be evaluated annually with the measure-
ment of creatinine, UAE and potassium, and that
those GRF is 4560 referred to a nephrologist if
a nondiabetic kidney disease is suspected. The
eGFR should be monitored every 6 months and
bicarbonate, hemoglobin, calcium, phosphorus
and, parathyroid hormone at least once a year;
ensure vitamin D sufficiency and consider bone
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density testing due to the relation between
nephropathy and bone disease. The need for dose
adjustment of medications should be evaluated
and the patient referred for diet counseling. If the
GFR is 30-44, the eGFR should be monitored
every 3 months and electrolytes, bicarbonate, cal-
cium, phosphorus, parathyroid hormone, hemo-
globin, albumin, and weight every 3—6 months;
dose adjustment of medications should be con-
sidered, and if GFR is below 30, the patient
should be referred to a nephrologist.

Hemoglobin A1C (A1C) remains a widely
used and trusted tool for assessing glycemic con-
trol in patients without advanced nephropathy or
anemia, but there are conflicting data as to what
A1C level should be targeted to prevent compli-
cations, especially cardiovascular ones, in
patients with nephropathy. A lower value of A1C
for similar glucose levels is seen in patients with
DN than for those without nephropathy. This
observation may reflect a shortened erythrocyte
survival. The accuracy of the A1C assay is dimin-
ished by uremia and unadjusted A1C results are
not the optimal assay for patients on hemodialy-
sis or peritoneal dialysis treatment as it may
underestimate glycemic control in those patients
[24, 52].

It is reported that glycated albumin (GA) more
accurately reflects recent glucose control, but it is
still necessary to prospectively assess the impact
of GA on patient survival and hospitalizations.
Freedman et al. reported that for each 5 %
increase in GA, the risk of death increased by
14 % in patients under dialysis treatment, and
A1C and casual serum glucose did not predict
survival. Glycated albumin may be influenced by
albuminuria, cirrhosis, thyroid dysfunction, and
smoking, and A1C not only by advanced
nephropathy but also by a rapid change in diabe-
tes control, severe anemia, hemolytic anemia,
iron deficiency, recent blood transfusion, HIV
positivity treated with antiretroviral therapy,
erythropoietin, and other drugs interacting with
erythropoiesis, and chronic alcohol abuse.
However, until the GA assay is available, fre-
quent measurements of serum glucose appear
more valuable than A1C in patients on dialysis to
evaluate glycemic control [52].

E. Bandeira and D. Queiroz

Novel Therapies

The mechanisms involved in injury to the kidney
glomerular, interstitial, and vascular functions
consist of inflammation, oxidative stress, endo-
thelial dysfunction, and accelerated fibrosis, as
described above. Endothelium dysfunction con-
sists of the impairment of many aspects of endo-
thelial functions, including the anti-inflammatory,
antiproliferative ones and  vasodilatation.
Vascular inflammation is a result of a combina-
tion of an impaired vasomotor response, an
increase in cell proliferation and platelet aggre-
gation, and vascular permeability.

Extensive research is currently underway in
this field and several new pathogenic mediators
for DN have been discovered, including renin;
AGE; PKC; transforming growth factor—Beta 1
(TGF-B 1); NO; VEGF; and oxidative stress.

Studies have focused on the role of these media-
tors and possible novel treatments using these
approaches, and following new classes of treat-
ment are under investigation: protein kinase
C-inhibitor (ruboxistaurin); glycosaminoglycans
(sulodexide); AGE formation inhibitors (amino-
guanidine, ALT-946, pyridoxamine, thiamine);
endothelin receptor antagonist (avosentan,); direct
renin inhibitor (aliskiren); AGE breakers (alage-
brium, TRC4186); AGE receptor antagonists
(endogenous secretory RAGE, RAGE antibody);
TGF inhibitors (pirfenidone, SMP-534); connec-
tive tissue growth factor (CTGF) inhibitors (anti-
CTGF ab); VEGF inhibitors (SU5416);
anti-oxidant (curcumin); hemorheologic properties
and phosphodiesterase inhibitor (pentoxifiline).

Some of these have yielded promising results
in trials, but more clinical studies are still needed
to establish their effects on DN, as with aliskiren,
pyridoxamin, pentoxifilin, roboxistaurin, pirfeni-
done and anti-CTGF antibody (Table 36.3).

All the other drugs, despite their promising
results in animal model, are not the subject of any
current trial. The ASCEND study on avosentan was
discontinued due to drug-related adverse events,
and initial studies of sulodexide were promising,
but a major adequately powered clinical study did
not confirm those promising findings [33, 53].
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Table 36.3 Novel drugs for the treatment of diabetic nephropathy with promising results in initial trials

Drug Class

Aliskiren Direct renin inhibitor

Pyridoxamine AGE?* formation inhibitors

Pentoxifylline Hemorheologic phosphodiesterase inhibitor
Roboxistaurin PKC¢beta inhibitor

Pirfenidone, SMP 534  Antifibrotic, TGF-f inhibitors

Anti-CTGF? antibody ~ Anti-CTGF therapy

*AGE advanced glycosylation end-products
SUAE urine albumin excretion

°PKC protein kinase C

dCTGF connective tissue growth factor
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