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In 1801 the English physician Erasmus Darwin
(1731-1802) recognized some patient with dia-
betes whose urine could be coagulated by heat,
indicating proteinuria, and associated this
finding with dropsy and general swelling. In
1936, the seminal discovery by Kimmelstiel and
Wilson showed the morphologic changes by
the description of glomerular lesions in diabet-
ics with nephropathy. Today, diabetic renal
disease is now worldwide the major cause of
end-stage renal failure. Besides the uncountable
individual suffering of patients with diabetic
nephropathy, there is an increasing economical
burden for such patients. Patients with diabetic
renal disease have a very high cardiovascular
morbidity and mortality. The spectrum of
patients with diabetes and renal disease has
completely been changed: 25 year ago diabetic
nephropathy was a feature of patients with type
1 diabetes, type 2 diabetes was considered a rela-
tively rare even a “normal” process of aging.
Now, the increasing pandemic of patients with
type 2 diabetes makes this group the largest suf-
fering from diabetic nephropathy, albeit the
incidence of patients with type 1 diabetes has
also increased in recent years. The current book
provides an up-to-date review of many aspects,
not only of diabetic nephropathy but of the

more complex relationship between the kidney
and diabetes. All the contributors to this book
are experts in their fields. It covers a wide range
of topics from epidemiology, pathophysiology
and genetics to concrete treatment recommen-
dations and algorithms for the practicing physi-
cian. Furthermore, the reader will also find
chapters on topics normally not found in stand-
ard books on diabetic nephropathy, such as
diabetic nephropathy in children, the relation-
ship between retinal and renal diabetic com-
plications and diabetes, bone, and the kidney.
Therefore, the book is not only for the expert
nephrologists and diabetologists, but also for
general internists and primary care physicians.
The authors have put an enormous amount of
work into this book. They would be happy if
this contribution could help to better care for
patients with diabetes and renal affections.
Many thanks to Wiley-Blackwell (especially Jen-
nifer Seward) for agreeing to start this ambigu-
ous projects and for the continuous help while
carrying it out.

Professor Dr. Gunter Wolf MD, MHBA
Department of Internal Medicine III
University of Jena

Jena, Germany
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Involvement of different renal cell types in pathogenesis of diabetic nephropathy (DN). Multiple factors
contribute to the pathogenesis of DN. Via “crosstalking” the glomerular cell types (mesangial cells, glomerular
endothelial cells, and podocytes) are involved in thickening of the glomerular basement membrane and mesangial
expansion as well as via upregulation of various mediators, such as transforming growth factor (TGF)-B1, vascular
endothelial growth factor, angiotensin Il, reactive oxygen species (ROS), and MCP-1, in glomerular inflammation,
glomerulosclerosis, and vascular endothelial dysfunction (VED). In addition to some of these glomerular changes
and the pathology of podocytes, tubules also contribute to the development of albuminuria, a hallmark of DN.
Increased extracellular matrix (ECM) production by the renal interstitial cell types (tubular cells, resident fibroblasts,
activated myofibroblasts, and mast cells) leads to tubulointerstitial fibrosis, another characteristic feature of DN.
See text for details. Reproduced from D'Agati V, et al. RAGE, glomerulosclerosis and proteinuria: roles in podocytes
and endothelial cells. Trends Endocrinol Metab 2010;21:50-6.
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Hypothesis of progression of tubulointerstitial fibrosis by EMT and EndMT. Interstitial myofibroblasts
responsible for synthesis of ECM and contribution to fibrosis have been proposed to be derived from more
sources: (1) proliferation/activation of resident fibroblasts, (2) epithelial-to-mesenchymal transition (EMT), (3)
endothelial-to-mesenchymal transition (EndMT), and/or (4) infiltration of circulating bone marrow-derived fibro-
cytes. Initiated by external stimuli (e.g., hyperglycemia, cytokines, extracellular matrix) tubular or endothelial cells
lose their cell-cell contacts and start to express mesenchymal markers (e.g. o-smooth muscle actin, vimentin) and
undergo EMT and EndMT, respectively. The initially metastable cells, which coexpress tubular/endothelial and
mesenchymal markers, disengage themselves from cell connective and transdifferentiate to interstitial myofibrob-
lasts. These mesenchymal cells derived from epithelium or endothelium in the tubulointerstitium contribute to
progression of DN. Modified and supplemented according to Kizu A, et al. Endothelial-mesenchymal transition
as a novel mechanism for generating myofibroblasts during diabetic nephropathy. Am J Pathol 2009;175:1371-3,

and Barnes JL, et al. Myofibroblast differentiation during fibrosis: role of NAD(P)H oxidases. Kidney Int

2011,;79:944-56.
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Plate 5.1 Typical morphologic alterations of diabetic nephropathy (DN). Early (a) and advanced stage (b) of DN
with glomerulosclerosis, thickening of the tubular basement membrane (a), tubular atrophy, interstitial fibrosis,
signs of acute tubular damage with cast-like intratubular material and mild interstitial inflammation (b). Periodic
acid Schiff (PAS) stain x100. (c) Characteristic glomerular and vascular changes in DN with mild to moderate
diffuse to nodular glomerulosclerosis and arteriolar hyalinosis (arrow). PAS stain, x400. (d) Pseudolinear positivity
for IgG in DN (x400). (e) Semithin section with moderate mesangial matrix expansion and marked thickening of
the glomerular basement membrane (GBM) as well as hyalinosis of the Vas afferens (x400). (f) Electron microscopy
(x7750) confirming marked thickening of GBM together with foot process effacement of podocytes.
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Plate 5.2 Classes of diabetic nephropathy (DN) according to Tervaert et al. (2010) [periodic acid Schiff (PAS),
x400]. (a) Class 1, i.e. mild or non-specific light microscopic changes. (b, ¢) Class Il with mild mesangial expansion
>25% and patent capillary lumen (class lla, b) or severe mesangial expansion with mesangium > capillary lumen
(class llb, ©). (d, e) Class Ill, i.e., nodular type glomerulosclerosis (Kimmelstiel-Wilson lesion). (f) Class IV, i.e.
advanced diabetic nephropathy with lesions from class I-lll in >50% of glomeruli with lesions from class I-ll.
Classes of diabetic nephropathy (DN) according to Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT,
Drachenberg CB, Ferrario F, Fogo AB, Haas M, de Heer E, Joh K, Noel LH, Radhakrishnan J, Seshan SV, Bajema
IM, Bruijn JA: Pathologic classification of diabetic nephropathy. / Am Soc Nephrol 2010;21:556-63.

a5U9017 S‘Jmuwoo aAIIea1D) 3|deat|dde ay) Ag peusenob sk sajole VO '8sn Jo se|n. Joj Ariqi8UIUO AS|IM Uo (SUO!IIDUOO-plE-SleIwOU'fSI!M'/(JEJQ!BU!IU@W) SUONIPUOD PUe SIS 1 8y} 89S *[9202/20/82] U0 Akeiqiauliuo AB|IM ‘Ireuupuld JO AisieAlun Aq /iopwodAa|im Aselq puluo//sdny wo.j IBO#GIUMOG



Ucé:_omea from https://onlinelibrary.wiley.com/doi/ by University Of Cincinnati, Wiley Online Library on [28/07/2026]. See the Terms and Conditions A_‘ﬁ@:__:m:cﬂw%é_ ley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative OoBBo_.‘w License

Introduction and Pathophysiology
®




History of diabetic nephropathy:
a personal account

Eberhard Ritz

Carola Ruperto University Hospital, Heidelberg, Germany

Type 2 diabetes and diabetes-associated neph-
ropathy have currently become worldwide
epidemics, but they are by no means com-
pletely novel diseases. No unequivocal descrip-
tion of diabetes mellitus is found in the Corpus
Hippocraticum or in the subsequent European
medical literature; in Europe it was centuries
before the sweet taste of urine in subjects with
diabetes was described by Thomas Willis in
1674, and for sugar as the responsible chemical
compound to be identified in the urine by
Matthew Dobson in 1776.

In contrast, an impressive body of evidence
documents the common presence of diabetes,
presumably the result of genetics and lifestyle,
in ancient India and China, and later in Arabia
and Iran, pointing to the diagnostic acumen
of the physicians of these countries in the
distant past.

The characteristic “sweet urine” in diabetes
was mentioned in the Indian Sanskrit literature

covering medicine and presumably written
between 300 BC and AD 600 [1]. These ancient
physicians mentioned “sugar cane urine”
(Iksumeha) or “honey urine” (Madhumeha and
Hastimeha) as well as “urine flow like elephant
in heat”. They noted that ants and insects
would rush to such honey urine—strongly
suggesting that this observation was the con-
sequence of glycosuria and diabetes. This
condition was correctly ascribed to excessive
food intake and insufficient exercise; the
authors also mentioned the cardinal symp-
toms: polyphagia, polyuria, and polydipsia;
even the secondary sequelae of diabetes, such
as abscess formation, carbuncles, lassitude,
and floppiness, were reported. Proposed inter-
ventions included the very rational advice of
active physical exercise and long marches. In
China, theoldestdescription of diabetesas “Xiao-
ke” (wasting thirst or emaciation and thirst)
syndrome can be traced back more than 2000
years to the Yellow Emperor’s Classic of Internal
Medicine. Ancient Chinese physicians had

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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History of diabetic nephropathy: a personal account

noted that “sweet” urine was a manifestation
of a disease characterized by hunger and poly-
phagia, by thirst and polydipsia as well as by
polyuria. In addition, Chinese literature has
described the characteristic complications of
skin abscesses, infections, blindness, turbid
urine, and edema. The pathogenesis of this
condition was ascribed to improper fatty,
sweet, and excessively rich diet. Interventions
with diet therapy, exercise, herbal medicine,
and acupuncture were proposed.

In Arabian (and Persian) literature diabetes,
called “Aldulab” (water wheel), as a disease char-
acterized by polydipsia, polyuria, and marasm
was described by the scholar Aba Ali al-Husain
ibn Abdullah ibn Sina (Avicenna AD 980-1037
) [2]. It is also of interest that Maimonides, a
Jewish physician who emigrated from Toledo
to Egypt commented on a disease in Egypt of
fat, elderly men characterized by polyuria and
rapid physical decay; he stated that he had
never seen this condition in his native Toledo,
illustrating the apparent rarity of diabetes in
Europe at that time. Subsequently, in medieval
Europe diabetes definitely existed, at least in
the upper class, as suggested by the available
descriptions of the terminal diseases of Henry
VIII of England, Louis XIV of France, August
der Starke of Saxony, and others. However, it
was centuries before the sweet taste of urine
in diabetes was described by Thomas Willis
(in 1674) and before sugar in the urine was
identified as a distinct chemical substance by
Matthew Dobson (in 1776).

Nevertheless some key observations had
been made very early. Domenico Cotugno
(De Ischiade Nervosa, Commentarius Graffer,
Vienna, 1770) described what in retrospect
presumably was proteinuria in a nephrotic
patient with coagulable urine; later proteinu-
ria was described in diabetic patients on many
occasions.

In the 19th century, with increasing wealth
and an increasing prevalence of obesity, a pro-
gressive increase in the frequency of type 2

4

diabetes was noted. In type 2 diabetes, pro-
teinuria was repeatedly described in the 19th
century, but end-stage renal disease (ESRD)
was apparently uncommon in type 2 diabetic
patients, presumably because most patients
died from cardiovascular events or other
(mostly infectious) complications before the
manifestations of advanced kidney disease
appeared. The failure to recognize renal disease
as a sequela of diabetes is illustrated by the fact
that Friedrich Theodor von Frerichs had written
a brilliant description on the pathophysiology
underlying proteinuria and kidney disease
[3]; yet, disappointingly, in his encyclopedic
book on diabetes (Uber den Diabetes, Betlin,
1884, Verlag August Hirschwald), the standard
book on diabetes in the German literature,
he mentioned only tubular and interstitial
lesions of the kidney, and did not mention the
glomeruli at all. Surprisingly, he states that the
kidneys of diabetic patients are usually small
and that interstitial tissue is increased.

Later, Armanni described vacuolization in
proximal tubular epithelial cells with subnu-
clear deposits of glycogen and fat in the
kidneys of diabetic patients (Armanni-Ebstein
lesion) [4].

It was Griesinger who first provided a
systematic analysis of kidney morphology [5]
describing, 64 autopsies of diabetic individu-
als. This analysis was based on the available
literature and included seven of his own
patients whom he had treated up to this point
in Tiubingen, reflecting the relative rarity of
diabetes at that time. Fifty-eight per cent of the
patients were between 20 and 40 years, and he
stated that diabetes was rare elderly people. He
stated,

the opinion that the kidneys are infrequently
affected in this disease and changes of the
kidneys, if any, would consist only in true
hypertrophy is wrong. In any case, these dis-
eases of the kidneys complicate diabetes in a
remarkable fashion and are the trigger for
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a series of pathological processes in many
advanced cases. The frequency of these renal
lesions is in line with the frequent finding
that many diabetic patients have protein
in their urine, mostly not constantly, but
often at times copiously. . . . there are, how-
ever, cases where — with the onset of albu-
minuria — sugar disappears from the urine.
In these cases usually morbus Brightii takes
its known course with generalized hydrops
etc. In the majority of cases, moderate albu-
minuria coexists with glycosuria . . . .

Another description of kidney lesions was pro-
vided by Abeille [6], who stated,

most frequently one finds only simple
hypertrophy of the kidney at autopsy . . . in
some cases these organs were the seat of
Bright’s disease, i.e. albuminuria associated
with glucosuria . . . it has been stated that
albuminuria documents regression of the
disease . . . to the contrary it is the result of
functional trouble or evidence of structural
lesions as a result of Bright's disease.

What had been widely known in the 19th
century was the high prevalence of albuminu-
ria in diabetes; characteristic is the observation
of Schmitz, who stated that in 1200 diabetics
he found different amounts of urinary protein
in 824 cases; he stated “I never saw uremia to
occur in an albuminuric diabetic patient, pre-
sumably because they died beforehand from
cardiovascular causes” [7]. Naunyn [8] had an
interest in diabetes, and the pancreatic secre-
tion of a glycemia-lowering substance had
been discovered by Mehring and Minkowski at
his clinic in Strasburg. Naunyn found albu-
minuria in 34 of 134 young diabetic patients,
of whom six patients excreted >1g of albumin
per day. He also confirmed the above-
mentioned observation that glycosuria disap-
peared when proteinuria increased. The same
observation was also made by van Noorden [9].

At this time, a key finding for the under-
standing of diabetic nephropathy was the dis-
covery by Etienne Lancereaux in 1880 that
there are two types of diabetes, i.e. type 1
(diabete maigre) and type 2 (diabetes obese).

It is of interest that in the 19th century and
even in the first decades of the 20th century,
chronic kidney disease in diabete patients is
not mentioned at all in major textbooks on
kidney disease, e.g., by Volhard or Fishberg.
Franz Volhard in his ground-breaking descrip-
tion of kidney disease [10] completely ignored
diabetes as a cause of kidney disease in this
seminal work. Even later in Fishberg’s book
[11], the reference to diabetes is limited to dia-
betic coma and to prerenal azotemia; he stated
“nephritis is extremely rare in diabetes and if
it occurs, it is not the result of excessive ‘work’
of the kidney, but is caused by accompanying
problems, e.g., tuberculosis, cardiac disease,
arteriosclerosis.” In summary, apart from rec-
ognizing diabetes as a cause of proteinuria,
diabetes was not on the radar of most physi-
cians with an interest in nephrology. Even
among diabetologists, nephropathy was not at
the forefront of interest until approximately 20
years after the introduction of insulin treat-
ment—the latency until severe renal problems
arise.

Etienne Lancereaux (1829-1910) in his
paper “Le diabete maigre: ses symptomes, son
evolution, son prognostie et son traitement”
had introduced the concept of “diabete maigre”
and “diabéte obese” in 1880. In retrospect, it
is of interest to note that the breakthroughs
achieved by the early descriptions of Kimmel-
stiel [12] and of Allen [13] almost all concerned
patients with type 2 diabetes with a relatively
long duration of the disease, presumably
because type 1 diabetic patients had often suc-
cumbed before they had time to develop
glomerulosclerosis. After insulin became avail-
able, it usually took up to two decades for ter-
minal kidney disease to develop. Subsequently,
however, in the 1960s and 1970s, the focus of
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attention in clinical and anatomical studies on
diabetic nephropathy was on type 1 diabetic
patients who had at this point in time lived
long enough to develop advanced diabetic
nephropathy, which takes more than 10 to 20
years to develop.

All this started with the brilliant description
of intercapillary lesions in diabetic patients by
Paul Kimmelstiel and Clifford Wilson in 1936
[12]. Kimmelstiel was born to a Jewish mer-
chant family in Hamburg and was associate
professor at the Department of Pathology in
Hamburg-Eppendorf. In 1933 he emigrated to
the USA and worked at the Harvard Institute
of Pathology, where he met Clifford Wilson
with whom he described the intercapillary
changes of the glomerulus in diabetes mellitus
in a landmark publication. He studied the
kidneys of eight patients who had presented
with massive edema (out of proportion to
existing cardiac failure) with hypertension of
the “benign” type and with a history of long-
standing diabetes. The glomeruli were regu-
larly hyalinized (staining for fat, but only
exceptionally yielding double refraction) and
the number of capillaries was reduced. Often
a ring of open capillaries surrounded central
hyaline masses. A very high degree of “arterio-
sclerosis” with fatty degeneration was seen
in the arterioles. Although the basement
membrane of the capillaries was preserved for
a long time, it eventually changed and the
capillary walls thickened homogeneously near
the central hyaline masses; the capillaries col-
lapsed and finally merged with the central
hyaline. There was no definite proof of an
inflammatory process. He gave a very detailed
account of the differences between this
novel lesion and intercapillary glomerulone-
phritis as described by Fahr, an extracapillary
glomerulonephritis emphasizing the striking
hyaline thickening of the intercapillary con-
nective tissue of the glomerulus. The non-
inflammatory degenerative nature of the lesion
suggested to him that both arteriosclerosis and

diabetes were involved in its causation, and
prompted him to coin the novel term “inter-
capillary glomerulosclerosis”. Interestingly,
in 1934, MacCallum had described glomeru-
lar lesions resembling Kimmelstiel-Wilson
lesions; however, he failed to make the con-
nection to diabetes and ascribed this to “the
ageing process of the glomerulus”.

Kimmelstiel’s concept of a diabetes-specific
glomerular disease was confirmed and more
firmly identified as a sequela of diabetes by
Allen in New York [13]. He popularized the
concept of a specific glomerular lesion caused
by diabetes, based on autopsies of a much
larger cohort of 105 diabetic patients, 34% of
whom showed this specific lesion. He noted
that it was virtually specific for diabetes (which
is no longer absolutely true today, e.g., it may
be seen in k-light chain nephropathy etc.).

In the early 1970s, more and more diabetic
patients were started on hemodialysis; these
were initially almost exclusively young patients
with type 1 diabetes (interestingly the first type
1 diabetic patient who started hemodialysis
in Downstate Medical Center Brooklyn as a
compassionate case was the husband of a dialy-
sis nurse). The initial outcomes were most
unsatisfactory [14], and in these days it was
stated “Diabetic nephropathy is irreversible in
humans; no case of recovery or cure has been
reported in the literature; once the clinical
signs of nephropathy have become manifest,
the natural course is inexorable progressive
to death” [15]. The helpless situation of the
physician at this time was illustrated by the
statement “. . . the renal failure will progress
in spite of all forms of therapy. In the terminal
stage the physician’s role will mostly be of
psychological nature, attempting to main-
tain a reasonable degree of optimism in the
patient . . .” [16]. It was only later on that the
major proportion of patients with advanced
diabetic nephropathy developing terminal
renal failure suffered from type 2 diabetes. In
retrospect it is amusing that we [17] had great
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difficulty to get our paper published which
indicated a “similar risks of nephropathy in
patients with type 1 or 2 diabetes mellitus”—
this statement was based on the finding that
the cumulative risk of proteinuria after 25 years
of diabetes mellitus was 57% in type 2 diabetes
and 46% in type 1 diabetes. Obviously it was
felt that renal complications were mostly
restricted to patients with type 1 diabetes. In
the early 1970s, when diabetics first started on
dialysis, it was mainly relatively young type 1
diabetic patients. Today this has become a
small minority (2.2% of diabetic patients on
hemodialysis in Germany [18] while type 1 plus
type 2 diabetes currently accounts for 49.6% of
all hemodialysis patients in Germany [18].

The progress in understanding the underly-
ing pathophysiology of diabetic nephropathy,
the introduction of treatments to prevent,
stop, or at least retard progression of diabetic
nephropathy, and the progressively better out-
comes of the treatment of end-stage diabetic
nephropathy by dialysis or transplantation has
been an impressive success story in recent
decades. For reasons of space we focus on
interventions that interfere with the progres-
sion of diabetic nephropathy.

A major initial step forward was the intro-
duction of quantitative morphology by Os-
terby in Aarhus. She showed that in the early
stage of diabetes the basement membranes
were normal (thus excluding the then popular
hypothesis of a pre-existing capillary defect
predisposing to diabetic nephropathy). She
concluded that such changes of the capillary
membrane were the consequence of hypergly-
cemia—thus opening the window to preven-
tion by achieving near-normal glycemia [19]

In those days, the notion prevailed that dia-
betic nephropathy was a unidirectional process
with continuous downhill deterioration. The
observation of Fioretto [20] provided evidence
that the lesions of diabetic nephropathy are
potentially reversible after pancreas transplan-
tation. Using quantitative methods to evaluate

glomerular morphology, she studied at base-
line and after 5 and 10 years eight microalbu-
minuric type 1 diabetic patients who had
received a pancreas transplant. Before trans-
plantation median albuminuria was 103 mg/
day; it had decreased to 20mg/day 10 years
after pancreas transplantation. Although 5
years after pancreas transplantation the thick-
ness of the glomerular and tubular basement
membranes had not changed, after 10 years
the thickness of the glomerular basement
membrane had significantly decreased from
570 £ 64nm to 404 £ 38nm; the mesangial
fractional volume had decreased as well (base-
line 0.33 £ 0.007; at 10 years 0.27 £0.02 p =
0.05), thus documenting that in principle the
lesions of diabetic nephropathy are even
reversible with longstanding normoglycemia.

In an important later study on the morphol-
ogy underlying progression, Osterby showed
that the onset of proteinuria is associated with
widespread disconnection of the junction
between the proximal tubuli and the associ-
ated glomerulus, leading to atubular glomeruli
and loss of glomerular function [21]. She also
showed that in type 2 diabetes, the lesions are
more heterogeneous and resemble the typical
histological pattern of type 1 diabetic lesions
only in a minority of cases [22].

In the clinical arena, the door for early diag-
nosis of glomerulopathy was opened with the
availability of an immunoassay for urinary
albumin in low concentrations [23]. The estab-
lishment of this novel methodology permitted
Keen’s collaborator Giancarlo Viberti [24] to
examine 87 patients with insulin-dependent
diabetes mellitus in whom the urinary albumin
excretion rate (AER) was measured in 1966/67;
at follow-up after 15 years, 63 of the original
cohort were alive and were restudied; the others
had died in between. The development of
albustix-positive proteinuria was related to past
AER values in 1966/67: the advanced stage of
proteinuria had developed in only two of 55
patients with an initial AER <30mg/min, but in
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seven of eight patients with AER 30-140mg/
min—illustrating the power of “microalbu-
minuria” to predict the evolution of clinical
diabetic nephropathy. With foresight he postu-
lated that such levels of AER are potentially
reversible, pointing to the possibility of the
prevention of diabetic kidney disease. This
key observation was quickly confirmed by
other authors, specifically Mogensen [25] and
Parving [26].

Furthermore, Mogensen [27] provided the
evidence that in type 2 diabetic patients micro-
albuminuria was predictive of renal and cardio-
vascular risk and stated that “screening for
microalbuminuria in such population will
identify high risk patients with abnormalities
that are potentially treatable.” Today, monitor-
ing of urine albumin excretion is part and
parcel of the standard of care for diabetes and
has done much to increase awareness of the
renal (and cardiovascular) complications of
diabetes.

The potential significance of albuminuria
soon broadened beyond the issue of kidney
disease with the proposal of the “Steno hypoth-
esis” that “albuminuria in type 1 diabetes is
not only an indication of renal disease, but a
new independent risk marker of proliferative
retinopathy and macroangiopathy as a result
of a generalized abnormality (“leakiness”) of
vascular beds [28].

It has recently been argued that the concept
of “micro”-albuminuria should be abandoned
and that urine albumin concentration should
be treated as a continuous variable which
reflects the progressive increase in both renal
and cardiovascular risks in patients with pro-
gressively higher concentrations of urinary
albumin [29], but because of the inertia of
medical nomenclature the term microalbu-
minuria persists to this day.

Despite the early documentation of Mogensen
that microalbuminuria predicts clinical pro-
teinuria and early mortality, the common view
was that the risk of developing nephropathy
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and uremia was very high in type 1 diabetes,
but substantially less elevated in type 2 diabe-
tes. Since in those days type 2 diabetes occurred
mostly in elderly individuals with limited life
expectancy and high cardiovascular mortality,
the true renal risk in type 2 diabetes had been
underestimated, because most patients did not
survive to experience advanced renal compli-
cations. The study of Hasslacher [17] addressed
this issue by evaluating all patients with type
2 and type 1 diabetes without severe secondary
disease who were followed in the university
hospital in Heidelberg between 1970 and 1985.
After 25 years it was found that the cumulative
risk of proteinuria was virtually identical, i.e.,
57% in type 2 and 47% in type 1 diabetes; the
cumulative risk of renal failure 5 years after
the onset of proteinuria was 63% and 59%
respectively. This finding documented that in
patients with type 2 and type 1 diabetes the
renal risk is similar.

Apart from progress in the understanding of
the diagnostic value of albuminuria and of the
underlying renal pathology, enormous progress
had also been made in the prevention and
treatment of diabetic nephropathy. One major
step concerned glycemic control. This was first
evaluated in type 1 diabetes by the landmark
prospective controlled Diabetes Control and
Complications study [30, 31] and by the sub-
sequent observational Epidemiology of Diabe-
tes Interventions and Complications follow-up
study [32]. Young type 1 diabetic patients with
no or mild retinopathy had been randomized
to conventional or intensified glycemic control
(insulin pump or three daily injections). The
study clearly documented the benefit of inten-
sive control: the onset of albuminuria >40mg/
day was lower by 39% and onset of proteinuria
by 54% [22]. The detailed analysis of the
progression of diabetic nephropathy showed
that the beneficial effect on albuminuria was
independent of blood pressure, age, diabetes
duration, baseline glycosylated hemoglobin
(HbA1c), and retinopathy [33]. The controlled
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trial was followed by an observational follow-
up in which glycemic control was no longer
significantly different between the two arms
of the study population. Nevertheless, 22
years after the start of the study a glomerular
filtration rate (GFR) <60mL/min/1.73m? was
observed in 24 patients in the group with ini-
tially intensified versus 46 patients with ini-
tially standard treatment [32]. Indeed today,
given better glycemic control and more effi-
cient blood pressure-lowering agents including
renin-angiotensin system (RAS) blockade, type
1 diabetic patients in most countries have
become a small minority of the total number
of diabetic patients requiring treatment for
end-stage kidney disease.

A second quantum leap forward was the
introduction of antihypertensive treatment. In
the past it was thought that blood pressure
elevation was necessary to guarantee adequate
renal perfusion. I couldn’t find a reference to
this in the literature, but I learned from Carl
Erik Mogensen that as a young physician he
tried to lower blood pressure in a type 1 dia-
betic patient with the newly introduced
beta-blockers, although this had been strictly
forbidden by the chief of department—obvi-
ously because of the then frequent side effects.
Against the advice of the authorities, he gave
antihypertensive treatment and some years
later he could show that this had reduced the
progressive loss of GFR in type 1 diabetic
patients. This prompted him to carry out a
short-term study and a long-term study [34,
35] in six young male diabetic patients with
intermittent albustix-positive proteinuria and
in 10 young male diabetics with constant pro-
teinuria—a ridiculously small group compared
with today’s mega trials; he measured glomeru-
lar filtration and plasma flow as well as urinary
albumin excretion using exact techniques.
In the patients without constant proteinuria,
no deterjoration in renal function was noted
during a mean control period of 32 months.
In contrast, in patients with constant proteinu-

ria, the decrease in GFR and renal plasma
flow (RPF) was 0.91 mL/min/month + 0.68 and
4.38 mL/min/month + 3.23 respectively. A posi-
tive correlation was found between the rate of
decrease in GFR on the one hand and diastolic
pressure and albuminuria on the other. After
this pioneer study, Mogensen performed an
interventional uncontrolled study [35] in six
insulin-dependent, juvenile-onset diabetic
patients. Blood pressure was lowered from an
average of 162/103 mmHg to a mean level of
144/95mmHg for 73 months. The diastolic
pressure was lowered to 95 mmHg, the GFR loss
was 1.23mL/min/month in the run-in period
and reduced to 0.49mL/min/month on anti-
hypertensive treatment; finally a dramatic 95%
decrease in albuminuria was seen. This led
Mogensen to firmly conclude that antihyper-
tensive treatment slows the decline in renal
function in diabetic nephropathy. Based on
this finding, which was also reported by
Parving [26, 36] at the same time, antihyper-
tensive treatment has become a bedrock of
today’s management of diabetic nephropathy.

The third advance in the management of
diabetic nephropathy was the introduction of
RAS blockade. With the availability of capto-
pril and subsequently of alternative angi-
otensin-converting enzyme (ACE) inhibitors,
in a number of studies different investigators
documented the beneficial acute and interme-
diate-term effect of RAS blockade on lowering
albuminuria/proteinuria over and above what
was seen with alternative antihypertensive
agents [37-42] in relatively small cohorts.

A sufficiently large prospective study on
nephropathy of type 1 diabetes was performed
by a collaborative study group. The effect
of captopril was compared with placebo in
409 patients with proteinuria >500mg/day
and serum creatinine >2.5mg/dL. Doubling of
s-creatinine was significantly less frequent in
patients on captopril (n =25) versus placebo
(n = 43); furthermore, a small but significant
difference in the rate of decline in creatinine
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clearance was found: 11 £21% per year in
the captopril versus 17 £ 20% in the placebo
group, thus documenting that captopril pro-
tects against deterioration in renal function in
insulin-dependent diabetes with nephropathy
significantly more effectively than blood pres-
sure control alone. An impressive 50% reduc-
tion in the combined end point of death,
dialysis, and transplantation was noted on cap-
topril [43]. Remission of nephrotic-range pro-
teinuria was more frequent in the nephrotic
probands of the captopril group (7/42 versus
1/66 in the placebo group; in parallel, GFR by
iothalamate clearance declined significantly
only in the group which had not achieved
remission, thus documenting that captopril
protects against deterioration in renal function
in insulin-dependent diabetic nephropathy
significantly more effectively than blood pres-
sure control alone [31]. A further follow-up
study compared two levels of target blood pres-
sure [mean arterial pressure (MAP) 92mmHg
versus 100-107mmHg]; there was no differ-
ence in the GFR loss, but proteinuria was sig-
nificantly less (535 mg/24 hour) in the captopril
than in the placebo group [44], which led the
authors to suggest that in this population the
target MAP should be 92mmHg.

Because type 2 diabetes is much more fre-
quent than type 1, a major challenge was to
document the effect of RAS blockade on neph-
ropathy in type 2 diabetes. In the meantime,
angiotensin receptor blockers had become
available. The study of Barnett [45] in type 2
diabetic patients at relatively early stages of
diabetic nephropathy documented that both
ACE inhibitors (enalapril) and angiotensin
receptor blockers (irbesartan) were equally
effective to achieve a stable plateau of GFR
after approximately 4 years following the start
of treatment. In type 2 diabetic patients at
more advanced stages of diabetic nephropathy,
two contemporaneous controlled studies were
performed: one with Losartan [46] and the
other with Irbesartan [47]. Both came to the
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same conclusion, i.e., apart from reducing pro-
teinuria, the composite end point of doubling
of baseline serum creatinine, development of
ESRD or death from any cause was reached in
a smaller proportion of patients.

The fourth recent advance was by the Steno
Memorial Hospital group in Copenhagen in a
controlled study of patients with type 2 diabe-
tes and microalbuminuria. The study provided
the proof that intensified multifactorial inter-
vention is more effective than standard treat-
ment according to guidelines (i.e. those valid
at the time the study was started). In this study
151 patients were randomly assigned to a
group according to the (then) guidelines of
the Danish society or to intensified treatment,
which consisted of reduction of saturated fat,
light to moderate exercise, no smoking (advise
which was futile), captopril (irrespective of
blood pressure), vitamin C, etc. An effort was
made to achieve glycosylated hemoglobin
(HbA1c) <6.5%. After a 3.8-year follow-up pro-
gression to overt nephropathy was already less
(OR 0.27) as was progression of retinopathy
(OR 0.45) or autonomic neuropathy (OR 0.32)
[48]. After a follow-up of 7.8 years, 47 patients
achieved remission to normoalbuminuria. This
was associated with less decline in GFR (A -2.3
*+ 0.4mL/min/year) compared with patients
who progressed to overt nephropathy (GFR
A + 0.5mL/min/year). The start of antihyper-
tensive treatment was also associated with
remission to normoalbuminuria (OR 2.32) as
was a 1% decrease in HbAlc [49]. In this
cohort, the hazard ratio (HR) of a cardiovascu-
lar (CV) event was lowered to 0.47, of neph-
ropathy0.39, and of retinopathy 0.42—globally,
approximately 50% risk reduction. The study
was followed by an observational follow-up.
After no less than 13.3 years a significant effect
was also seen on cardiovascular mortality and
ESRD: 24 patients in the intensive treatment
versus 40 in the conventional treatment group
had died (hazard ratio 0.54); both CV death
(HR 0.43) and CV events (HR 0.41) were lower
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in the intensive treatment group. Only one
patient in the intensive versus six patients in
the conventional treatment group had devel-
oped end-stage kidney disease, suggesting an
effect of metabolic memory.

Obviously, compared with the sad state of
treatment of diabetic nephropathy 40 years
ago [14], the prognosis of diabetic nephropa-
thy has been improved dramatically. But the
number of patients, mostly with type 2 diabe-
tes, currently entering end-stage kidney disease,
continues to be a challenge and will require
novel approaches in the future.
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Key points

e Valid epidemiological data regarding diabetes and
chronic kidney disease are scarce.

e Diabetes-related kidney disease is the leading cause
of renal replacement therapy.

e The risk of developing chronic kidney disease in
people with diabetes seems to be declining. Never-
theless, with an aging population and the increasing
prevalence of diabetes, the number of affected
persons remains high.

¢ The risk of developing diabetes-related chronic kidney
disease and, in particular, renal replacement therapy
differs with age, sex, ethnic background, and region.
e Epidemiological studies with standardized methods
addressing the diabetic population are warranted to
get a more valid insight in the incidence and preva-
lence and the progression of chronic kidney disease
in diabetes, its trends and its differences between
regions and subgroups.

This chapter gives an overview of the epidemi-
ology of chronic kidney disease (CKD) in dia-
betes. We will focus on (1) incidences of CKD
in different stages and of end-stage renal disease
(ESRD) requiring renal replacement therapy,
namely maintenance dialysis or transplanta-
tion, i.e., new cases in a disease-free defined
population during a defined period of observa-
tion, and (2) prevalences of these endpoints,

i.e., the total number of affected persons in a
defined period (often at an index date or within
1 year) in a defined population.

Epidemiological measures and pitfalls

This is not an easy task. Some figures are often
reported in review articles or overviews regard-
ing renal disease in diabetes [see, for example,
1-4]. In individuals with in either type 1 or type
2 diabetes, it has been reported that 25-40%

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
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Epidemiology of chronic kidney disease in diabetes

will develop diabetic nephropathy in a 25-year
period. Diabetes is considered to be the leading
cause for ESRD: The proportion of diabetes-
related ESRD among all cases of ESRD is reported
to be about 25-55%. There are some hints that
the incidences of CKD and ESRD are declining
in both type 1 and type 2 diabetes. There are
large differences between regions and ethnic
groups; however, the data are controversial.
Knowledge remains uncertain, mainly because
of methodological issues.

e The numerator (cases): The definition of CKD
in general and diabetes-related CKD differs.
Several studies have investigated albuminuria
or proteinuria using several definitions. Others
have analyzed renal impairment, which, how-
ever, has been defined in different ways, fre-
quently using different formulae to estimate
the glomerular filtration rate (eGFR). Diabetes-
related ESRD is poorly defined: it may be ESRD
in individuals with diabetes, or in individuals
when diabetes is the main cause of ESRD, or
just ESRD due to diabetic nephropathy. Fur-
thermore, most data stem from ESRD registers.
Even when registers are complete, the incidence
of ESRD depends on access to or acceptance of
ESRD, so that the proportion of individuals
classified with ESRD probably differs between
regions and time periods.

e Thedenominator (the population atrisk): Inci-
dence and prevalence of diabetes-related CKD
or ESRD may be estimated in the general popu-
lation (diabetic as well as non-diabetic), in the
estimated diabetic population, or in selected
samples, e.g. clinic-based patient cohorts or
participants in clinical trials. Incidence and
prevalence in the general population are diffi-
cult to interpret, since the figures depend
largely on the prevalence of diabetes in the
population, which differs by region and with
time trends because of changing incidences,
survival, and detection rates. Studies using
clinic-based or primary care-based populations
or clinical trials will probably overestimate
incidence and prevalence, since participants

differ from the general diabetic population,
e.g., the selection may be of individuals with
more severe illness. Thus, whenever possible
we will focus on epidemiological studies within
population-based diabetic samples. Even then,
several problems occur, in particular in type 2
diabetes. It is well known that a high number
of individuals with type 2 diabetes are undiag-
nosed [5]. It is considered that this proportion
has declined during previous years because
of higher awareness concerning undetected
diabetes and improved screening initiatives.
Hence, the population of individuals with dia-
betes might have increased due to a higher
detection of previously unknown cases. These
individuals may differ from the previously
diagnosed population and may be suffering
from milder forms of diabetes. A further point
is that the definition of diabetes differs with
calendar year and region. Foe example, several
Scientific Diabetes Associations have lowered
the threshold of fasting glucose from 140 to
126 mg/dL [6].

e The study design: Study populations differ
with respect to age, gender, ethnic background,
and demographic variables, which are all con-
sidered to influence CKD. Studies differed
with respect to their observation period and
epidemiological measures. Prevalence may be
assessed as “point prevalence” or period preva-
lence, e.g., 1 year or even life time prevalence.
The same is true for incidence: incidence
may be estimated as incidence rates per defined
person times, or as cumulative incidences
for different observation periods. An impor-
tant issue is the database. Using data from
routine statistics, e.g., social insurance data,
will largely underestimate CKD, since only
diagnosed cases can be identified, and it is well
known that a large proportion of CKD is undi-
agnosed [7].

When looking for epidemiological data in
the following, one has to keep in mind these
points, which contribute to problems in inter-
preting results (Box 2.1).
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Bias

than one cause of ESRD is present

Changing demography
Aging of the population
Immigration of persons at high risk for diabetes

Rising incidence of diabetes
Longer survival of persons with diabetes

Changing medical management of diabetes
Fewer diabetic patients developing nephropathy
Slower progression of diabetic nephropathy

Longer survival of persons with ESRD

Epidemiological factors contributing to variation in the recorded
incidence and prevalences of end-stage renal disease (ESRD) in diabetes

Ascertainment bias (expanding access to ESRD treatment)
Classification bias (insulin-requiring type 2 diabetes coded as type 1 disease; diagnostic preference when more

Lead-time/length bias (resulting from starting treatment at an earlier stage of disease)

Incidence of chronic kidney disease
in individuals with diabetes

The population-based incidence of CKD in
type 1 diabetes, as defined by persistent micro-
albuminuria, has been declining for several
years. Based on data from a population-based
incidence register in Sweden, the cumulative
incidence of persistent microalbuminuria after
25 years of diabetes decreased from 30% among
patients in whom diabetes developed between
1961 and 1965 to 8.9% among those in whom
it developed from 1966 to 1970 [8]. After 20
years of diabetes, the cumulative incidence
decreased from 28.0% among the patients in
whom diabetes developed from 1961 to 1965
to 5.8% among those in whom it developed
from 1971 to 1975. Up to the end of the obser-
vation time in 1991, persistent microalbu-
minuria had not developed in any patient in
whom diabetes was diagnosed in the period
1976-1980. The mean glycosylated hemo-
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globin (HbAlc) was significantly higher in
patients with than those without persistent
albuminuria [8].

More recent data have been reported by the
Epidemiology of Diabetes Interventions and
Complications Study, the follow-up to the Dia-
betes Control and Complications Trial (DCCT)
study [see, for example, 9, 10]. However,
participants in the DCCT were a selected popu-
lation with a diabetes duration of 1-5 years;
hence, the data are difficult to compare with
population-based data.

Data describing the incidence of CKD
in type 2 diabetes are not available from
population-based samples but from clinic-
based studies or clinical trials. The UK
Prospective Diabetes Study included individu-
als with newly diagnosed type 2 diabetes for a
randomized study which aimed to evaluate
intensive diabetes care. Of 5102 participants,
prospective analyses were undertaken in those
without albuminuria (n = 4031) or with normal
plasma creatinine (n = 5032) at diagnosis. Devel-
opment of albuminuria (microalbuminuria
or macroalbuminuria) or renal impairment
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(Cockroft-Gault estimated creatinine clearance
<60mL/min or doubling of plasma creatinine)
was estimated. After 15 years of follow-up, 38%
had developed albuminuria, 29% renal impair-
ment, and 14% both conditions. Of the people
who had developed renal impairment, 51% did
not have preceding albuminuria. Men had an
increased risk of developing micro- or mac-
roalbuminuria compared with women (18%
and 47% increase), but a 45% lower risk of
developing renal insufficiency. People with
Indian Asian ethnicity had an about twofold
higher risk for both conditions than white
Caucasians, whereas the risk in Afro-Caribbeans
was not significantly higher. Risk factors for
both conditions were baseline systolic blood
pressure, urinary albumin, and plasma creati-
nine. Distinct sets of further risk factors were
associated with the two outcomes, consistent
with the concept that they are not linked inex-
orably in type 2 diabetes [11].

In a hospital-based study in Italy, 1449
patients with type 2 diabetes without CKD at
baseline were followed up for 5 years. The
S-year cumulative incidence of CKD, defined
as persistent macroalbuminuria [albumin-to-
creatinine ratio (ACR) 230 mg/mmol in at least
two of three samples] or modification of
diet in renal disease (MDRD) eGFR <60mL/
min/1.73m? was 13.4%. Age, sex, body mass
index, hypertension, smoking history, diabetes
duration, lipids, current use of medication, and
baseline albuminuria were significantly associ-
ated [12].

Prevalence of chronic kidney disease
in individuals with diabetes

The prevalence of CKD in type 1 diabetes was
estimated in a population-based sample of 648
adult patients with type 1 diabetes in Germany
[13]. Nephropathy, defined as at least micro-
albuminuria or elevated serum creatinine, was
observed in 30% of the patients. The probabil-
ity of having at least macroalbuminuria was

3.5-fold higher in patients in the lowest socio-
economic group than those in the highest
socioeconomic group [13]. In a more recent
study, 25.2% of type 1 diabetic individuals had
MDRD eGFR <60mL/min/1.73m? [14].

The prevalence of CKD in general or type 2
diabetes has been estimated in several countries
in general, or in primary care-based popula-
tions with diabetes (Table 2.1). In Hong Kong
the prevalence of renal impairment (defined
as MDRD eGFR below 60mL/min/1.73 m?) was
11.9% [15]. In a population-based study in
Taiwan, using the same definition, the preva-
lence was 15.1%. The prevalence of proteinuria
was 29.4% [16]. In a population-based sample
in Shanghai, 32.8% of type 2 diabetic patients
had CKD stage 3-5, based on the Cockcroft
Gault equation [17]. In Australia, the preva-
lence of proteinuria (ACR >2.5 or 3.5 mg/mmol
in men and women) in a primary care-based
study was 34.6%, and the prevalence of renal
impairment, using MDRD-based eGFR, was
23.1% [18]. Only a subgroup of patients had
both abnormal eGFR and abnormal pro-
teinuria. In another study from Australia, the
prevalence of CKD was assessed in individuals
with screen-detected diabetes, using an oral
glucose tolerance test. The prevalence of pro-
teinuria (protein to creatinine ratio >0.2mg/
mg) was 8.7%, fourfold higher than in those
without diabetes, which was 1.9%, and the
prevalence of Cockcroft-Gault estimated GFR
<60mL/min was 27.6%, threefold higher than
in individuals without diabetes, which was
9.8% [19]. Thus, the prevalence of at least pro-
teinuria in the study of Chabdan was much
lower than the study of Thomas, probably due
to the different diabetic populations (popula-
tion of individuals with screen-detected diabe-
tes compared with patients with diagnosed
diabetes in primary care, a higher proportion
of people from Asia and Aborigines or Pacific
Islanders in the population of Thomas).

In the USA, based on National Health and
Nutrition Examination Survey (NHANES) data,
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Epidemiology of chronic kidney disease in diabetes

the prevalence of CKD as defined by albuminu-
ria and MDRD eGFR in the diabetic population
has remained relatively stable since 1999,
between 40.5% in 2001-2002 and 35.87% in
2007-2008 [20].

The prevalence of renal impairment (defined
as MDRD eGFR below 60mL/min/1.73m?) in a
primary care-based study in the UK was 22.5%
[21]. In Germany, in a sample of health insur-
ance, 18% had proteinuria, and 35.7% of type
2 diabetic individuals had MDRD eGFR <60 mL/
min/1.73m? [14]. In Norway, in a random
sample of diabetic patients aged 20 years or
above, the prevalence of renal impairment,
defined as MDRD eGFR <60mL/min/1.73m?*
was 14.4% [22]. In Turkey, it was 11.1% [23].
In this study, also proteinuria was assessed
(defined as ACR 30-299mg/g or 2300mg/g).
The prevalences of micro- and macroalbu-
minuria were 19.7% and 5.3%, respectively. In
total, 32.4% of the individuals with diabetes
had CKD [23]. Thus, the figures vary in the
different studies (Table 2.1). The differences
may be due to regional differences and differ-
ent study designs and definitions of CKD and
diabetes. Differences were observed for sex,
age, and ethnic background (Table 2.1).

Anothaisintawee et al. [24] included four of
the above-mentioned studies [15, 16, 18, 21]
in a systematic review and meta-analysis for
CKD stage 3 or higher (defined as MDRD eGFR
below 60mL/min/1.73m?). The pooled preva-
lence was 18.2%, almost twofold higher than
in the general population, where it was 10.6%.

As mentioned above, the presence of type 2
diabetes is often unknown. Furthermore, an
obviously high number of individuals have
subthreshold elevated blood glucose values,
namely impaired fasting glucose or impaired
glucose tolerance, often called “prediabetes”
(International Diabetes Federation). Plantinga
et al. [25] analyzed the prevalence of CKD
in individuals with previously undetected
diabetes and those with prediabetes. They
used NHANES data and included 8188 indi-
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viduals with data for fasting glucose, serum
creatinine, and urinary albumin-creatinine
ratio. CKD was defined as MDRD-based eGFR
<60mL/min/1.73m? or albumin-creatinine ratio
>30mg/g. The age and sex-adjusted prevalence
of CKD in individuals with diagnosed diabetes,
undiagnosed diabetes, prediabetes, and with-
out diabetes were 32.9%, 24.2%, 17.1%, and
11.8%, respectively (Figure 2.1).

Before we address ESRD requiring renal replace-
ment therapy in association with diabetes, we
will have a look on ESRD in general.
Worldwide, there are large differences
regarding incidence and prevalence of ESRD
(Figure 2.2). The highest incidences are found
in Morelos (Mexico) [597 per million popu-
lation (pmp)], Jalisco (Mexico) (419 pmp), the
USA (371 pmp), and Taiwan (347 pmp), lowest
incidences in Russia (35 pmp) and Bangladesh
(13 pmp) [20]. Note that these incidences
are not adjusted for age and sex, and that
large differences exist particularly regarding
the age distribution within the different coun-
tries. Figure 2.2 also presents age-specific
incidences. Also, within one country differ-
ences are large, not only in the USA but also,
for example, in Spain and in Europe: Canary
Islands (172 pmp), Catalonia (143 pmp),
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Epidemiology of chronic kidney disease in diabetes

Renal replacement therapy in general: incidences and prevalences international, USRDS 2011

(a) world wide
RRT incidence rates and prevalences, per million population, adjusted, 2009
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Epidemiology of chronic kidney disease in diabetes
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Basque country (129 pmp) Extremadura (108
pmp), Castile-La Mancha (94 pmp); age- and
sex-adjusted rates were, respectively, 193.0
pmp, 142.3 pmp, 117.5 pmp, 100.4 pmp, 93.1
pmp) [26] (Figure 2.2b).

22

There are large differences between sub-
groups. For the US data, as expected, the inci-
dence of ESRD increases with increasing age
(2011 incidence rates in people aged 0-19,
20-44, 45-64, 65-74, and 75+ years are 16, 131,
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Epidemiology of chronic kidney disease in diabetes

(b) European regions
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610, 1407, and 1762 pmp, respectively; rates
are adjusted for race and gender) [20]. In men,
the incidence is higher than in women (452
and 282 pmp, adjusted for race and age). Inci-
dence rates are highest in African Americans,
followed by Native American and Asian/Pacific

Islander (incidence rates 976, 523 and 403
pmp, respectively). The lowest incidence rates
are observed in White Americans (277 pmp).
Incidence rates for Hispanics are higher than
those for non-Hispanics: 501 versus 345 pmp
(all rates adjusted for age and gender) [20].
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Epidemiology of chronic kidney disease in diabetes

Incidence of renal replacement
therapy in diabetes

Most data regarding the incidence of ESRD are
obtained from ESRD registers. In most coun-
tries, the underlying cause of ESRD is reported,
so that diabetes-related ESRD can be identified.
However, most countries present only data of
the general population, not of their diabetic
populations.

When the incidence of ESRD is reported, it
must be kept in mind that case definitions may
differ: ESRD in the diabetic population may be
all cases of ESRD independent of the cause of
ESRD or only diabetes-related ESRD—the most
frequent figure in incidence estimates based on
ESRD registers—and specific diabetic nephrop-
athy. Furthermore, in type 1 diabetes popula-
tions, those including children and adolescents
may differ from those including young adults.
It must also be kept in mind that studies which
are based on diabetes incidence registers follow
patients from diabetes onset, whereas clinic-
based studies may include patients with a
longer diabetes duration. Incidence data from
ESRD registers assess new cases in the general
population, i.e., the duration of diabetes is
distributed between new onset and long
duration.

As the incidence of CKD declines, so the
incidence of ESRD in type 1 diabetes is consid-
ered to decline. Results have been reported by
Nishimura et al., who assessed the long-term
incidence and temporal trends of ESRD in
childhood-onset diabetes using a population-
based cohort of 1075 type 1 diabetes patients
from Allegheny County, USA [27]. The 20-year
cumulative incidence of ESRD fell from 9.1%
in patients with diabetes onset from 1965 to
1969 to 3.6% in those diagnosed from 1975 to
1979. On the basis of data from population-
based incidence registers, a study from Finland
reported an incidence of ESRD of 2.2% and
7.8% at 20 and 30 years, respectively. The inci-
dence has continuously declined between
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1965 and 1990. The risk of ESRD did not differ
between sexes, and was lowest in patients who
were diagnosed at an age younger than 5 years
[28]. In Sweden, the cumulative incidence of
ESRD after 30 years was even lower, with a
higher incidence in male (4.1%) than in female
patients (2.5%) [29]. In both male and female
patients, diabetes onset before the age of 10
years was associated with the lowest risk of
ESRD. The highest risk for ESRD was found in
male patients with diabetes onset at age 20-34
years (threefold increase compared with male
subjects with diabetes onset at age 0-9 years).
In female patients, the highest risk was
observed for those with diabetes onset at age
10-19 years (2.8-fold increased compared with
those with onset at age 0-9 years) [29].

For the general diabetic population, data for
diabetes-related ESRD from the USA suggest
that also in type 2 diabetes the incidence of
ESRD has been declining in recent years: up to
1990, the incidence (age and sex adjusted to
the 2005 population) was found to have
increased to 355 per 100000 diabetic popula-
tion in 1995, and to have declined thereafter
to 254 in 2009 [20, 30] (Figure 2.3). In the
diabetic population, the incidence of ESRD was
highest in Black or African American individu-
als (4264 pmp), followed by the American
Indian or Alaska Native population (3504
pmp) and Asian population (2635 pmp). The
lowest incidence rates were found in the white
population (2040 pmp). Kidney failure rates
were higher in diabetic men (2633 pmp) than
in diabetic women (2207 pmp) [20]. However,
it must be considered that the diabetic popula-
tion changed during the observed period, with
higher detection of previously unknown diabe-
tes and probably higher survival, as well as
changed definitions of diabetes (see above).

Estimates of the incidence of ESRD in the
diabetic population are also available for Spain
and for Germany. In Spain there are large vari-
ations between regions: Lorenzo and colleagues
found the incidence to be between 21 and
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Epidemiology of chronic kidney disease in diabetes
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Trend of incidence and prevalence of diabetes-related end-stage renal disease. U.S. Renal Data System,
USRDS 2011 Annual Data Report: Atlas of End-Stage Renal Disease in the United States, National Institutes of
Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2011.

148 per 100000 diabetic population [31]. In
Germany, all ESRD cases in the diabetic popu-
lation have been estimated to be about 160 per
100000 diabetic population. Although the
number of cases should be higher than in the
USA and the Spanish diabetic populations
since not only diabetes-related ESRD was
included, the incidence was lower than in the
US population; however, it was higher than in
Spain [32, 33]. Thus, the pattern is the same
picture regarding the incidence of all ESRD
cases (above): the highest incidences are seen
in Taiwan and the USA; Germany and Spain
are in the middle area, with lower incidences
in Spain [26].

In a population-based study from Italy [34],
type 2 diabetes was addressed. A total of 1408
patients with type 2 diabetes were followed up
after an average of 6.7 years. The incidence
ESRD was 1.04 per 1000 person-years. However,
no actual data or trend analyses are available.

Prevalence of renal replacement
therapy in diabetes

The USRDS database shows point prevalences
of ESRD in the diabetic population. The preva-
lence (age and sex adjusted to the 2005 popula-
tion) increased to about 1150 per 100000

population and remained relatively stable,
reaching a prevalence of 1070 per 100000
population in 2009 (UDRDS 2011) (Figure 2.3).

Valid epidemiological data regarding diabetes
and chronic kidney disease are scarce. Different
study designs make it difficult to compare
results from different regions or time periods.
However, the available data suggest that the
risk of developing chronic kidney disease, in
particular renal replacement therapy, is declin-
ing in type 1 and, for few years at least in the
USA, in type 2 diabetes. For most countries, the
incidence of diabetes-related ESRD is only esti-
mated in the general population. Using these
data, the ESRD Incidence Study Group has ana-
lyzed the mean annual change in incidence of
treated ESRD, by type of diabetes, in Europeans
from eight countries or regions, non-indigenous
Canadians, and non-indigenous Australians,
aged 30-44 or 45-64 years, for the period
1998-2002 [35]. They found a 5-20% decline
in the incidence of diabetes-related ESRD in
type 1 diabetes in the study period, but not in
type 2 diabetes. Perhaps 2002 was too early to
see a decline in the incidence of type 2 diabetes-
related ESRD in the study regions. Also in the
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Epidemiology of chronic kidney disease in diabetes

USA, the decline in the incidence of ESRD in
the diabetic population has been seen only
since 1996 [20]. Controversial findings regard-
ing a decreasing incidence of ESRD in type 1
diabetes in recent years come from a clinic-
based cohort in the USA. In the Joslin Clinic,
the incidence rates of ESRD within 6 years of
follow-up in cohorts enrolled in 1991-1995,
1996-2000, and 2001-2004 were 5.3, 5.5, and
6.8 per 100000 person-years, respectively [36].
However, the data are difficult to compare with
register- and population-based estimates, since
in the Joslin clinic, patients may have been
selected and they were not followed from the
onset of diabetes. Nevertheless, incidence and
prevalence are high and may further increase
due to the aging population and, perhaps, an
improvement in the survival of patients with
diabetes.

Large differences are observed for incidence
and prevalence of ESRD independent of diabe-
tes, not only between countries, but also between
regions within single countries. Corresponding
data are scarce in the diabetic population, but
the incidence of diabetes-related ESRD in the
USA, Germany, and Spain suggest that large
differences also exist in the diabetic popula-
tion,. For the prevalence of CKD in the diabetic
population, there seem to be large differences.
The reasons are not clear; however, it has to be
taken into account that data are difficult to
compare due to different study designs, as out-
lined above.

An interesting question is whether progres-
sion from CKD before ESRD to ESRD differs
between regions and time periods. Only one
study has analyzed the first part of the ques-
tion, mainly in the general population. Hallan
and colleagues compared Norwegian and US
data with respect to prevalence data for CKD
stages (population survey in Norway, NHANES
data in the USA, with data for albuminuria as
well as GFR) and ESRD incidences derived from
ESRD registers. They found that the prevalence
of CKD is similar in the USA and European
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countries; however, the transition rates to
ESRD are two to three times higher in the USA
than in Norway [22]. In non-diabetic individu-
als, patients in stages 3 or 4 have a twofold
higher risk in the USA of reaching ESRD than
in Norway. In diabetic individuals, the risk was
2.8 times higher.

In conclusion, epidemiological studies with
standardized methods addressing the diabetic
population are warranted to gain a more valid
insight for incidence and prevalence and the
progression of CKD in diabetes, its trends and
its differences between regions and subgroups.
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Key points

e Only approximately 30% of patients with diabetes
eventually develop nephropathy.

e First evidence linking diabetic nephropathy with
genetic variants was collected from family studies.

e Separating the interaction of genes from non-
genetic factors (cardiovascular risk factors, social and
economic factors, nutrition and physical activity, epi-
genetics) remains difficult.

o Therefore, genetic studies need to account for non-
genetic factors affecting diabetic nephropathy risk to
exclude spurious findings due to confounding.

e A key to successful genetic analyses is phenotype
definition, which has recently become standardized.
e Cohort size and composition is a critical challenge
in genetic analysis of diabetic nephropathy because
of bias with smaller cohorts.

e There are different methods for genetic analyses
(linkage analysis, candidate gene approach, or
genome-wide studies).

e |n particular, results of candidate genes are often
difficult to replicate because of small cohort size. The
gold standard is genome-wide analysis with large
cohorts.

e Probably the most convincing finding obtained in
family-based studies is the association of a genetic
region at 18qg22.3.

e Genes associated with diabetic nephropathy have
not yet altered diagnostic or treatment algorithms of
this disease.

Diabetic nephropathy (DN) is a microangio-
pathic manifestation of diabetes occurring in
about 30% of patients [1] and is associated

with high risk for cardiovascular morbidity and
mortality and end-stage renal disease (ESRD).
Numbers vary strongly between ethnicities
(e.g., higher prevalence in Pima Indians [2]).
Major questions relating to DN are still unan-
swered: What drives the onset and progression
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Genetic risk factors for diabetic nephropathy

of DN? How may one estimate the risk for DN?
What is the relative contribution of genetic
background (ethnicity), individual genetic risk
profile, glycemic control, and environmental
factors. This chapter summarizes methods of
genetic research and evidence linking genetic
variants with the overall risk for DN, embed-
ded in a conceptual overview and an outlook
on translation of genetic research into clinical
practice.

The first evidence linking DN with genetic
variants was collected from family studies and
incidence models. In the Wisconsin epidemio-
logic study, Klein et al. [3] observed that meta-
bolic control was equal in those with and
without nephropathy. Familial clustering of
diabetic nephropathy independent of meta-
bolic control was observed in a landmark study
in patients with type 1 diabetes performed by
Seaquist et al. [4] The fourfold higher risk for
siblings of patients with type 1 diabetes indi-
cates strong genetic effects on outcome in this
study. Additional family studies displayed
familial aggregation of diabetic nephropathy
in both type 1 and type 2 diabetes [2, 5]. For
type 2 diabetes patients with first-degree family
members known to have DN, the relative risk
for developing DN ranges from twofold in
Caucasian-Americans to 9.2-fold in African
Americans, Mexican Americans, Asian Indians,
and Nauruans. Such large differences due to
ethnicity were reported by Freedman et al. in
1993 [6]: for relatives of African American
patients with type 2 diabetes the relative risk
for renal replacement treatment is fivefold com-
pared with European-Americans, even after
adjusting for socioeconomic factors. Indirect
evidence for an important role of genetic vari-
ation in DN risk comes from epidemiological
studies which showed that the incidence rate
of diabetic nephropathy peaks at a duration of
diabetes of about 15 years [7] with an inci-
dence rate of 2-3% per year, in contrast to an
incidence rate of 0.5-1% after 20 years of dia-
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betes duration [7, 8]. A time-dependent peak
in diabetes complication incidence rates
beyond which, for example, poor glycemic
control does not contribute profoundly to risk
is a strong indicator that other factors such
as genetic variation contribute to overall risk.
Moreover, the Diabetes Control and Compli-
cations Trial (DCCT, n = 1441; mean therapy
duration 6.5 years) and the subsequent Epi-
demiology of Diabetes Interventions and
Complications cohort study (EPIC trial, n=
1375, median follow-up 22 years) indicate that
intensive antihyperglycemic therapy over a
prolonged period of 6.5 years could reduce
some but not all of the risk for estimated
glomerular filtration rate (eGFR) below 60mL/
min/1.73m? [9], again indicating further risk
factors at play. About 25% of diabetics will
not develop DN independent of the quality of
glycemic control (summarized in Rich [10]),
thus supporting the concept of protective
factors. Dissecting the interaction of genes
with non-genetic factors (cardiovascular risk
factors, social and economic factors, nutrition
and physical activity, epigenetics) is key to
approaching these questions (Figure 3.1).
Pharmacological treatment of traditional
cardiovascular risk factors (diabetes, hyperten-
sion, smoking, and dyslipoproteinemia) has
significantly improved outcomes in diabetes.
However, in spite of improved blood pressure
and glucose control renal events such as
microalbuminuria [11] and doubling of serum
creatinine or ESRD [12] are only partially
averted. Recently, heritability for the two main
measures of kidney function, GFR and albu-
minuria, were estimated at 36-75% and 16—
49%, respectively, not only in studies with
diagnosed type 2 diabetes but also in the
general population [13, 14]. Non-genetic risk
factors confound the search for genetic vari-
ants associated with DN, with cardiovascular
risk factors, predominantly diabetes, hyperten-
sion, and smoking, determining a significant
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environment = genetic variants

l

diabetes
environment—>  hypertension
smoking
intermediate overt
kidney phenotypes kidney disease

(GFR, albuminuria)

(CKD, ESRD)

progression

Proposed model of interaction of genes, environment and chronic kidney disease (CKD) risk factors
in the development of diabetic nephropathy. ESRD, end-stage renal disease; GFR, glomerular filtration rate.

portion of non-genetic risk (Figure 3.1). As
discussed above, the risk for diabetic neph-
ropathy is time dependent with reduced risk
with prolonged diabetes duration over 15 years
[7, 8], and improved glycemic control retards
the onset of diabetic nephropathy [9, 15-17].
Similar evidence exists for the control of hyper-
tension in diabetes [18, 19]. Thus, genetic
studies need to account for non-genetic factors
affecting DN risk to exclude spurious findings
due to confounding.

What is diabetic nephropathy?

Key to successful genetic analyses is a definitive
phenotype definition. In contrast to kidney
diseases where diagnosis is based on a kidney
biopsy (e.g., immunoglobulin (Ig)A nephropa-
thy, membranous nephropathy, Alport’s syn-
drome) or imaging studies (e.g. autosomal
dominant polycystic kidney disease), the diag-
nosis of diabetic nephropathy is almost always
made clinically and not by histology. Given
risk of bleeding during kidney biopsy, the
procedure is only performed if it promises to
have an impact on clinical decision making.
Thus, it is usually performed to exclude non-

diabetic kidney diseases, and not to confirm
suspected DN.

The clinical diagnosis takes into account the
typical course of DN: after many years of dia-
betes duration with normal GFR and absent
albuminuria, DN onset is marked by mildly
elevated albuminuria (albumin excretion rate
>30mg per day, also termed microalbuminuria)
with or without hyperfiltration and increased
GFR. Subsequently, DN is characterized by
mostly overlapping stages of declining GFR
and progressive proteinuria that may reach
the nephrotic range [20]. In the early stages,
regression to normalbuminuria is frequently
observed [21]. Further, macroalbuminuria is
not a condition sine qua non for profound
kidney damage. Indeed, studies indicate that
chronic kidney disease in diabetes may evolve
in the absence of considerable proteinuria and
progress to end-stage renal disease [22].

Unfortunately, there is no uniform defini-
tion of DN across published genetic studies,
which are mostly (cross-sectional) case—control
studies. Since microalbuminuria can be tran-
sient and not always due to DN (e.g., transient
microalbuminuria due to physical exercise
or by fever), diabetic nephropathy cases are
usually defined as those with high levels of
albuminuria (defined mostly as >300mg/day,
macroalbuminuria) and/or ESRD in the absence
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of other causes of ESRD [23-25]. The presence
of macroalbuminuria over a certain time prior
to or at diagnosis of ESRD is not always used
as a criterion for the DN diagnosis since this
information is frequently not available in
cross-sectional studies, especially in type 2 dia-
betes. The presence of diabetic retinopathy
is used in some studies to make the diagnosis
of diabetic nephropathy more likely [26]. Con-
trols are mostly defined as those with long-
standing diabetes (>15 years) and normal range
albuminuria (<30mg/day). A GFR 260mL/
min/1.73m? is not always taken as a criterion
to define controls without DN.

Diagnosing DN clinically and without his-
tology leads to several issues that are important
to consider when reviewing results of genetic
analyses.

1. Histological alterations observed with DN
are not uniform [27, 28]. Pathognomonic
thickening of basal membranes is often accom-
panied by diverse other histological features.
These may include nodular matrix accumu-
lation (termed Kimmelstiel-Wilson nephritis
[29]) or recruitment of inflammatory cells
into the tubulointerstitium with prominent
inflammatory reaction [28]. Phenotypic altera-
tions observed in DN have recently been
summarized [27]. A generally accepted classi-
fication will be of paramount relevance for
future studies, when comparative designs are
sought and therapeutic interventions are
eventually planned. Overall, these issues raise
the question whether DN constitutes a single
diagnosis or rather an umbrella term for diverse
glomerular and tubulointerstitial subentities
[27]. Any type of disease misclassification
reduces statistical power and may explain
inconsistent findings between genetic studies.
2. In cases with overt proteinuria and absence of
nephritic sediment, misclassification of diabetic
nephropathy may occur due to clinical mimicry
of other kidney disease. Approximately 30%
of such patients have non-diabetic kidney
diseases [30]. In a recent study with 576 con-
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secutive biopsies, the diagnoses of those
without non-diabetic kidney disease were
mostly immune complex glomerulonephritis
and secondary focal glomerulosclerosis [30].
Such misclassification reduces the statistical
power for genetic analyses, potentially leading
to false-negative results for the phenotype of
DN, but not to false-positive results (i.e., asso-
ciations with undiagnosed glomerulopathy).
3. In patients with diabetes who have reduced
eGFR but normal albuminuria, underlying hyper-
tensive nephropathy (so-called benign ne-
phrosclerosis) is a likely diagnosis given the
high prevalence of hypertension in diabetes
patients. This is supported by data from dia-
betic patients, where a substantial proportion
develops decreased eGFR without concurrent
or prior elevated albuminuria [31, 32]. One of
the most challenging tasks is dissection of the
intertwined diagnoses of DN and hypertension-
related nephrosclerosis. Hypertension may be
the primary driving force of kidney disease or,
conversely, a co-factor developing with kidney
disease progression. In the majority of diabetic
patients, even without metabolic syndrome,
such as type 1 diabetics, hypertension evolves.
At the time of enrolment in the DCCT/EPIC
trial none of the type 1 diabetes patients was
diagnosed hypertensive, 22 years later more
than 50% of patients were hypertensive [9].
4. Two different measures of kidney function
are used to define the DN phenotype: albu-
minuria and GFR. Recently, it has been
challenged that these two traits have the same
genetic background [13], which is supported
by recent data from genome-wide association
studies of eGFR and albuminuria in general
population studies [33-35]. This may be a
cause of false-negative results.

What is the optimal study design?

Cohort size and composition is a critical chal-
lenge in genetic analysis of DN. As a cohort’s
sample size decreases to smaller than n = 1000,
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the more prone it is to bias due to sampling
strategy, to false-positive or -negative results in
genetic analyses, and to low power especially
for low-frequency variants. Ideally, cohorts for
the study of DN have long-term prospective
follow-up, a large sample size, and provide a
representative sample of the general popula-
tion with type 2 diabetes mellitus. The higher
effort necessary for performing a prospective
study compared with a cross-sectional study is
well invested since misclassification of type 2
diabetes mellitus complications is reduced by
prospective study design: for example, a patient
in a cross-sectional study with a one-time
normal urinalysis and short diabetes duration
is misclassified as “control” without diabetic
nephropathy if macroalbuminuria and reduced
eGFR occur after this single cross-sectional
examination. Longitudinal studies allow the
analysis of the full spectrum of kidney disease
in type 2 diabetes mellitus: incident microalbu-
minuria or eGFR <60 mL/min/1.73 m?, preclini-
cal kidney function decline, progression of
CKD, and incident ESRD. Recruiting a repre-
sentative sample of the general population
with type 2 diabetes mellitus is particularly
challenging since very healthy or very ill
type 2 diabetes mellitus patients are under-
represented in most observational studies.
Further sources of bias are the level of care and
complexity of comorbidities in recruiting
outpatient departments. For example, patients
recruited only in a university center tend to
have more comorbidities and severe type 2 dia-
betes mellitus manifestations than patients
recruited in a general practitioner’s office, and
differences in intensity of care may affect the
outcomes too. Thus, documentation of the
mode of ascertainment or recruiting is impera-
tive to allow for the statistical adjustment for
this type of bias.

In addition to assessing a patient’s ethnicity
(e.g., Caucasian versus African American), an
important design issue is population substruc-
ture, i.e., undetected differences in genetic back-

ground even within the same ethnicity [36-38].
Population substructure can be detected and
controlled for in genetic studies by principal
component analysis or by the method of
“genomic control” [39].

In summary, any epidemiological or genetic
epidemiological analysis of a cohort requires
careful consideration of cohort design, sample
size, ethnicity and phenotype definition.

Linkage analyses are classical genetic mapping
approaches performed in families with index
patients affected by a rare disease. Success in
discovering mutations causing diseases with a
Mendelian mode of inheritance and mostly
a pathognomonic clinical phenotype linked to
a single gene is often reported [40]. This
method systematically examines the whole
genome, and thus has no prior candidate gene.
In diseases with a clear Mendelian mode of
inheritance, variants discovered typically have
large effects explaining essentially all of the
disease risk (Figure 3.2) [41].

The so-called candidate gene approach inves-
tigates the association between common
genetic variants in candidate genes for disease
phenotypes such as DN based on a priori
biological hypotheses. Confirmatory replica-
tion is rarely achieved due to a multitude of
study design issues, such as inadequate power,
low significance threshold, and differences in
phenotype definition between studies. Despite
limitations, this method has been widely used
(reviewed in Maeda [42], McKnight et al. [43])
until the first genome-wide association studies
were published in 2005. Since then candidate
gene studies have become an accepted method
to confirm loci identified by GWAS or other
genome-wide genetic methods [44, 45].

Genome-wide association studies (GWAS) have
been catalyzed by the publication of the
human genome in 2001 by technological
advances in the high-throughput detection of
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effect size of
factors explaining
disease risk

rare Mende

T genes

environment
diabetes, hypertension
smoking, others

complexkidney disease
e.g. diabetic nephropathy

Role of genetic variants in etiology of rare and common kidney diseases.

genome sequence variation and the unraveling
of the genetic architecture in humans of differ-
ent ethnic origin in the HapMap project [46].
Commercial sources offer the necessary high
throughput genotyping technologies for rap-
idly genotyping more than 10° single nucle-
otide polymorphisms (SNPs) across the whole
genome per person in a single analytical
process. In contrast to candidate gene studies,
GWAS have the advantage of being unbiased
by biological hypotheses since a SNP panel is
analyzed that captures most of an individual’s
genetic variation.

Linear (for continuous traits, e.g. eGFR)
and logistic (for dichotomous traits, e.g. DN or
ESRD) regression models are used to calculate
the degree of association of the risk allele with
a certain phenotype, such as DN, for each of
the SNPs genotyped. By using the information
on human genetic variation in the HapMap
data set, these large data sets may be further
enhanced by the imputation of the further
several million SNPs that lie between the geno-
typed SNPs [47, 48]. This extension of the
SNP number studied increases the coverage of
genomic variation within the genome, making
the pooling of data from different studies for
joint GWAS meta-analysis possible even if the
studies were genotyped on different genotyp-
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ing platforms. The advantage of GWAS meta-
analyses is that the higher sample size increases
the power to detect the small effects associated
with each SNP typically observed for common
diseases such as DN (Figure 3.2) [41].

To exclude false-positive results when
performing several million statistical tests, it
is necessary to correct for multiple testing.
Applying the method described by Bonferroni
to GWAS with 1 million genome-wide inde-
pendent SNPs, a SNP association is deemed
genome-wide significant if the p-value is less
than 5x 108 This “Bonferroni penalty”
reduces power, thus requiring very large sample
sizes. To confirm results of this first stage of
locus discovery, confirmation in independent
individuals is mandatory in a second stage of
genetic testing of the SNPs identified in stage
1 GWAS [41].

While the current HapMap-imputed SNP
data set provides reliable data on SNPs with a
minor allele frequency above 10%, there is con-
siderable uncertainty about the quality of
information on SNPs with a minor allele fre-
quency less than 10% [49]. This problem is
further aggravated by the fact that most studies
are underpowered to adequately analyze SNPs
with such low minor allele frequency. However,
imputation of >7 million SNPs with improved
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coverage of such low-frequency variants is
now possible with the availability of the
sequence information of several hundred
individuals of European origin in the 1000
Genomes data set [47, 49]. These data sets
will be used in the near future and are
hoped to close the gap between common
variant approaches (GWAS) and rare mutation
approaches (linkage analysis).

Important caveats regarding interpretation
of genetic analyses include (1) publication bias,
whereby non-significant findings may not be
published and thus be underrepresented, (2)
between-study heterogeneity in design, pheno-
type definition, population stratification [36],
and ethnicity, potentially leading to random
effects, and (3) the SNPs identified through
GWAS are rarely the causal variants, but rather
identify genetic loci for further functional
study. The SNP identified could tag any func-
tional entity. Depending on genetic architec-
ture at that locus, several genes and their
regulatory regions may be included.

In summary, when reviewing results of
genetic analyses of DN, it is important to con-
sider the caveats regarding phenotype defini-

tion, study design and methods of genetic
analyses raised above.

Family-based linkage analyses

Family-based linkage studies have identified
several genetic regions associated with DN
(reviewed in Freedman et al. [50]), but the small
effect size and borderline significance level do
not allow the conclusion that these loci are
unequivocally related to DN risk. Methodo-
logical issues obscuring clear findings include
non-uniform study designs and phenotype
definitions, and inadequate statistical power
(Table 3.1). Probably the most convincing find-
ing obtained in family-based studies is the
association of a genetic region at 18q22.3 with
advanced DN, which was confirmed in Pima
Indians in the same study [51]. Subsequent
genetic and functional studies by the same
group in Mannheim identified genetic variants
in the Carnosinase 1 (CNDPI) gene to explain
this genetic signal [52], confirmed by several
other studies [53].

Overview of genome-wide association studies (GWAS) and family based linkage studies for diabetic

nephropathy
Lowest Highest
Locus (gene p-value in LOD-score in
name) SNP-GWAS linkage analysis
3p13 NA 2.76
3q13 NA 455
3921.3 NA 2.67
3925.1 NA 3.1
6p24.3 NA 3.09

Ethnicity = Phenotype References
AA Albuminuria in DM1 [75]

or DM2
AA ESRD/proteinuria in [76]

DM2
Fi ESRD/proteinuria in [77]

DM1
EA ESRD/proteinuria in [78]

DM1
EA ESRD/proteinuria in [75]

DM1 or DM2

(Continued)
35
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(Continued)
Lowest Highest

Locus (gene p-value in LOD-score in

name) SNP-GWAS linkage analysis

7p14.1 NA 8x 10°
(ELMOT)

7p21.3 NA 2.81

7q21.2 NA 2.96

7921.1/ NA p=6x10"
7q21.3 6x 107

7436.2 NA 3.1

8q24 (PVTT) 2x 107 NA

9921.32 5x 107 NA
(FRMD3)

10g22.3 NA 8.1x 107
(zmiz1)

10923.31 3.1 NA

11p15.5 3.1x10° NA
(CARS)

12p13.2 6 x 10 NA
(KLRAT)

TMPO (12g22) 5x 10 NA

12924.11 1.4x10° NA
(ACACB)

13934 (IRS2) 1x10% NA

13934 NA 1.8x 10°
(rs1411766)

16913 8.7 x 107 NA
(SLCT12A3)

18922.3 6.1 2x 10
(CNDPT)

Ethnicity  Phenotype References
Ja, EA, ESRD/proteinuria in [26, 56, 57,
AA, PI DM1 or DM2 79, 80]
Al ESRD/proteinuria in [75]
DM1 or DM2
EA Albuminuria in DM1 [75]
or DM2
EA/AA Albuminuria/ESRD/ [81]
proteinuria in DM1
or DM2
>90% EA  Albuminuria in DM2 [82]
PI, EA Albuminuria/ESRD in [58], [59]
DM1 and DM2
EA ESRD/proteinuria in [23]
DM1
EA ESRD/proteinuria in [56]
DM1
>90% EA eGFR in DM2 [83]
EA ESRD/proteinuria in [23]
DM1
EA ESRD/proteinuria in [56]
DM1
EA ESRD/proteinuria in [56]
DM1
Ja ESRD/proteinuria in [84]
DM2
EA ESRD/proteinuria in [56]
DM1
EA, Ja ESRD/proteinuria in [23], [85]
DM1 or DM2
Ja ESRD/proteinuria in [54]
DM2
Tu, AA, ESRD/proteinuria in [51, 76, 81,
EA, Al DM2 86, 87]

AA, African-Americans; Al, American-Indians; EA, European-Americans; MA, Mexican-Americans; Fi, Finnish;
Ja, Japanese; Tu, Turkish; ACR, albumin-to-creatinine ratio; DM1, type 1 diabetes mellitus; DM2, type 1

diabetes mellitus.

Genome-wide association studies

The first GWAS of DN was performed in
Japanese patients with type 1 diabetes. SNPs
in SLC12A3, the gene encoding the thiazide-
sensitive sodium chloride cotransporter and
mutated in Gitelman'’s syndrome, were signifi-
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cantly associated with DN [54]. An analysis of
a larger number of SNPs in the same subjects
revealed ELMO1 (engulfment and cell motility
1) and ACACB (acetyl coenzyme A carboxylase
beta) as potential loci for DN. Both have been
validated by functional studies. The protein
expressed by ELMOI1 is a mammalian homo-
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logue of the Caenorhabditis elegans ced-12 gene
product, which is required for engulfment of
dying cells and for cell migration. A known
link to kidney disease has not been published
[55]. Further genetic evidence supports the
notion of ELMOI as an interesting candidate
for DN, since it showed nominally significant
association in another GWAS in type 1 diabet-
ics of European descent [56], in a fine-mapping
study in African Americans with type 2 diabe-
tes [57], and in Pima Indians. However, the
SNPs identified differ between studies, are not
completely correlated, and did not reach
genome-wide significance. Further, correlated
alleles do not consistently show either a pro-
tective or damaging effect. Thus, further work
is required to elucidate the mechanisms by
which genetic variants at the ELMOI locus
affect DN risk.

Plasmacytoma variant 1 (PVTI) has been
identified by genome-wide analysis of over
100000 SNPs in Pima Indians, in a study ana-
lyzing genetic risk for ESRD due to diabetes type
2 [58]; results were confirmed in Caucasians
with ESRD attributed to diabetes type 1 [59].

Further, FRMD3 and CARS were associated
with diabetic nephropathy in a large GWAS of
patients with type 1 diabetes from the GoKinD
collection [23]. Though none of the reported
SNPs reached genome-wide significance, these
findings were confirmed by an independent,
prospective study of type 1 diabetes patients
(DCCT/EDIC), and by expression in human
kidney.

However, none of the GWAS performed for
DN have identified SNPs with genome-wide
significance. Since analyses of dichotomous
traits such as DN require large sample sizes to
attain adequate statistical power, the GWAS of
DN published so far are notoriously underpow-
ered. Pooling of GWAS from several GWAS by
meta-analysis is currently under way in the
FIND (diabetes mellitus type 2, [60]) and
GENIE consortia (diabetes mellitus type 1),
although sample size (n < 10000) is not yet

comparable with recently published GWAS
meta-analyses of eGFR and albuminuria in
general population cohorts (sample size
>65000 [33, 34, 61-63]).

Thus, in contrast to the exciting discovery
of the MYH9/APOL1 locus associated with non-
diabetic ESRD in African Americans, the search
for genetic variants associated with ESRD due
to DN in African Americans has not been as
successful [38, 64, 65]. A recent GWAS of ESRD
in African Americans with type 2 diabetes
found no SNPs with genome-wide significance,
but several loci were named [66]. The formally
significant association of variants in MYH9
with DN in a candidate gene study may be
attributed to underlying non-diabetic kidney
disease since biopsies were not performed [67].
Recent genetic analyses indicate that there are
genetic variants associated with incident CKD
and progressive kidney disease irrespective of
underlying primary insults [43, 68-70], but
GWAS have not been published for this clini-
cally important phenotype.

The future of genetic analyses

The effect sizes of the SNPs identified in GWAS
are very small, and account only for a fraction
of the heritability observed in family studies
[13, 41]. For example, the 16 SNPs associated
with eGFR in GWAS meta-analysis of over
67000 individuals in the general population
account for only 1.4% of the interindividual
variation of eGFR in this sample [33], while
heritability of eGFR lies at 36-75% [13]. This
gap has been termed “missing heritability”
[41], with several potential explanations: (1)
There may be further frequent variants [minor
allele frequency (MAF) 10-50%)] with smaller
effect size. GWAS or GWAS meta-analyses with
higher sample sizes should detect these; (2) less
frequent variants (MAF 1-10%) may account
for larger effects, which may be detected by
using a set of SNPs that provides more reliable
genetic information at low MAF than current
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SNP panels do [47], or by performing whole-
genome sequencing thus covering the total
individual genomic variation; (3) gene-gene
and gene—environment interactions may dilute
the main variant effect. Larger GWAS account-
ing for such interactions could detect SNPs
involved in networks. However, cohorts with
adequate sample sizes and detailed environ-
mental phenotyping in sufficient quality are
not (yet) available. The multitude of gene-gene
interactions to be searched would involve an
enormous number of tests. Another approach
with recent success is to integrate data on
genetic variants with databases obtained by
genome-wide analysis of gene expression, or
information on body fluid metabolites or pep-
tides [71, 72].

In an optimal setting, genetic findings from
GWAS or association studies with candidate
genes will allow to directly link genetic aberra-
tion with a single gene or a limited number of
genes whose function may be unraveled by
in vitro and experimental studies. What are the
advantages and merits of such an approach?
Experimental models performed in animals
with gene deletion(s) (at times several genes
may be knocked out at the same time, even
conditionally after birth) allow the relative
contribution of genetic effects on diabetic
nephropathy to be assessed. Under such cir-
cumstances targeted therapy may be devised
and tested. There are however some important
aspects to consider before one may envision
translational approaches towards animal studies.
Rodents exhibit a completely different genetic
background, some mouse strains are suscep-
tible to nephropathy, others are resistant.
A recent study analyzed the dependency of
albuminuria in aging mice on genetic back-
ground, in respect of loci for human diabetic
nephropathy on mouse chromosome 8. By

38

haplotype association mapping the authors
compared the haplotypes of relatively closely
related mouse inbred strains regarding their
renal phenotype (albumin-to-creatinine ratio)
at age 12, 18, and 24 months. Two of the iden-
tified nine susceptibility loci were significantly
associated with DN loci in human type 1 dia-
betes patients [73]. The results underscore
common underlying genes that predispose to
kidney disease in mice and humans. Con-
versely, they emphasize the relevance of gene-
gene interactions.

Furthermore, typical histopathologic find-
ings for DN are not common in rodents with
prolonged diabetes alone. In rats, only the
combination of hypertension and diabetic
metabolism results in a renal phenotype.

Once genetic variants have been identified,
there is still a long way to go before patients
will benefit in day-to-day care. Bioinformatic
tools and systems biology approaches are key
to the analysis of large-scale and multidimen-
sional data and will further aid in clarifying
whether a genetic variant is “harmful” to the
organism [74]. In principle, such findings need
not necessarily identify only a single protein
but may also identify complex pathways. The
aim is to utilize the information to design suc-
cessful interventions. Alternatively, the devel-
opment of highly predictive marker proteins
will ensure that they are utilized to identify
those patients at highest risk for DN.

Minor allele frequency (MAF): the presence
of two or more alleles at a specific
chromosomal position defines a
polymorphic site in the genome, e.g., a
single nucleotide polymorphism. The
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minor allele frequency gives the frequency
that the rarer of the alleles occurs in a
genotyped population.

Heritability: The extent to which a trait
manifestation is determined by heritable
factors which are assumed to be genetically
determined. The degree of heritability is
determined in pedigree analysis of family
studies.
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Pathophysiology of diabetic
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Key points

e There are several structural hallmarks of diabetic
nephropathy that are specific and related to duration
of diabetes, degree of glycemic control, and genetic
factors.

¢ Both the glomerular cells (mesangial cells, glomeru-
lar endothelial cells, and podocytes) and the renal
interstitial cell types (tubular epithelial cells, peritubu-
lar endothelial cells, resident and activated fibroblasts,
and mast cells) contribute to the pathogenesis of
diabetic nephropathy.

e The most important mediators in diabetic neph-
ropathy are advanced glycation end product, trans-
forming growth factor-B1, connective tissue growth
factor, angiotensin Il, platelet-derived growth factor,
hepatocyte growth factor, bone morphogenic protein-

7, insulin-like growth factor-I, vascular endothelial
growth factor, and nitric oxide.

e The excessive accumulation of extracellular matrix,
which leads to tubulointerstitial fibrosis in diabetic
nephropathy, is mainly mediated by myofibroblasts.
These activated fibroblasts can originate from tubular
epithelial and/or endothelial cells via epithelial-to-
mesenchymal transition and endothelial-to-mesen-
chymal transition respectively.

e Hypoxia, oxidative stress, and inflammation are
important mechanisms in the pathophysiology of dia-
betic nephropathy.

e Several animal models exist to study the diabetic
nephropathy looking at specific aspects.

The changes in kidney structure caused by dia-
betes are specific, creating a pattern not seen
in other renal disease, and the severity of dia-

betic nephropathy (DN) lesions is related to
diabetes duration, degree of glycemic control,
and genetic factors [1]. The renal risk of devel-
oping nephropathy is with approximately
25-40% similar in patients with type 1 and 2
diabetes mellitus and there are no substantial
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differences between patients with type 2 and
those with type 1 diabetes with respect to
the basic pathophysiological mechanisms
leading to nephropathy [2-4]. Renal structural
abnormalities found in DN such as mesangial
expansion, basement membrane thickening,
glomerulo- and arteriosclerosis, changes in
endothelial and tubular cells, podocyte abnor-
malities, and interstitial inflammation and
fibrosis occur in all renal compartments [5].
However, the excessive deposition of extracel-
lular matrix (ECM) proteins in the mesangium
and basement membrane of the glomerulus
and in the renal tubulointerstitium are the ear-
liest morphological changes and typical hall-
marks of DN [5, 6]. The expansion of the
mesangial area, caused by an increase in ECM
deposition and mesangial cell (MC) hyperthro-
phy, appears to be the main cause of reducing
glomerular filtration in DN [6, 7]. The extent
of these changes, which lead to a reduction in
the surface available for filtration and narrow-
ing of the lumen, correlates inversely and
highly significantly with the glomerular filtra-
tion rate in both types of diabetes [6, 8-10].
Matrix components, typically increased in DN,
are collagen types I, III, IV, V, VI, and VIII,
tenascin, fibronectin, and laminin [6, 11]. To
visualize the thickening of glomerular and
tubular basement membranes and the increased
amount of mesangial matrix kidney, sections
can be stained with periodic acid Schift (PAS),
and immunostaining with specific antibodies
unveils the enhanced protein expression of dif-
ferent matrix components, e.g. collagen types
I, 111, and IV.

The earliest clinical evidence that nephropathy
exists is the appearance of low, yet abnormal,
levels of albumin in the urine, called micro-
albuminuria [12]. The pathophysiology of
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albuminuria is complex and likely to be het-
erogeneous even within a single disease entity
such as diabetes, with different cell types in the
glomerulus and possibly in the tubule contrib-
uting in different degrees and at different
stages of disease to the leakage of albumin
(Figure 4.1) [13]. However, glomerular hemo-
dynamic changes including hyperperfusion
and hyperfiltration facilitate the development
of albumin leakage from the glomerular capil-
lary compartment into Bowman'’s space [14].
The elevation in glomerular capillary pressure
and the increase in glomerular plasma flow
result from a decrease in both afferent and
efferent arteriolar resistances wherein the affer-
ent arteriole is more dilated than the efferent
[5, 14, 15].

Many diverse factors, including prostanoids,
nitric oxide (NO), growth hormone, insulin,
insulin-like growth factors (IGFs), angiotensin
II (Ang 1II), vascular endothelial growth factor
(VEGF), and cytokines, have been implicated
as agents causing hyperfiltration and hyperper-
fusion. The enhanced intraglomerular pressure
leads subsequently to the development of
MC matrix overexpression and podocyte
injury, because the glomerular capillary base-
ment membrane is in continuum with both
podocytes and MCs (Figure 4.1) [5, 14]. Thus
changes in capillary pressure cause abnormal
shear stress or stretching of glomerular cells,
which in turn stimulate the production of
cytokines and growth factors in an autocrine
and/or paracrine manner. For instance, expo-
sure of glomerular cells (e.g. MCs, podocytes,
and glomerular endothelial cells) in vitro to
stretching or shear stress can activate certain
signal transduction systems, growth response,
cytokine synthesis, and increased production
of ECM proteins [5, 14-16]. MCs, which are
located in the intercapillary space, share many
characteristics with vascular smooth muscle
cells; they possess an abundant number of
actin filaments and they contract and prolifer-
ate in response to numerous vasoactive sub-
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Involvement of different renal cell types in pathogenesis of diabetic nephropathy (DN). Multiple factors
contribute to the pathogenesis of DN. Via “crosstalking” the glomerular cell types (mesangial cells, glomerular
endothelial cells, and podocytes) are involved in thickening of the glomerular basement membrane and mesangial
expansion as well as via upregulation of various mediators, such as transforming growth factor (TGF)-B1, vascular
endothelial growth factor, angiotensin I, reactive oxygen species (ROS), and MCP-1, in glomerular inflammation,
glomerulosclerosis, and vascular endothelial dysfunction (VED). In addition to some of these glomerular changes
and the pathology of podocytes, tubules also contribute to the development of albuminuria, a hallmark of DN.
Increased extracellular matrix (ECM) production by the renal interstitial cell types (tubular cells, resident fibroblasts,
activated myofibroblasts, and mast cells) leads to tubulointerstitial fibrosis, another characteristic feature of DN.
See text for details. Reproduced from D’Agati V, et al. RAGE, glomerulosclerosis and proteinuria: roles in podocytes
and endothelial cells. Trends Endocrinol Metab 2010;21:50-6. (See also Plate 4.1.)

stances and growth factors/cytokines [17, 18].
After initial injury, the activated MCs may
change phenotype, expressing fibroblast-like
myosin [18]. Loss and disassembly of actin
fibers in the mesangial area are found in dia-
betic glomeruli with an impaired contractility
in response to vasoconstrictive agents [16].
MCs play an important role in the regulation
of glomerular hemodynamics and are the prin-
cipal glomerular cells involved in ECM deposi-

tion in the mesangium (Figure 4.1) [16, 17].
Although both stretching and high glucose
induce gene expression and protein secretion
of ECM components in MCs in vitro, stretching
also stimulates collagen synthesis at all glucose
concentrations, whereas it is only at high
glucose levels that net collagen accumulation
in the medium can be demonstrated [16].
Furthermore, in response to hyperglycemia
and stretch, MCs undergo a short period of

47

a5U9017 s‘.uowwoo aAIIea1D 9|ceat|dde ay) Aq peusenob aJe S9ILe YO ‘85N J0 S9|NJ Joj Aleiq1 SUIIUQO AS|IA UO (SUONIPUOI-PUE-SWB) WD A9 !M'Kmq!BUHU@uu) SUONIPUOD PUe SIS 1 8y} 89S *[9202/20/82] U0 Akeiqiauliuo AB|IM ‘Ireuupuld JO AisieAlun Aq /iopwodAa|im Aselq puluo//sdny wo.j peanumoa



Pathophysiology of diabetic nephropathy

proliferation followed by cell hypertrophy, and
after prolonged exposure to high glucose MCs
arrest in the G; phase of the cell cycle, which
is mediated by p27%P!, an inhibitor of cyclin-
dependent kinases [5, 16].

Ang 1II plays a pivotal role in this growth
process. Although mesangial cell pathophysi-
ology has long been considered at the heart
of development of DN, podocytes have been
identified more recently as a central target for
the effects of the metabolic milieu in the devel-
opment and progression of albuminuria in
both type 1 and type 2 diabetes mellitus [14,
19]. Podocytes are highly differentiated cells
with a complex cellular morphology which
directly cover the glomerular basement mem-
brane (GBM) (Figure 4.1) [5, 16]. The podocyte
cell body bulges into the urinary space and
gives rise to long primary processes that extend
toward the capillaries to which they affix by
numerous foot processes [16]. The foot pro-
cesses of neighboring podocytes intercon-
nected by several slit diaphragm molecules,
such as nephrin, form the final barrier for fil-
tration. Proteins that anchor foot processes to
the GBM (e.g. a3B1-integrin, integrin-linked
kinase (ILK), and o-actinin-4 (ACTN4)) and
those associated with the slit diaphragm (e.g.
nephrin, podocin, ACTN4, and CD2-associated
protein) are crucial for normal function of the
filtration barrier [20]. Podocytes are the princi-
pal glomerular cell type involved in the forma-
tion of the GBM, as they produce and assemble
most of the components of the GBM, such as
the o3 chain of collagen type IV, fibronectin,
laminin, agrin, and heparin sulfate proteogly-
can. Whereas collagen type 1V, fibronectin and
laminin in diabetic glomeruli are increased,
the expression of agrin and heparin sulfate
proteoglycan is reduced [16]. The decrease in
the GBM content of these negatively charged
molecules contributes to the loss of charge
selectivity in the glomerular filtration barrier
and to the development and progression
of proteinuria [21]. Furthermore, structural
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abnormalities of podocyte foot processes, such
as foot process widening, effacement, and nar-
rower filtration slits, have been described in
DN, in which the foot process width directly
correlates with the urinary albumin excretion
rate (Figure 4.1) [16, 21]. In addition to foot
process widening, the number and density of
podocytes have been reported to be markedly
reduced (podocytopenia) in diabetic patients
with type 1 or 2 diabetes [21]. In the adult
kidney, podocytes are unable to undergo
regenerative proliferation to compensate for a
loss of podocytes or an increase in GBM surface
area. Therefore, it is not clear whether in DN
there is an absolute reduction in podocyte
number or a relative reduction due to the
increased surface area of GBM [16]. Broadening
of foot processes would be a compensatory
response of the remaining podocytes in an
attempt to cover areas of bare GBM [16]. In
fact, podocytopenia worsens with the progres-
sion from normoalbuminuria to microalbu-
minuria to overt proteinuria, in which the loss
of cell anchorage to the GBM may result from
downregulation of a.31-integrin, the principal
adhesion complex that attaches the podocyte
to the GBM, which has been shown in several
studies [21]. Furthermore, in DN nephrin
protein production is downregulated, and
the decrease in nephrin, which is exclusively
expressed by podocytes and predominantly
localized to the slit diaphragm, leads to broad-
ening of the foot process widths and subse-
quently increased proteinuria [16, 21]. Many
of these processes are mediated by Ang II.

An alternative explanation for proteinuria in
DN is disturbed handling of proteins by proxi-
mal tubular cells [19, 22]. The albumin and
other ultrafiltered proteins are normally reab-
sorped in the tubular system by endocytosis via
megalin and cubulin, and only traces of protein
are found in the urine under physiological con-
ditions. Albuminuria in pathophysiological
states such as DN might be due to attenuated
tubular reabsorption of albumin (Figure 4.1)
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[19]. Furthermore, it has been clearly demon-
strated that an increase in tubular basement
membrane (TBM) width is an integral compo-
nent of early nephropathy, and a direct effect
of hyperglycemia on the turnover of the
TBM matrix components has been shown. For
example, exposure of human renal proximal
tubular cells to high glucose increases the
amount of collagen IV and fibronectin in the
culture supernatant and decreases the path-
ways which are responsible for their degrada-
tion [23]. Diabetic tubules show a higher
intracellular glucose concentration and one
consequence resulting from this intracellular
glucose accumulation is activation of the
polyol pathway. The metabolism of hexose or
pentose sugars by this pathway is of great
importance in glucose-mediated alterations in
proximal tubular cell matrix generation, but it
has also been shown that there is a significant
amount of variability in the ability of cultured
proximal tubular cells from different individu-
als to activate the polyol pathway; this may be
one factor, which explains the heterogeneous
nature of DN [23]. A further early renal struc-
tural feature of diabetes is tubular hypertrophy.
In contrast to alterations in matrix generation,
cell hypertrophy is not mediated by the polyol
pathway, but some effects are linked to increas-
ing proximal tubular sodium absorption [23].
Tubuloepithelial hypertrophy, characterized by
cell cycle arrest in the G; phase, is one of the
precursors of the later irreversible changes in
the tubulointerstitial architecture leading to
tubular atrophy and interstitial fibrosis (Figure
4.1). Part of this association between growth
and fibrogenesis may be because similar net-
works of cytokines and growth factors that
induce cellular hypertrophy can also stimulate
ECM synthesis and deposition [24]. The bio-
logical functions of endothelium, an interior
covering of blood vessels, are numerous and
in DN vascular endothelial dysfunction (VED)
has been shown (Figure 4.1) [25]. VED results
in reduced production of NO, reduced activa-

Pathophysiology of diabetic nephropathy

tion of nitric oxide synthase (NOS), and
increased production of reactive oxygen species
(ROS). The deranged endothelial function
upregulates the expression of prothrombotic
and proinflammatory mediators, which are
implicated in the pathogenesis of DN [25].
Hyperglycemia induces endothelial apoptotic
cell death and scavenges NO and induces VED,
which, in turn, increases the deposition of the
ECM leading to glomerulosclerosis and pro-
gressive decline in the glomerular filtration rate
to produce nephropathy. More precisely, high
concentration of glucose alters endothelial gly-
cocalyx permeability, and the expression and
activity of NOS is downregulated through
glucose-mediated production of ROS, which
play a major role in the changes of intraglomer-
ular hemodynamics in DN [25]. Furthermore,
interaction of glomerular endothelial cells with
other glomerular cells, such as MCs and podo-
cytes, determine the overall balance of cell
growth and matrix accumulation, and in disease
states where sclerosis results there is a shift
toward abnormal cell growth and matrix syn-
thesis (Figure 4.1) [18]. In addition, endothelial
cells, together with tubular cells, are involved
in two other mechanisms, called endothelial-
to-mesenchymal transition (EndMT) and
epithelial-to-mesenchymal transition (EMT).
In both mechanisms the cells undergo bio-
chemical changes which lead to a transdif-
ferentation to activated myofibroblasts. The
myofibroblasts, in turn, contribute to the
development of diabetic renal interstitial fibro-
sis via synthesis and secretion of ECM (see
below). Mast cells, which play a key role in
inflammatory processes, are also associated
with human DN (Figure 4.1) [26]. The number
of these infiltrating cells in the interstitium is
significantly increased in DN compared with
normal kidney tissue. Mast cells are often
found in periglomerular and peritubular loca-
tions, but never within glomeruli, and they
contribute directly to ECM accumulation and
also influence fibroblast activity in DN [26]
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Several growth factors, cytokines, chemokines,
and vasoactive agents have been implicated in
the pathogenesis of DN [24]. These factors are
stimulated by high glucose and its metabolites,
non-enzymatic glycation products, and hemo-
dynamic changes, and are released from resi-
dent renal cells. They may, in turn, through
autocrine and paracrine mechanisms, stimu-
late either proliferation or hypertrophy of
cells, and increase their production of ECM
proteins [24].

Advanced glycation end products

Non-enzymatic and irreversible reactions
between sugars and the free amino groups
on proteins, lipids, and nucleic acids by the
Maillard reaction result in dysfunction through
the formation of AGEs [27, 28]. These chemi-
cally heterogeneous compounds induce many
of the pathogenic changes that occur in DN.
For instance, AGEs directly stimulate ECM
production, reduce the expression and activ-
ity of degradative matrix metalloproteinases,
and significantly interact with the renin-
angiotensin system (RAS) [27]. AGEs result in
the expression and activation of a number of
transcription factors implicated in the develop-
ment of DN, including nuclear factor kB (NF-
kB) and protein kinase C (PKC). This effect can
be both direct (through AGE receptors) and
indirect, via generation of ROS [27]. However,
AGEs contribute to the release of proinflam-
matory cytokines and expression of growth
factors, such as TGF-B1 and CTGE, by interact-
ing via specific receptors with, for example,
monocytes/macrophages and endothelial cells
[28]. Although present at low levels in home-
ostasis, the multiligand receptor for AGEs
(RAGE) expression is increased in diabetic
kidney, especially in podocytes [29, 30]. AGEs
and signaling via RAGE is strongly implicated
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in podocyte effacement, in the upregulation of
podocyte expression of monocyte chemoat-
tractant protein-1 (MCP-1), and podocyte
apoptosis [29]. Podocyte RAGE activation also
increases the expression/activation of VEGFE
which, in turn, leads to both hyperpermeabil-
ity and proteinuria (Figure 4.1) [30]. An activa-
tion of RAGE in endothelial cells is involved in
the generation of ROS, which then promote
endothelial dysfunction [31]. In MCs, RAGE
activation inhibits cell proliferation and pro-
motes MC hypertrophy as well as increasing
the mesangial synthesis of ECM, such as
fibronectin and collagen types I and IV, and the
mesangial secretion of MCP-1, which partici-
pates in the inflammatory process (Figure 4.1)
[31]. In addition to podocytes, mesangial, and
endothelial cells, RAGE has also been identi-
fied on the surface of tubular cells in kidneys,
where activation leads to increased expression
of TGF-B1, which is responsible for develop-
ment of activated myofibroblasts via EMT
(Figure 4.2) [31].

Transforming growth factor-f1

TGF-B1, a potent profibrotic cytokine, and its
type II receptor are increased in type 1 and
2 diabetes [5, 6, 32]. In DN in tubular cells
and MCs, TGF-B1 is induced by mechanisms
involving high glucose, AGEs and ROS, and
Ang 1I (Figure 4.2) [5, 19]. Although in MCs
TGF-B1 is induced by high glucose, TGF-1
blockade prevents glucose-induced MC hyper-
trophy and ECM production, indicating that
these effects are mediated by TGF-B1 via an
autocrine mechanism [5, 16]. It is obvious that
TGF-B1 is the key cytokine inducing the pro-
duction of different ECM proteins in renal
cells and inhibiting ECM degradation (Figure
4.2) [6, 14, 21, 33]. The TGF-B system in the
podocyte also stimulates ECM production by
the podocyte (contributing to GBM thicken-
ing) and promotes apoptosis and decreases
integrin expression, which can lead to podo-
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Schematic view of the central role of transforming growth factor (TGF)-B1 in diabetic nephropathy
(DN). Various mechanisms relevant to hyperglycemia-induced activation of TGF-B1 lead to tissue destruction in
DN. The multifunctional cytokine TGF-B1, induced by advanced glycation end products, angiotensin Il, proteinuria,
and reactive oxygen species, acts as the key mediator of tubulointerstitial and glomerular pathobiology in DN.
See text for details. Modified after Wolf G. New insights into the pathophysiology of diabetic nephropathy: from
haemodynamics to molecular pathology. Eur J Clin Invest 2004;34:785-96. and Bottinger EP, et al. TGF-beta
signaling in renal disease. / Am Soc Nephrol 2002;13:2600-10.

cyte detachment and podocytopenia [14, 21].
In diabetic kidneys, TGF-B1 expression is
associated with increased tubular cell apopto-
sis, which leads to tubular degeneration and
atrophy [34]. Epithelial cells of the proximal
tubule have the potential to contribute to the
pathogenesis of renal fibrosis by the produc-
tion of TGF-B1, because the proximal tubular
cell-derived TGF-B1 on the one hand regulates
the terminal differentiation of interstitial fi-
broblasts associated with induction of inter-
stitial collagen gene expression and its protein
incorporation into the ECM, and on the
other hand stimulates marked alterations in
cell morphology, such that the epithelial cells

acquire an elongated, spindle shape, fibrob-
lastic appearance associated with rearrangement
of their actin cytoskeleton [23]. Loss of glomer-
ular and peritubular capillaries is associated
with increased apoptosis of endothelial cells,
which is directly induced by TGF-1 (Figure
4.2) [34]. Furthermore, TGF-f1 may also indi-
rectly promote endothelial cell apoptosis by
depleting cell types that produce VEGF. This
angiogenic survival factor is expressed in po-
docytes and tubular cells in normal kidneys,
and TGF-Bl-induced apoptosis of podocytes
and tubular cells may be causing the described
loss of expression of VEGF in progressive renal
disease [34].
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Connective tissue growth factor

CTGF is another prosclerotic cytokine and has
also been shown to be involved in both the
early and the later stages of DN [6]. In support
of the hypothesis of the relevance of CTGF in
DN, it has been shown that CTGF is scarcely
expressed in the normal kidney, but it is
strongly induced in both human and experi-
mental DN [16]. CTGF, originally identified as
a growth factor secreted by vascular endothe-
lial cells in culture, is exclusively induced by
TGF-B1 in fibroblasts and therefore a crucial
downstream mediator of TGF-B1-stimulated
matrix protein expression and the profibrotic
effects of TGF-f1 [35-38]. Downstream of a
cascade of events induced by hyperglycemia,
CTGF and TGF-p1 work in a coordinated
manner to promote increased expression of
ECM proteins. CTGF mediates the TGF-B1-
induced increases in ECM proteins (collagen
types I, III, 1V, and fibronectin) [6]. Further-
more, CTGF indirectly plays a role in the
pathogenesis of DN by modulating the bioac-
tivity of other cytokines implicated in the
pathogenesis of the glomerular damage, because
CTGF appears to enhance IGF-I prosclerotic
effects and to increase the binding of TGF-1
to its receptors [16].

Angiotensin Il

Ang II plays a pivotal role as a mediator of
proteinuria in DN through the induction of
various cytokines and chemokines via auto-
crine and paracrine pathways [5, 19]. Circulat-
ing Ang Il is formed in the blood by RAS, which
is activated in DN [16, 24]. Ang II, in the dia-
betic kidney stimulated by hyperglycemia and
metabolic and hemodynamic processes, medi-
ates glomerular hyperfiltration and, via enhanc-
ing the uptake of glucose by cells, enhanced
oxidative stress, which is important for the for-
mation of AGEs (Figure 4.2) [19]. Specifically,
a local increase in Ang II in the podocyte
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microenvironment by hyperglycemia leads to
suppression of nephrin expression in podocytes,
and thereby increases the ultrafiltration of
proteins, which further contribute to podocyte
damage [5]. In addition, Ang II, also induced
in tubular cells by hyperglycemia, increases
tubular reabsorption of ultrafiltered proteins as
well, contributing thereby to tubular inflam-
mation and fibrosis [5, 6]

Platelet-derived growth factor

In addition to TGF-B, another growth factor
implicated in progressive renal injury is
platelet-derived growth factor (PDGF) [39] The
PDGF system, which is upregulated in glomer-
uli from diabetic rats and MCs in culture
exposed to high glucose medium, stimulates
TGEF-B synthesis in renal cells and the subse-
quent hypertrophy and increased collagen
production. For example, PDGF mediates both
high glucose- and AGE-dependent induction
of collagen III in cultured MCs through aug-
menting the production of TGF-B1, suggesting
that PDGF acts as an intermediate factor [24].

Hepatocyte growth factor and bone
morphogenic protein-7

Hepatocyte growth factor (HGF), a multifunc-
tional polypeptide, and its specific tyrosine
kinase receptor play an important role in renal
development [40]. In the kidney, HGF expres-
sion is limited to mesenchyme-derived cells,
including glomerular MCs, endothelial cells,
interstitial fibroblasts, and macrophages [40].
Although HGF and its receptor are stimulated
in kidneys of diabetic rats and the expression
of HGF is induced by high glucose in cultured
proximal tubular and inner medullary collect-
ing duct cells, [24] there is emerging evidence
that administration of HGF protein, or its gene,
in various animal models of chronic renal
disease suppresses the profibrogenic cytokine
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TGF-B1 and its receptor, inhibits the activation
of myofibroblasts, and attenuates ECM deposi-
tion and interstitial fibrosis [40]. In recent
years, another protein, called bone morpho-
genic protein-7 (BMP-7), is gaining increasing
scientific attention in diabetic kidneys. BMP-7,
a homodimeric member of the TGF- super-
family, is primarily expressed in kidney tubules
and glomeruli [41]. In human and experimen-
tal DN, the renal cortical expression of BMP-7
is progressively decreased in both tubules and
glomeruli [42, 43]. Furthermore, in cultured
tubular cells, BMP-7 expression is reduced by
TGF-B1 and moreover BMP-7 reverses TGF-f1-
induced EMT in association with reversal of
chronic renal injury [42, 44]. In addition, the
upregulation of CTGF by TGF-f1 inhibits
BMP-7 signaling in vitro and in vivo and reduces
important features of DN, such as GBM thick-
ening and albuminuria [45, 46].

Insulin-like growth factor-I

IGF-I is a potent mitogenic polypeptide and
although circulating IGF-I levels are normal or
reduced in patients with diabetes, the local
renal IGF-1 system is upregulated in key dia-
betic kidney tissues and glomerular ultrafiltrate
as well as in renal fibroblasts under hyperglyc-
emic conditions, suggesting a role for IGF-I in
the pathogenesis of both glomerular hypertro-
phy and hyperfiltration in diabetes [6, 16, 24,
47, 48]. The enhanced renal IGF-I levels are
correlated with pathological alterations, such
as increased proliferation of mesangial and
tubular cells and increased migration of podo-
cytes and MCs [48] Further effects of IGF-I in
the kidney at the cellular level are the promo-
tion of ECM accumulation in MCs, tubular
cells, and also fibroblasts, and the increase in
DNA synthesis and protein synthesis in tubular
cells [48] In addition, IGF-I together with
CTGF, both produced by human renal fibrob-
lasts, have been shown to cooperate the induc-
tion of collagen type I and type III production

Pathophysiology of diabetic nephropathy

by high glucose, whereas CTGF alone has no
effect on collagen secretion [47].

Vascular endothelial growth factor

VEGF, a homodimeric glycoprotein, is an
endothelial-specific growth factor that pro-
motes glomerular and peritubular endothelial
cell proliferation, differentiation, and survival,
and furthermore is a potent inducer of vascular
permeability and dilation [5, 16, 49]. In the
kidney, VEGF is predominantly expressed by
podocytes and tubular cells, but also in MCs
and the collecting duct [5, 16, 49]. VEGF and
its receptors are upregulated in patients with
type 1 and type 2 diabetes and also in experi-
mental animals [49]. Whereas hypoxia is the
main stimulus of VEGF, several other factors,
such as hyperglycemia, TGF-f1, PDGF, IGF-I,
Ang II, AGEs, and ROS, also have the potential
to upregulate VEGF expression [49]. A func-
tional role of VEGF in the pathophysiology
of DN is most likely, because inhibition of
VEGF has beneficial effects on diabetes-induced
functional and structural alterations, such as
hyperfiltration, albuminuria, and glomerular
hypertrophy [5, 16, 49].

Nitric oxide

NO, produced by the NOS, is an important
modulator of renal function and morphology
[50]. Several factors and mechanisms, such as
VEGF, TGF-B1, leptin, and shear stress, stimu-
late the expression and activity of NOS in the
diabetic kidney [50]. Indeed, both expression
and activity of endothelial NOS are increased
in DN, and endothelial NOS inhibitors prevent
glomerular hyperfiltration in diabetic animals,
[16] but it has also been shown that VED,
which leads to albuminuria in DN, results in
reduced activation of endothelial NOS and
reduced generation and bioavailability of NO
[25]. These confusing and contradictory find-
ings can be explained by different diabetic
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metabolic milieus, occurring either during
early phases of nephropathy or during moder-
ate glycemic control with some degree of treat-
ment with exogenous insulin, representing
more the clinically applicable state of DN [50]

The pathophysiology of tubulointerstitial
fibrosis is divided into four arbitrary phases: (1)
cellular activation and injury phase, (2) the
fibrogenic signaling phase, (3) the fibrogenic
phase, and (4) the destructive phase [51].
In the first phase, tubular, perivascular, and
mononuclear cells are activated; they begin to
populate in the interstitium and release proin-
flammatory and injurious molecules. The
second phase is characterized by the produc-
tion of fibrosis-promoting factors, such as TGF-
B1, CTGE Ang I, and PDGF. In the third phase,
ECM production increases and matrix degrada-
tion decreases, which results in the fourth
phase, in that the number of intact nephrons
progressively declines resulting in a continu-
ous reduction in glomerular filtration [51].
Proximal tubular cells are the predominant cell
type in the normal renal interstitium, in which
there are relatively few resident interstitial
fibroblasts. These resident interstitial fibrob-
lasts lie in close apposition to the proximal
TBM and their numbers increase in progressive
DN [23]. Furthermore, the cells take on the
phenotypic appearance of activated myofi-
broblasts, which are positive for o-smooth
muscle actin (0-SMA) and fibroblast-specific
protein 1 (ESP-1), and are the major source of
the expanded ECM, the direct cause of fibrosis
[23]. Although in renal fibrosis, the role of
matrix-producing myofibroblasts, which con-
tribute to progression of fibrosis in DN by
facilitating deposition of interstitial ECM, is
widely accepted, their origin is yet controver-
sial discussed [52-54]. First Strutz et al [55]
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hypothesized and then Iwano et al [56]
confirmed that up to 36% of all interstitial
fibroblasts are derived from tubular cells by EMT
(Figure 4.3). EMT is a highly regulated process,
which is defined by four key events: (1) loss of
epithelial cell adhesion (e.g. E-cadherin adhe-
sion complex), (2) de novo a-SMA expression
and actin reorganization, (3) disruption of
TBM, and (4) enhanced cell migration and
invasion of the interstitium (Figure 4.3) [57,
58]. Several factors are known to play an
important role in the induction of EMT and
subsequently of tubulointerstitial fibrosis. For
example, chronic hypoxia in the tubulointer-
stitium, AGEs, CTGE, and metalloproteinases
have been shown to stimulate EMT in models
of renal disease, but, above all, the enhanced
multifunctional cytokine TGF-B1 has been
identified as a central mediator of the fibrotic
response in diabetic kidneys and as a regulator
for EMT [59-62]. Another novel mechanism
for generation of myofibroblasts in early dia-
betic renal fibrosis is EndMT (Figure 4.3). Here,
in contrast to the EMT mechanism, the acti-
vated myofibroblasts are of endothelial origin.
Different research groups showed that in
models for DN a significant number of o-SMA-
and FSP-1-positive cells (myofibroblasts) coex-
pressed the endothelial marker CD31,
suggesting that these fibroblasts are likely of
endothelial origin [63, 64]. Similar to EMT,
EndMT can be induced by TGF-f1 and be
inhibited by BMP-7 [44, 65, 66].

Hypoxia

Chronic hypoxia in the interstitium, an im-
portant hallmark of DN, is multifactorial
and occurs via several mechanisms acting in
concert, such as anemia in the early stage and
loss of peritubular capillaries in the tubu-
lointerstitium in the late stage [67, 68]. Hypoxia
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Hypothesis of progression of tubulointerstitial fibrosis by EMT and EndMT. Interstitial myofibroblasts
responsible for synthesis of ECM and contribution to fibrosis have been proposed to be derived from more
sources: (1) proliferation/activation of resident fibroblasts, (2) epithelial-to-mesenchymal transition (EMT), (3)
endothelial-to-mesenchymal transition (EndMT), and/or (4) infiltration of circulating bone marrow-derived fibro-
cytes. Initiated by external stimuli (e.g., hyperglycemia, cytokines, extracellular matrix) tubular or endothelial cells
lose their cell-cell contacts and start to express mesenchymal markers (e.g. o-smooth muscle actin, vimentin) and
undergo EMT and EndMT, respectively. The initially metastable cells, which coexpress tubular/endothelial and
mesenchymal markers, disengage themselves from cell connective and transdifferentiate to interstitial myofibrob-
lasts. These mesenchymal cells derived from epithelium or endothelium in the tubulointerstitium contribute to
progression of DN. Modified and supplemented according to Kizu A, et al. Endothelial-mesenchymal transition
as a novel mechanism for generating myofibroblasts during diabetic nephropathy. Am J Pathol 2009;175:1371-3,

and Barnes JL, et al. Myofibroblast differentiation during fibrosis: role of NAD(P)H oxidases. Kidney Int

2011;79:944-56. (See also Plate 4.2.)

is a potent regulator of gene expression for a
broad spectrum of molecules and in DN an
important factor aggravating interstitial fibro-
sis, partly by the induction of factors such as
TGF-B1 and VEGEF, which lead to apoptosis of
tubular cells or EMT [5, 67, 68]. This induction
of growth factors and cytokines is mediated by

hypoxia-inducible factor-1 (HIF-1), and Ang II
can further increase this important transcrip-
tion factor [5]. Administration of erythropoie-
tin (EPO) to correct anemia and blockade of
RAS to preserve peritubular capillary flow and
reduce oxidative stress are key to the improve-
ment of kidney oxygenation [68].
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Oxidative stress

Hyperglycemia leads to an increase in mito-
chondrial ROS formation, which mediate
many negative biological effects, including
oxidation of proteins and damage to DNA.
Oxidative stress in the form of increased
production of ROS represents a pathophys-
iological link between hyperglycemia and
other major pathways responsible for diabetic
complications [28]. ROS are capable of activat-
ing PKC in vascular endothelial cells, which
increases the production of cytokines and ECM
[28]. Oxidative stress is a leading initiator of
cellular dysfunction in diabetes complications,
and increased ROS generation can induce
podocyte dysfunction [21]. Furthermore, anti-
oxidants blocks glucose-induced increase in
fibronectin and collagen type IV gene expres-
sion in MCs and attenuates hyperglycemia-
induced apoptosis in human tubular cells [1].

Inflammation

Inflammatory pathways have a central role in
the development of diabetic complications,
such as DN [69]. Inflammation in the diabetic
kidney is characterized by increased synthesis
of proinflammatory cytokines [e.g. interleukin
(IL)-1, IL-6, and IL-18, tumor necrosis factor
(TNF)], upregulation of adhesion molecules,
and enhanced expression of chemoattractant
cytokines (e.g. MCP-1 and RANTES), with sub-
sequent transmigration of monocytes, neu-
trophils, and lymphocytes into renal tissue
[69]. MCP-1 is an important chemokine for
macrophages/monocytes and its expression in
MCs is stimulated by high glucose, but also a
increased tubular expression of MCP-1 has
been found in experimental models and in
renal biopsies from patients with DN [5]. The
expression of proinflammatory cytokines
could be further stimulated in podocytes and
tubular cells by proteinuria acting in concert
with hyperglycemia and AGEs (Figure 4.1) [5].
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One of the major elements implicated in this
inflammatory reaction is NF-kB, a ubiquitous
transcription factor that is activated by many
stimuli relevant to DN [69]. The accumulation
of macrophages and neutrophils are features of
the development of DN and these cells and
their products (e.g. ROS, cytokines and pro-
teases) exacerbate inflammation in the kidneys
of patients with diabetes mellitus [69]. The
diabetes-associated induction of proinflam-
matory and profibrotic cytokines, including
TGF-B1, is partly dependent on Ang II and con-
tributes to the destruction of nephrons in DN
(Figure 4.2) [5].

The Animal Models of Diabetic Complications
Consortium (AMDCC), created in 2001 by the
National Institutes of Health, was initiated to
develop and characterize models of DN and
other complications [70]. Although no current
strain of type 1 or type 2 diabetes reliably
develops all the features of human DN, AMDCC
investigators and other investigators in the
field have found a number of exciting new
models, in addition to standard models, that
replicate various features of DN [70]. Some
leading murine models of this disorder will be
briefly illustrated, noting that considerably
more models are available.

Streptozotocin model

Streptozotocin (STZ)-induced diabetes is an
overall recognized model for type 1 diabetes
mellitus. By injection of the islet toxin STZ, the
animals develop type 1 diabetes and exhibit a
broad spectrum of renal diabetic pathophysiol-
ogy including kidney enlargement, diffuse
mesangial expansion, glomerular hypertrophy,
basement membrane thickening, ECM accu-
mulation, glomerulosclerosis, and upregula-
tion of TGF-B1 mRNA and protein expression
[39]. Although much knowledge about DN has
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been found using the STZ model, it is not
perfect, because one important feature of this
model is that the renal functional and mor-
phological changes will not lead to progressive
renal insufficiency even when followed for up
to 18 months [39].

db/db mouse model

The db/db mouse model of leptin deficiency is
currently the most widely used mouse for mod-
eling DN in settings of type 2 diabetes [71]. The
db/db mice have a mutation deletion of the
leptin receptor, and leptin deficiency confers
susceptibility to obesity and insulin resistance
[71]. The underlying genetic background is
susceptible to diabetic complications such as
nephropathy, and DN in these mice is manifest
by albuminuria, podocyte loss, and mesangial
matrix expansion [71]. Although these mice do
not develop progressive renal insufficiency and
therefore fail to recapitulate later and morpho-
logically advanced features of DN, the db/db
mice are a good model of early changes of
human DN [71].

Endothelial nitric oxide synthase-
deficient mice

The endothelial cell-derived vasodilator NO is
an important mediator in DN, and combina-
tion of endothelial nitric oxide synthase
(eNOS) deficiency with either the STZ-induced
type 1 diabetes or the db/db model for diabetes
type 2 induces nephropatic changes that
mimic many aspects of human DN [70, 71]. In
particular, the introduction of eNOS deficiency
into the db/db mice background has shown as
a major advance in DN model development,
because these mice develop obesity, hyperten-
sion, albuminuria, marked mesangial expan-
sion, and mesangiolysis, which offers great
potential for studying mechanisms underlying
progression [71].

Pathophysiology of diabetic nephropathy

BTBR ob/ob mice

The characteristics of the BTBR (black and tan
brachyuric, i.e., short tailed) ob/ob mice are
insulin resistant with elevated serum insulin
levels and pancreatic islet hypertrophy and
subsequent sustained hyperglycemia [71]. The
kidney phenotype of these mice includes early
loss of podocytes, chronologically coinciding
with onset of proteinuria. Furthermore, this
mouse model develops on later stage pro-
gressive, advanced DN with features of more
extensive mesangial expansion, mesangiolysis,
persistent podocyte loss, basement membrane
thickening, and interstitial fibrosis [71].

Further helpful mouse models to study the
pathophysiology of DN are (1) bradykinin B2
receptor-deficient mice, (2) decorin deficient
mice, (3) mice that overexpress renin, (4) mice
that overexpress calmodulin in pancreatic
cells (OVE26 mouse), (5) mice with a single
nucleotide substitution in the gene encoding
for insulin (Akita mouse), and (6) podocyte-
specific insulin receptor knockout mice
[70, 71].
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Histology of human diabetic

nephropathy
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e Diabetic nephropathy is the leading cause of end-
stage renal failure in adults.

¢ Diabetic nephropathy shows a typical clinical course
of proteinuria and a spectrum of characteristic
morphologic alterations of the glomeruli, the tubu-
lointerstitium and the renal vasculature.

e Ultrastructurally, even in the very early stages of
diabetic nephropathy a marked thickening of the
glomerular basement membrane can be observed.

e Advanced diabetic nephropathy is histologically
characterized by nodular glomerulsclerosis, so-called
Kimmelstiel-Wilson glomerulosclerosis, progressive
tubular atrophy, interstitial fibrosis, and arteriolar
hyalinosis.

e The increased knowledge about the morphology
of diabetic nephropathy is reflected by the recent

proposal for a new classification of diabetic
nephropathy.

e The most important differential diagnoses of
diabetic nephropathy are diseases that are also
associated with marked proteinuria, i.e., amyloidosis,
light-chain deposition disease and membranoprolif-
erative glomerulonephritis.

e Rarely, in addition to pre-existing diabetic neph-
ropathy, other glomerular diseases may be present,
i.e., immunecomplex glomerulonephritis or renal
involvement in systemic disease like vasculitis.

e Whenever the clinical course of diabetic nephropa-
thy is atypical or changes rapidly, a kidney biopsy is
strongly recommended to rule out other concurrent
disease that would require different therapeutic
options.

Involvement of the kidney, i.e., diabetic neph-
ropathy, is a major complication of diabetes
mellitus and certainly one of the most devas-

tating [1]. Renal dysfunction develops in about
one-third of patients with diabetes, yielding
an estimated number of about 150 million
patients worldwide, with the number increas-
ing to 300 million in the year 2025 [2]. Renal
involvement in the two major types of diabetes
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mellitus, i.e., type 1 or insulin-dependent dia-
betes mellitus (IDDM), and type 2, or non-
insulin dependent diabetes mellitus (NIDDM),
is morphologically similar, but occurs with dif-
ferent incidence and follows a different time
course. About 15-20% of type 1 diabetic
patients and 30-40% of type 2 diabetic patients
will eventually develop end-stage renal failure.
The natural history of diabetic nephropathy is
characterized by five stages. Stages 1 and 2, i.e.,
the prediabetic stages, are characterized by
renal hypertrophy and hyperfiltration. Stage 3,
i.e., incipient diabetic nephropathy, is func-
tionally characterized by microalbuminuria,
defined as >30mg but <300mg of albumin
in the urine per day, and hypertension. On
the morphologic level, glomerular basement
thickening, mesangial matrix expansion, and
arteriolar hyalinosis can be observed (Plate
5.1). In stage 4, i.e., overt diabetic nephropa-
thy, proteinuria and/or nephrotic syndrome
are paralleled by a decrease in glomerular filtra-
tion rate (GFR), which further declines when
end-stage renal disease (stage 5) is reached. His-
tologically, advanced diabetic nephropathy is
characterized by nodular glomerulosclerosis,
so-called Kimmelstiel-Wilson glomeruloscle-
rosis, and progressive tubular atrophy and
interstitial fibrosis (Box 5.1, Plate 5.1a—c) [3, 4].

Long-known risk factors for diabetic neph-
ropathy are hypertension, hyperglycemia,

dyslipidemia, obesity, and genetic factors [5].
Clinical trials have shown that strict control
of hyperglycemia and hypertension can slow
the progression of diabetic nephropathy and
that insulin resistance correlates with the onset
and severity of albuminuria. Moreover, there is
recent evidence that altered insulin signaling
in glomerular cells and particularly podocytes
may contribute to the development of diabetic
nephropathy [6]. Microalbuminuria, which is
the initial clinical indicator of diabetic neph-
ropathy, reflects a functional and potentially
reversible abnormality initiated by glomerular
hyperfiltration. Microalbuminuria induces a
specific genetic program in tubular epithelial
cells, which orchestrate tubular atrophy, inter-
stitial inflammation, and fibrosis.

Renal morphologic changes in diabetes
mellitus are summarized under diabetic
nephropathy(DN), which represents a combi-
nation of characteristic glomerular, tubulointer-
stitial, and vascular changes. In parallel to the
varying clinical course of renal involvement
in diabetes mellitus with microalbuminuria,
proteinuria, and renal failure the histologic
alterations are also very variable. DN usually
starts with subtle thickening of the glomerular
basement membrane, which can only be seen
on electron microscopy, and progresses to so-
called nodular diabetic glomerulosclerosis
(Kimmelstil-Wilson type) that ends up with

course of diabetic nephropathy

Light microscopy
(Kimmelstiel-Wilson)

Tubular atrophy and interstitial fibrosis
Changes have similar prognostic significance

Electron microscopy

Thickening of GBM and TBM

Glomerular enlargement (hypertrophy of glomeruli)
Podocyte damage leading to loss of podocytes

Characteristic light microscopy and electron microscopy alterations in the

Diffuse or nodular expansion of mesangial matrix with formation of diffuse or nodular type glomerulosclerosis

Intima thickening and hyalinosis if arteries and arterioles
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complete glomerular obliteration and further
sclerosis of the kidney. Often there is not a
good correlation between the clinical and the
morphologic appearance of the disease.
Full-blown DN can usually be expected after
10-15 years of diabetes mellitus. Diabetic
patients who present with such a history and
typical clinical symptoms usually do not
undergo a kidney biopsy. However, indications
for a kidney biopsy in the setting of suspected
DN are (1) onset of proteinuria <5 years of
diabetes mellitus, (2) acute onset/progressive
course of DN, (3) nephritic urine sediment
with erythrocytes and cylinders, and (4) renal
symptoms in the absence of diabetic retinopa-
thy in type I diabetes mellitus. Of note, DN can
recur in the transplanted kidney or can occur
de novo, usually presenting with a much more
progressive course of the disease [7].

Morphology and pathogenesis of
characteristic histologic alterations of
the kidney in diabetic nephropathy

Macroscopically, the earliest visible alteration
is a bilateral increase in kidney size that can
be seen on ultrasound and that is due to a
combination of hyperfiltration and structural
adaptation (Box 5.1). The kidney structure
on ultrasound, however, is not yet altered at
that point in time. Ultrastructurally, even in
very early stages a marked thickening of the
glomerular basement membrane (GBM) can be
observed [3, 4].

On light microscopy the following character-
istic changes can be seen occurring as early, on
average, as 2 years after the onset of diabetes
mellitus and comprise glomerular, tubulointer-
stitial, and vascular alterations (Plate 5.1a—c).
1. Glomeruli: Glomeruli show various struc-
tural alterations that can present in variable
combinations: glomerular enlargement (so-
called glomerular hypertrophy) and thickening
of GBM, both typical of nodular glomeruloscle-
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rosis (Kimmelstiel-Wilson sclerosis), and a
more diffuse increase in the mesangial matrix
with variable degrees of sclerosis (Plate 5.1b,c,e).
Other characteristic findings are so-called
hyalin lesions or fibrin caps and the so-called
capsular drops. These findings represent different
underlying pathomechanisms, i.e., thickening
of the GBM is due to basement membrane
modifications by glycation or deposition of
advanced glycation end products (AGEs) whereas
the increase in mesangial matrix production is
due to stimulation of mesangial cells by hyper-
glycemia [8]. The characteristic Kimmelstiel-
Wilson noduli that often show a lammellated
structure and contain fragments of erythro-
cytes may derive from microaneurysms of
glomerular capillaries or from mesangiolysis,
i.e., dissolution of the mesangium due to
hydrostatic or metabolic damage [9-11].

For a long time pathophysiologic changes in
mesangial cells have been considered as the
heart of diabetic kidney disease, but recent evi-
dence implicates the podocyte as an important
player in the development and progression of
DN. Podocytes are terminally differentiated
epithelial cells and are critically important for
the integrity of the GBM. During DN, different
histopathologic changes on podocytes can be
observed, ranging from ultrastructural changes
to the loss of podocytes.

Podocyte loss occurs by apoptosis [12-14] or
detachment [15] and was found to be the
strongest predictor for disease progression [16].
In particular, the significant loss of podocytes
in early DN may explain the onset of micro-
albuminuria [17]. Detached podocytes could
be detected in the urine of 53% Japanese type
2 diabetic patients with microalbuminuria and
in 80% with macroalbuminuria [18]. Apoptosis
of podocytes is induced by a variety of mecha-
nisms, including formation of AGEs and the
production of reactive oxygen species (ROS).
Glucose can also effect podocyte survival by
inducing the renin-angiotensin system (RAS)
leading to increased angiotensin II (Ang II)
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levels and induction of proapoptotic trans-
forming growth factor (TGF)-B. In addition,
Ang II increases ROS production by activation
of NADPH oxidase and stimulates receptor
advanced glycation end products (RAGE) ex-
pression via its AT2 receptors [19]. The
interaction of AGEs with its receptor, RAGE,
mediates podocyte apoptosis by alteration of
forkhead box O (Foxo4) acetylation, as shown
in a recent study [12]. Consequently, podocyte
loss could be prevented in experimental DN by
treatment with angiotensin-converting enzyme
(ACE) inhibitors [20]. Podocyte damage is
not only due to high glucose levels but also
due to reduced insulin concentrations, insulin
resistance, or changes in insulin sensitizing
agents like adiponectin and leptin [21]. How-
ever, not all detached podocytes must neces-
sarily undergo apoptosis. Alterations of the
podocyte cytoskeleton and anchoring within
the GBM are suggested mechanisms leading to
podocyte loss during DN. Diabetic conditions,
for example, modulate expression of integrins
and decrease binding of podocytes to the GBM
[19]. Nephrin, the key component of the slit
diaphragm, is crucial for maintaining the in-
tegrity of the glomerular filtration barrier but
also regulates the actin cytoskeleton of the
podocyte. In a study by Doublier et al. [22]
nephrin immunostaining was extensively
reduced in renal biopsies from patients with
DN. In addition, protein kinase C-a, which is
upregulated in podocytes in DN, also mediates
endocytosis of nephrin from the slit mem-
brane [23].

2. Tubulointerstitium: The tubuli and the renal
interstitium in DN can also show variable
lesions, which for a long time were attributed
to glomerular injury although they do not cor-
relate well with the degree of glomerular altera-
tions. Recent studies provided evidence for
early tubular apoptosis and atrophy as separate
pathomechanisms in DN [24, 25]. In addition,
marked uniformly thickening of non-atrophic
tubules can be regarded as a typical, but not

100% specific, sign of DN (Plate 5.1a). In
advanced DN there is usually a combination of
advanced tubular atrophy, interstitial fibrosis
and a variable degree of concomitant intersti-
tial inflammation. The latter may comprise
lymphocytes, plasma cells, and neutrophilic
and eosinophilic granulocytes, making the
distinction from interstitial nephritis some-
times difficult. Rarely, marked vacuolization of
tubular epithelial cells, i.e., Armanni-Ebstein
cells, can be seen. A study in patients with DN
who had undergone pancreas transplantation
documented that advanced tubulointerstitial
damage, like tubular atrophy and interstitial
fibrosis, is partly reversible over a long period
of time (5-10 years) if the underlying stimulus,
i.e., hyperglycemia, had been stopped [26].
This has not been shown, however, for the
accompanying vascular changes.

3. Renal vasculature: In the kidney diabetic
macro- and microangiopathy can also be seen:
Most characteristic for DN is a combination of
arteriolar hyalinosis of the vasa afferentia and
efferentia with the above-mentioned glomeru-
lar changes, i.e., nodular glomerulosclerosis
(Plate 5.1c, arrow). It is important to know that
in some patients vascular changes can precede
glomerular alterations.

The increased knowledge about the mor-
phology of DN is reflected by the recent
proposal for classification of diabetic neph-
ropathy (Box 5.2, Plate 5.2) that takes into
account most of the above-mentioned changes,
bringing them into an easy to handle scoring
system and algorithm for daily routine [27].
Here, the morphologic picture is used for cat-
egorization of the lesions into I (Plate 5.2a), Ila
and IIb (Plate 5.2b,c), III (Plate 5.2d,e), and IV
(Plate 5.2f). Also, the interstitial and vascular
changes can be scored semiquantitatively (0-
2). This new classification proposal is currently
being analyzed for interobserver variation and
its prognostic value.

Additional investigations using immunbhistol-
ogy on paraffin sections or immunofluorescence
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Classes of diabetic nephropathy

I Mild or non-specific light microscopic changes and thickening of the GBM on electron microscopy
(females: >395nm; males: >430nm, older than 9 years of age)

lla Mild mesangial expansion

Ilb Severe mesangial expansion

Il Nodular sclerosis (Kimmelstiel-Wilson lesion)
IV Advanced diabetic glomerulosclerosis

According to Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT, Drachenberg CB, Ferrario F, Fogo
AB, Haas M, de Heer E, Joh K, Noel LH, Radhakrishnan J, Seshan SV, Bajema IM, Bruijn JA: Pathologic clas-
sification of diabetic nephropathy. / Am Soc Nephrol 2010;21:556-63.

on frozen sections are important to rule out
concurrent renal and in particular glomerular
disease (see below). Moreover, in DN one can
see the more or less typical pseudolinear stain-
ing for immunoglobulin (Ig)G (rarely also for
IgM and C3c) of the thickened GBM that has
to be distinguished from the very similar linear
staining pattern in anti-GBM glomerulone-
phritis (GN) and the more granular pseudolin-
ear staining pattern in membranous GN (Plate
5.1D). Here, it can be of some help that in DN
similar staining can also be seen in thickened
tubular basement membranes. In advanced
glomerulosclerosis, unspecific trapping of 1gG,
IgM, and C3c can be seen in the mesangium.

Electron microscopy (EM) is routinely per-
formed on most native kidney biopsies. In DN,
the presence and degree of thickening of the
GBM and of podocyte damage with increased
size, marked vacuolization of the cytoplasm,
and effacement or loss of foot processes can be
visualized by EM (Plate 5.1f). Here, an up to
10-fold increase in normal GBM thickness can
occur together with splicing and crinkling of
the GBM. At the onset of DN, when microalbu-
minuria can be detected in patients, the first
structural changes were found in podocytes.
These early changes include widening of podo-
cyte foot processes and increased width of fil-
tration slits in podocytes from patients with
DN [28]. Such structural changes could be
reported in histomorphometric studies investi-
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gating both NIDDM [29] and IDDM [28]
patients. The width of the foot processes in DN
patients is increased about 20-40% compared
with healthy controls [28, 29]. Interestingly,
the width of filtration slits also changes during
development of DN. The width is still increased
in DN patients before onset of microalbuminu-
ria and persists in DN patients with microalbu-
minuria compared with non-diabetic control
subjects. In contrast, in diabetic patients with
proteinuria, the width of filtration slits were
similar to normal control subjects. Of note, the
width of the filtration slits positively correlate
with the GFR [28].

Years ago, EM investigations had already
made major contributions to understanding
the pathophysiology and sequence of altera-
tions in DN [3, 4]. Quantitative ultrastructural
methods were also instrumental for a study
where regression of existing glomerulosclerosis
and interstitial fibrosis was documented for 10
years and the diabetic milieu was corrected by
pancreas transplantation [30].

The three most important morphologic differ-
ential diagnoses of DN are those diseases that
can occur histologically with a diffuse or
nodular glomerulosclerosis that looks similar
to that in DN:
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e amyloidosis (Congo +)

e light-chain deposition disease (LCDD; with
deposition of kappa/lambda light chains)

e membranoproliferative GN (MPGN; immuno-
histology, immunofluorescence).

Here, additional stains like the Congo red stain
are most helpful to either confirm or rule out
amyloidosis.

Clinically, differential diagnoses that mor-
phologically can usually be easily distinguished
from DN are
e minimal change glomerulonephritis (MCGN)
e focal segmental glomerulosclerosis (FSGS)

* membranous GN/MPGN
e hypertensive GN
e ischemic nephropathy.

In addition to the above-mentioned altera-
tions in DN, patients with diabetes mellitus
may present additional renal diseases such as
minimal change GN, IgA-GN or if there is an
acute onset of disease also crescentic GN as in
vasculitis. Moreover, the kidney in patients
with DN can also be involved in systemic dis-
eases such as, for example, cast nephropathy
in multiple myeloma. Of note, in up to 20% of
diabetic patients, glomerular diseases such as
membranous GN or postinfectious GN or
interstitial diseases such as interstitial nephritis
can occur even in the absence of any sign of
DN. It depends on the symptoms and clinical
judgment whether patients with diabetes mel-
litus undergo kidney biopsy to confirm DN or
another concurrent renal disease.

The typical morphologic spectrum of diabetic
nephropathy, i.e., glomerular, vascular, and
tubulointerstitial alterations, usually develops
after 10-135 years of clinically apparent diabetes
mellitus. In exceptional cases, renal disease

may start earlier, i.e., after 3-5 years of diabetic
disease. Patients with existing diabetic neph-
ropathy are not safe from other renal diseases,
in particular immunecomplex glomerulone-
phritides, and renal involvement in systemic
diseases like vasculitis may occur. If this is
clinically suspected or the course of diabetic
nephropathy rapidly changes, a kidney biopsy
is necessary to make a final diagnosis which in
most cases requires additional therapeutic
options than pure diabetic nephropathy.
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Natural history and diagnosis
of diabetic kidney disease

Bethany Karl and Kumar Sharma

University of California San Diego, La Jolla, CA, USA

e Diabetic kidney disease encompasses diabetic
nephropathy, incipient nephropathy, and diabetic
glomerulopathy.

e Type 1 diabetic patients who develop persistent
microalbuminuria are at high risk of progression to
overt nephropathy and renal failure.

e Type 2 diabetic patients with nephropathy progress
to renal failure at a similar rate to type 1 diabetic
patients

e Early screening for diabetic kidney disease includes
measuring the albumin—creatinine ratio and assessing
renal function either with serum creatinine or the
glomerular filtration rate.

e Diabetic kidney disease is a complex interplay
between genetic, metabolic, and hemodynamic
factors.

Patients with diabetes continue to lead the
population of those requiring renal replace-
ment therapy and renal transplantation.
Diabetic kidney disease, formerly referred to as
diabetic nephropathy, has shown to be a
complex interplay between genetic, metabolic
and hemodynamic factors [1]. Much of the
prior work has focused on the hemodynamic

and genetic components leading to renal
dysfunction, with little attention paid to the
metabolic effects of diabetes on the kidney.
This chapter will present the currently accepted
natural history and diagnosis of diabetic kidney
disease, including investigations based on met-
abolic understandings that could provide
future insight into discoveries.

The diagnosis of diabetic nephropathy
has historically been clinical, based on the
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Natural history and diagnosis of diabetic kidney disease

presence of overt proteinuria; however, studies
reveal a more heterogeneous state of diabetic
kidney disease leading to a change in terminol-
ogy [2]. It was once thought that if a patient
with longstanding diabetes had associated
kidney disease without overt proteinuria, the
cause was not diabetes. It has since been shown
that this clinical scenario could very well be a
variant form of diabetic kidney disease. Biopsy-
proven diabetic glomerulopathy exists in dia-
betic patients with incipient nephropathy, a
term that represents those with evidence
of microalbuminuria; and in some without any
trace of proteinuria [2, 3]. Brocco et al. [4]
performed kidney biopsies on type 2 diabetics
with microalbuminuria and concluded that
only one-third of patients had “typical” dia-
betic glomerulopathy. The other two-thirds
showed a spectrum from near-normal structure
to severe tubulointerstitial lesions and arterial
hyalinosis. Studies have also challenged the
current definition of a diabetic patient, as dia-
betic kidney disease has been seen in predia-
betics. Mac-Moune et al. [5] showed glomerular
basement membrane thickening in patients
with metabolic syndrome and proteinuria up
to 2 years prior to their formal diagnosis of
diabetes. In this same patient population,
Sucurro et al. [6] found decreased glomerular
filtration rates prior to overt diabetes.
Therefore, it has been shown that the broad
definition of diabetic kidney disease has come
to represent a characteristic set of structural
and functional kidney abnormalities in patients
with impaired glucose handling and overt dia-
betes [7]. Diabetic kidney disease can encom-
pass the compilation of pathologic changes
seen in many parts of the kidney, including
the glomerulus, the tubules, the interstitial
compartment, and vasculature [4]. It is imper-
ative for clinicians to be familiar with the
natural course of diabetic kidney disease
and diagnostic tools, as currently understood,
complete with their limitations. Through
this understanding, clinicians will be better

prepared to evaluate, diagnosis and treat their
patients accordingly.

The natural history of a disease is defined as
the course of disease if it is not treated or
manipulated in any way. Clinical observation
of the natural history of diabetic kidney disease
in humans, both in type 1 and type 2 diabetics,
is often confounded as patients are started on
forms of therapy to control glucose, hyperten-
sion, and proteinuria. Thus, historical studies
are referred to for large cohorts that develop
diabetic complications with diabetes. However,
the historical experience is limited as most
patients are treated in one form or another for
diabetes, hypertension, and abnormal lipid
profiles or even with low-dose aspirin or vita-
mins. Therefore, it is worth evaluating what is
the natural history of diabetic kidney disease
with common therapies. Surprisingly, at least
in many cohorts of well-characterized patients,
there does not appear to be a substantial abate-
ment of progressive kidney disease in patients
with type 1 diabetes.

The pediatric literature has long reported on
the natural history diabetic kidney disease seen
in type 1 diabetic patients. Of note, the data
are primarily from before the use of renin-
angiotensin system blockade, which is likely to
affect the course of disease. At onset of diagno-
sis patients may present with hyperfiltration.
As their baseline glomerular filtration rate
(GFR) is now higher, any decline in kidney
function may be viewed as a normalization of
kidney function with control of diabetes versus
a progressive decline in kidney function leading
to complications. Typically, onset of diabetic
nephropathy is considered when microalbu-
minuria is persistent within 7-10 years of
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diagnosis [8, 9]. Patients with persistent micro-
albuminuria have associated increased risk
of progression to overt proteinuria and renal
failure [10]. Approximately 80% of those with
persistent microalbuminuria show a 10-20%
increase per year of urinary albumin excretion
to overt proteinuria in 10-15 years. Andersen
et al. [11] followed type 1 diabetics and found
two peak incidences for developing evidence of
proteinuria, after 16 and 32 years of diabetes.
After overt proteinuria, the GFR gradually falls
at a highly variable rate estimated between 2
and 20mL/min/year, with renal failure in
greater than 75% after 20 years [12]. The impor-
tance of observing GFR along with proteinuria
in these patients was highlighted by Caramori
et al. [13], who biopsied type 1 diabetics with
normoalbuminuria and revealed that those
who had associated decreased GFR already had
evidence of advanced diabetic glomerulopathy.

Although the natural history of type 1 dia-
betic kidney disease has a strong correlation
with renal failure, only a minority, 30-40%, of
type 1 diabetics will fall victim to this compli-
cation [11, 14]. This low prevalence continues
to drive research into exploring different recep-
tors and proteins that might be involved with
predisposition.

In contrast to type 1 diabetic kidney disease,
albuminuria may be less specific for type 2 associ-
ated diabetic kidney disease. Approximately
20-40% of patients with type 2 diabetes and
microalbuminuria will progress to overt neph-
ropathy. Of this small number, only an estimated
20% will progress to renal failure, with the GFR
falling at a parallel rate compared with type 1
patients [12], again with the caveat that these
statistics predate renin-angiotensin system
blockade. Non-progressors have increased risk
of expiring secondary to cardiovascular disease
prior to needing renal replacement therapy [15].
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Although proteinuria predicts a high risk of
progression, studies have shown evidence of
remission, in both type 1 and type 2 patients,
with varying degrees of proteinuria to nor-
moalbuminuria after medical interventions.
Although not always sustained, it proves
intervention can alter the natural history of
disease. One of the best interventions we have
for albuminuric diabetic kidney disease is the
use of the renin-angiotensin-aldosterone system
(RAAS) blockade. Many studies support the use
of angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin-receptor blockers (ARB) in
decreasing albuminuria, which have both been
shown to reduce progression of diabetic kidney
disease. Lewis et al. [16] proved that reduced
progression was independent of blood pressure
control in type 2 diabetics given irbesartan.
Barnett ef al. [17] addressed the question of
whether ACE inhibitor or ARB is better, and
found telmisartan not to be inferior to enalipril
in achieving renal protection in type 2 diabet-
ics with early diabetic kidney disease.

Other than RAAS blockade alone, others
have looked at glycemic and blood pressure
control in achieving proteinuric control. Hovind
et al. [18, 19] showed 39% of type 1 diabetics
reverting to albuminuria with aggressive blood
pressure control. Rossing et al. [20] showed this
was similarly possible in 25% of nephrotic-
range albuminuric type 2 diabetics. Hsieh et al.
[21] showed 35% of type 2 diabetic patients
reverting to normoalbuminuria after control-
ling blood pressure and glycemia to American
Diabetes Association goals. For glycemic con-
trol, it was recently shown that pancreas
transplantation can lead to reversal of diabetic
nephropathy. This was shown by Fioretto
et al. [22], who performed native kidney biop-
sies at 10 years after pancreas transplantation,
revealing reversal of not only the glomerular
but also the tubulointerstitial lesions of dia-
betic kidney disease. They hypothesized that
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these ends were possible with achieving long-
term euglycemia.

Understanding the course of diabetic kidney
disease and the associated pathology lends to
research in therapeutics. Research over 30 years
ago has shown that hyperglycemia alone is not
the cause of diabetic kidney disease, and initial
alterations of renal hemodynamics likely have
a role to play [23]. This led to investigation
of the role of RAAS in the GFR and the current
top medical therapeutic recommendation in
those at risk for diabetic kidney disease, RAAS
inhibition. Despite this intervention, many
still progress to end-stage disease, leaving
the way open for a more novel therapeutic
approach. As in most diseases, prevention of
disease is most effective. This mantra has led to
the discovery of the “salt paradox” and insight
into early disease, when hyperfiltration in the
proximal tubule and renal hypertrophy are
seen as initial pathologic changes [24, 25]. Early
proximal tubular changes can set the stage for
oxidative stress, inflammation, hypoxia, and
tubulointerstitial fibrosis, and thereby progres-
sion of diabetic kidney disease [23].
Hannedouche and colleagues [26] studied
the GFR, renal hemodynamics, and segmental
tubular handling of sodium in type 1 diabetics
without kidney disease compared with control
subjects. They found proximal sodium reab-
sorption was higher and significantly corre-
lated with GFR in type 1 patients. Because of
this, there was a decrease in distal sodium
delivery and proposed that deactivation of
tubuloglomerular feedback led to vasodilation
and higher GFR. The “salt paradox” in early
diabetic kidney disease was initially discovered
during an investigation into RAAS control in
the diabetic kidney. Based on the premise that
reabsorption of salt leads to hyperfiltration
Vallon et al. [27-29] questioned if decreasing

dietary salt would cause a decrease in hyper-
filtration and the GFR. They found the oppo-
site to be true, that decreasing dietary salt led
to an increase in hyperfiltration and the GFR.
The clinical relevance of this has not been
determined; however, it offers strong support
for tubuloglomerular feedback at work in early
diabetic kidney disease [30]. This question of
how clinically relevant early hyperfiltration is
connected to progression of kidney disease in
type 1 diabetics in the setting of RAAS inhibi-
tors has been raised in several studies [31, 32].

The nidus for initial change in renal hemo-
dynamics is thought secondary to the presence
of increased glucose in the proximal tubule
and by action of the sodium-glucose cotrans-
porters [33]. Specifically, SGLT2 is known to
reabsorb nearly all filtered glucose load at its
location in the early proximal tubule, inde-
pendent of insulin [23, 34]. Inhibition of
this cotransporter results in increased urinary
glucose excretion and may prove to be an
important addition to glucose management in
diabetic patients [34-36].

Risk factors

When approaching any diagnosis it is impor-
tant to consider common risk factors for the
disease and its progression. For diabetic kidney
disease, these include longer duration, poor
glycemic control, hypertension, and the pres-
ence of proteinuria [37]. Other factors include
race, genetic susceptibility (family history),
advanced age, and male sex [7]. In addition,
there is now evidence that elevated uric acid
in diabetic kidney disease patients may predict
faster progression [37, 38].

Guidelines for diagnosis

The following recommendations are based on
the clinical practice guidelines for diabetic
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kidney disease outlined by the Kidney Disease
Outcomes Quality Initiative (KDOQI), last
updated 2007 [39]. They acknowledge that
these are generalizations for identifying most
cases. They also had difficulty recommending
criteria for non-albuminuric cases. Although
the gold standard for diagnosis of diabetic
kidney disease is renal biopsy, most of the time
it is still made on clinical grounds. Based on
the knowledge of its natural history, it is rec-
ommended to start screening for albuminuria
at 5 years in type 1 diabetics and at time of
diagnosis in type 2 diabetics.

The early screening test should be an
albumin-to-creatinine ratio (ACR) with a first
morning void spot collection. The reason for
the ratio is that the urinary concentration of
albumin alone is highly variable and may lead
concerns about accuracy. Studies have been
carried out to confirm the sensitivity and
specificity of ACR to be greater than 85%
compared with timed collections. Despite con-
fidence in ACR, studies have shown differences
among age, race, and sex groups [40, 41]. One
must also question accuracy when dealing
with low muscle mass or obese patients [42,
43]. Interestingly, Wada et al. [44] showed that
the ACR of urine shows a seasonal variation
with higher values in the winter, paralleling
the group’s earlier finding of seasonal variation
of elevated blood pressure.

If a positive result is obtained, the test
should be confirmed for persistence with two
of three positive repeat measurements within
6 months. Diabetic kidney disease should be
considered in (1) type 1 diabetics with micro-
albuminuria (ACR 30-300mg/g) and duration
of diabetes >10 years; and (2) type 1 or type
2 diabetics with macroalbuminuria (ACR
>300mg/g).

Albuminuria should raise concern for
diabetic kidney disease; however, this test
should not stand alone. The KDOQI commit-
tee encourages the interpretation of albuminu-
ria in relation to the estimation of renal
function to risk-stratify patients. Renal func-
tion should be assessed through measured
serum creatinine or estimated GFR, with
knowledge of their limitations. On the basis of
natural history, it is important to remember
that patients with early nephropathy may have
evidence of hyperfiltration and may have a
normal to elevated GFR (Table 6.1).

Other clues that support diabetic nephropa-
thy aside from evidence of albuminuria and
impaired renal function include large kidneys
on ultrasound and the existence of diabetic
retinopathy or neuropathy; however absence
in type 2 diabetics does not rule out nephropa-
thy (Table 6.2).

As diabetes affects the microvascular circula-
tion, the presence of retinopathy, which can

Likelihood of diabetic kidney disease based on knowing estimated glomerular (eGFR) and

albuminuria
eGFR (mL/ Normoalbuminuria
min/1.73m? (ACR <30mg/g)
>60 Possible
30-60 Unlikely
<30 Unlikely

ACR, albumin-to-creatinine ratio.

Macroalbuminuria
(ACR >300 mg/g)

Microalbuminuria
(ACR 30-300mg/g)

Possible Likely
Possible Likely
Unlikely Likely

Adapted from KDOQI Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes and
Chronic Kidney Disease. American journal of kidney diseases: the official journal of the National Kidney
Foundation. 2007;49(2 Suppl 2):S12-154. Epub 2007/02/06.
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Assessing criteria for diabetic kidney disease
Inclusion

Pre-existing diabetes, impaired glucose
Persistent albuminuria, proteinuria
Elevated Cre, decreased GFR

Normal to large kidneys on ultrasound
Diabetic retinopathy or neuropathy

Exclusion

Other systemic disease process

Rapid increase in proteinuria, nephrotic syndrome
Rapid decrease in GFR

Presence of active urinary sediment

Refractory hypertension

Greater than expected drop in GFR with ACE inhibitor/ARB

ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blockers; GFR, glomerular

filtration rate.

be evaluated with a routine ophthalmologic
examination, was thought to predict neph-
ropathy. Studies have shown that retinopathy
correlates well with overt nephropathy; how-
ever it is less supportive in early diabetic kidney
disease. A Danish study noted proliferative
retinopathy predicted nephropathy in type 1
diabetics [45]. Pedro et al. [46] performed
an epidemiologic study in Spain from an oph-
thalmologic standpoint on the prevalence of
microangiopathy, and found microalbuminu-
ria associated with risk of diabetic retinopathy
in type 1 diabetics but not in type 2 diabetics.
An American study estimated that 30% of type
2 diabetics with renal insufficiency had no evi-
dence of retinopathy or albuminuria [47].
Exclusion criteria for diabetic kidney disease
include rapidly decreasing renal function,
rapidly increasing proteinuria, active urinary
sediment, refractory hypertension, or large
reduction in GFR after the start of an ACE
inhibitor or ARB. If a patient has any one of
the exclusion criteria, further investigation for
another cause of kidney disease should be
investigated because of the high prevalence of
diabetes in the world population. One recent
investigation by Chong et al. [48] performed a
retrospective analysis of kidney biopsies in type
2 diabetics, showing 62.7% had diabetic kidney
disease, 18.2% had non-diabetic kidney disease,
and 19.1% had mixed lesions. There have also
been investigations into the prevalence of

hematuria associated with diabetic kidney
disease, as is it often thought hematuria would
suggest an alternative diagnosis. Mazzucco et
al. [49] found 62% of patients with biopsy-
proven diabetic kidney disease had hematuria
on urinalysis; however, only 4% of them had
evidence of dysmorphic erythrocytes, which
are more often seen in glomerulonephritis. If a
patient meets any of the noted exclusion crite-
ria above, it may be worth a discussion with
the patient about the risk and benefits of
kidney biopsy.

Non-albuminuric diabetic kidney disease is
harder to stratify. One group from Italy tried
to look at the clinical significance of non-
albuminuric disease in type 2 diabetics with
a GFR less than 60mL/min/1.73% They found
no association between the presence of disease
and glycemic control and low correlation
with hypertension and retinopathy. The best
correlation was with cardiovascular disease,
hypothesizing that the renal pathology of non-
albuminuric diabetic kidney disease may rep-
resent macroangiopathy [50].

The nature of diabetic kidney disease calls
into question whether or not we should clas-
sify patients in relation to the five clinical
stages of chronic kidney disease, which is an
estimated GFR scale, or if diabetic kidney
disease should have its own classification
system. As already mentioned, diabetic patients
are not often biopsied to confirm their diabetic
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Natural history and diagnosis of diabetic kidney disease

Diabetic kidney disease pathologic classes

Diabetic kidney  Pathologic criteria on light

disease class microscopy

1 Isolated glomerular
basement membrane
thickening

2 (a) (b) Mesangial expansion (mild)
(severe)

Without nodular sclerosis
Global glomerulosclerosis
<50% of glomeruli
3 +nodular sclerosis
>1 glomerulus with nodular
increase in mesangial
matrix
4 Advanced diabetic
glomerulosclerosis
Global glomerulosclerosis
>50% of glomeruli

kidney disease; however, Tervaert and col-
leagues [51] have challenged the current patho-
logic evaluation of diabetic kidney disease. They
have published pathologic criteria after grading
diabetic kidney disease glomerular lesions to
identify four classes of diabetic glomerulopathy
with separate evaluations of interstitial and vas-
cular involvement. The criteria are independent
of type of diabetes, albuminuria and measured
GFR (Table 6.3).

As one can appreciate, there is no exacting
formula for diagnosis of diabetic kidney
disease. The varied clinical presentations of
diabetic kidney disease make its diagnosis dif-
ficult and may delay therapeutics despite the
consensus that early treatment is necessary to
prevent progression [52-54]. Current research
is attempting to better align a set of biomarkers
or tests for diagnosis, in addition to ACR and
GFR, and to better evaluate progression. Some
of the current investigations include high
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urinary mindin levels in type 2 diabetic kidney
disease patients which correlate with eGFR [55,
56]; high sensitivity C-reactive protein (CRP)
levels in offspring of type 2 diabetic kidney
disease patients that were directly associated
with ACR [57]; adding cystatin C as a third
measured marker increased predictive accuracy
of mortality and renal failure [58]; low levels
of adiponectin that predicted high ACR in type
2 diabetic patients [59]; inflammatory markers
including CRP, interleukin-6, serum amyloid A
protein, fibrinogen correlated with higher
glomerular basement membrane thickening in
type 2 diabetics [60]; higher urinary IgM levels
predicting renal and cardiovascular death in
type 2 diabetics [61].

One promising platform is knowledge of the
kidney as a metabolic organ and diabetes as an
abnormal metabolic process. The kidney’s role
in gluconeogenesis was elucidated by Mutel
et al. [62], who disregarded the contribution
of liver glycogenolysis and proved there was a
compensatory increase in kidney gluconeogen-
esis during fasting in mice to maintain eugly-
cemia. The role of the kidney as a gluconeogenic
organ may be linked to pathways associated
with chronic diabetic kidney disease. Insulin
action and resistance of the kidney may play
a dominant role in pathogenesis. Welsh and
colleagues [63] have looked at the role of
insulin signaling in the kidney and found
that podocyte-specific deficiency in insulin
receptors leads to glomerular pathologic
changes in the kidney that resemble diabetic
kidney disease lesions in the absence of
sustained hyperglycemia. Their experiments
challenge the cause of albuminuria intrin
sically to the podocyte. Perhaps therapy
targeting expression of insulin receptors in
podocytes can lend to novel therapeutics for
prevention of albuminuria [64, 65].

Diabetics are known to possess decreased
mitochondrial oxidative phosphorylation ca-
pacity [66]. Studies evaluating the renal mito-
chondria of diabetics show this dysfunction
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despite their increased number [67, 68]. Achilli
et al. [69] investigated mitochondrial DNA in
diabetics and identified specific haplotypes
that may predispose to one diabetic com-
plication over another, including separate hap-
lotypes for diabetic nephropathy and renal
failure. Covington et al. [70] identified that
mitochondrial calpain 10, a resident protease
responsible for mitochondrial homeostasis,
was reduced after exposure to high glucose re-
sulting in observed renal cell apoptosis and
renal dysfunction.

Owing to the kidney’s participation in glu-
coneogenesis, insulin signaling and overall high
metabolic activity, the field of metabolomics
shows promise in assisting early novel identi-
fication of diabetic kidney disease through
biomarkers and related therapeutic interven-
tions. Investigation into the urine metabolome
of diabetic kidney disease has begun to explore
patterns of metabolism that might lend to
precise signatures of disease [71, 72]. Metabo-
lomics may provide important clues to better
understanding the pathogenesis of diabetic
kidney disease in addition to novel means to
monitor progression of established disease.
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Cardiovascular disease in diabetic
nephropathy: pathophysiology and

treatment

Martin Busch

Jena University Hospital, Jena, Germany

Key points

e Cardiovascular disease (CVD) is the leading cause
of mortality in diabetes.

e Chronic kidney disease (CKD) is an independent
cardiovascular risk factor.

e The multiple presence of conventional risk factors,
together with diabetes and CKD explains the excessive
risk for CVD in patients with diabetic nephropathy.

e Therapeutic strategies should focus on lowering
and treatment of classical risk factors (i.e., obesity,

dyslipidemia, arterial hypertension), treatment of
diabetes mellitus, and best-possible management of
CKD, especially in advanced CKD.

e Specific therapeutic efforts should consider the
pathophysiologic features of vascular disease in dia-
betic nephropathy, i.e., during the management of
coronary artery disease.

Cardiovascular disease (CVD) has a large impact
on the prognosis of patients with diabetes mel-
litus, especially when chronic kidney disease
(CKD) occurs. Atherosclerotic risk in diabetic
nephropathy is characterized by different risk
scenarios (Figure 7.1). First, diabetic patients
are susceptible to classical atherosclerotic risk
factors. Many of these risk factors (i.e., obesity,

hypertension, dyslipidemia, higher age) are to
be found in diabetic patients, often several
together. Around 50% of the additive cardio-
vascular (CV) risk in diabetes can be explained
by the presence of such risk factors. But, second,
diabetic patients undergo risk potentiation due
to diabetes mellitus itself. CVD is the leading
cause of mortality in diabetic patients, 75% die
from CV complications. Their risk for a primary
myocardial infarction is similar to non-diabetic
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Cardiovascular disease in diabetic nephropathy

Common CV risk

Diabetes mellitus

Arterial hypertension/
Left ventricular hypertrophy

Chronic kidney disease

Dyslipidemia

Enhanced dyslipidemia Smoking * Progressive hypertension
« Insulin resistance «  Obesity * RAAS activation
« Abnormal platelet function « Higher age «  Sodium retention
« Hyperglycemia « Male gender « Increased sympathetic activity
« Advanced glycation end » Genetic factors/family « Endothelial dysfunction

products/carbonyl stress history of CV events Proteinuri

) « Proteinuria

« Endothelial dysfunction » Absence of exercise . Advanced glycation end
« Diabetic microangiopathy * Menopause products/oxidative stress

« Diabetic neuropathy

« Diabetic foot
syndrome/inflammation

« Albuminuria

* Hypoglycemia

« Autonomic neuropathy
« Silentischemia

« Small vessel disease

* Asymmetric dimethylarginine
* Homocysteine

* Volume overload

.+ Mineral disorders/ potassium
* Renal anemia

« Left ventricular hypertrophy

' -+ Hyperphosphatemia

« Vitamin D deficiency

* Hyperparathyreoidism

» Vascular calcification

» Enhanced vascular stiffness
« Chronic inflammation

« Upregulation of proinflammatory
cytokines and growth factors

« Malnutrition
* Multiple biomarkers

Diabetic nephropathy and the burden of CV risk from different origin. Cardiovascular disease in the
general population and in diabetes mellitus leads to classical atherosclerotic plaque formation (left), whereas
chronic kidney disease is additionally associated with vascular calcification processes, mainly located in the media
(right). Adapted from Pasterkamp G, et al. [7] (left) and courtesy of Dr. Kerstin Amann, University of Erlangen

(right), with permission.

patients who have already experienced such an
event [1]. Typical macrovascular manifesta-
tions of diabetic vascular disease are coronary
artery disease (CAD), cerebrovascular disease,
and peripheral arterial disease (PAD). Accord-
ing to meta-analysis in 2010, diabetes confers
about a twofold excess risk for CAD, major
stroke subtypes, and other vascular deaths [2].
Compared with 1999-2000, the estimated 10-
year risk for developing CAD among people
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with diabetes in the USA was 22% lower by
2007-2008 indicating that efforts in improving
CV risk factors should further benefit the
health status of people with diabetes [3]. In
patients with diabetic nephropathy, vascular
disease will be complicated further by albu-
minuria and chronic kidney disease (CKD).
CKD of all kind results in CV risk potentiation
dependent on its stage (Table 7.1). Around
one-quarter of patients with type 2 diabetes
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Cardiovascular risk according to stages of
chronic kidney disease

Stage CV risk (odds ratio, univariate)

1 Depending on degree of proteinuria
2 1.5

3 2-4

4 4-10

5 10-50

ESRD 20-1000

The increase in risk compared with people free of
chronic kidney disease depends on the age of the
population studied: The younger the person, the
higher the relative risk. Microalbuminuria increases
the cardiovascular risk two- to fourfold.

Reproduced with permission from Schiffrin EL,
Lipman ML, Mann JF. Chronic kidney disease: effects
on the cardiovascular system. Circulation
2007;116:85-97.

develop microalbuminuria within 10 years of
the diagnosis of diabetes. With the diagnosis
of microalbuminuria, the risk of death rises
up to 3% annually, increasing further if
macroalbuminuria occurs (4.6% annually). If
plasma creatinine is elevated [including end-
stage renal disease (ESRD)], the risk of death is
estimated to be nearly 20% per year [4].

Based on the definition by the World Health
Organization (WHO), arteriosclerosis is a
combination of vascular changes of the
intima and media. The term atherosclerosis
emphasizes the intimal accumulation of lipids.
The endothelium plays a central role in patho-
genesis. The classical “reaction to injury”
hypothesis describes endothelial dysfunction
that is caused by atherosclerotic risk factors [5].

Endothelial dysfunction supports the inti-
mal deposition of lipoproteins, especially
low-density lipoprotein (LDL). Lipoproteins are

modified by reactive oxygen species. Endothe-
lial defects lead to the expression of adhesion
molecules, which attract monocytes, macro-
phages, T-cells, and mast cells. These cells
migrate to the intima, forming early plaque.
Immunocompetent cells in the plaque define
atherosclerosis as an inflammatory disease
[5, 6]. Macrophages incorporate LDL-bound
cholesterol esters and oxidized LDL via their
scavenger receptors. In lysosomes, LDLs are
cleaved into cholesterol and free fatty acids.
Cholesterol is re-esterified or bound to apoli-
poprotein E and high-density lipoprotein
(HDL) in the blood. HDL will be transported to
the liver. Esters are deposited in the cytoplasm
leading to foam cells, which are the subendothe-
lial lipid deposits of the early atherosclerotic
lesion [S]. Macrophages secrete interleukin (IL)-
1B and tumor necrosis factor (TNF)-o, which
attract leukocytes and activate vascular smooth
muscle cells (VSMCs) and fibroblasts. Throm-
bocytes are a further source of proinflammatory
mediators and growth factors (platelet-derived
growth factor). VSMCs and the collagen matrix
define the fibrous plaque [5]. In the plaque,
there is necrosis of foam cells, extracellular
deposition of lipids and cholesterol crystals,
detritus of cells, and secondary calcification
(see also Figure 7.1) [7]. Such plaque with vas-
cular stenosis is denoted as a complex lesion
[S]. Proinflammatory and proteolytic processes
reduce the stability of the plaque [6]. During
plaque rupture, prothrombotic materials such
as phospholipids, platelet adhesion factor, and
tissue factor (TF) are secreted. Local thrombosis
with occlusion of the vessel results in clinically
remarkable acute events [6]. Thus, activation
and aggregation of platelets play a major role.
Thromboxane A, derived from platelets stimu-
lates proagglutination and vasoconstriction.
Low doses of acetylsalicylic acid (aspirin)
reduce the cyclooxygenase-dependent produc-
tion of thromboxane A, in humans by 97-99%
[8]. Thienopyridines like clopidogrel are block-
ers of the platelet type 2 purinergic receptor.
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They inhibit the binding of adenosine diphos-
phate (ADP) to this receptor, which prevents
the activation of the glycoprotein (Gp) IIb-Illa
receptor and the subsequent binding of fibrino-
gen. Thus, the formation of stable platelet
aggregates is blocked. The direct inhibition
of the fibrinogen binding site by Gpllb-Illa
blockers like integrilin is also a therapeutic tool,
especially in acute coronary syndrome [8].

Diabetic vascular disease refers mostly to the
classical theory of atherosclerosis. Endothelial
dysfunction in diabetes is enhanced by insulin
resistance, dyslipidemia/free fatty acid libera-
tion, hyper-/hypoglycemia, disturbed platelet
function, decreased fibrinolysis/increased pro-
coagulation, or abnormalities in blood flow [9].
The involvement of small vessels and multiple
lesions and a multivessel disease are common,
even in younger patients.

Endothelial dysfunction

Endothelium-dependent nitric oxide (NO)-
mediated vascular relaxation is impaired in
diabetes. Hyperglycemia decreases the availa-
bility of endothelium-derived NO. The loss of
NO increases the activity of the proinflamma-
tory transcription factor nuclear factor kappa
B (NF-xB) promoting inflammation, cell migra-
tion into the intima, and foam cell formation
[9]. NO balance is defined by its production
from endothelial NO synthase (eNOS) and its
degradation or inactivation, particularly by
oxygen-derived free radicals. Hyperglycemia
may induce such oxidative stress. In CKD,
endothelial dysfunction exists too. Whether
albuminuria is an expression of generalized
endothelial and vascular dysfunction rather
than a genuine source of further vascular com-
plications remains controversial. Nevertheless,
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albuminuria is correlated with endothelial
dysfunction [10]. It increases the relative risk
for total and CV mortality as well as for renal
end points [11].

Insulin resistance

Insulin resistance is a typical sign of type 2
diabetes. Primarily, the accumulation of vis-
ceral fat is accompanied by insulin resistance
and disturbed lipid metabolism. Insulin resist-
ance is associated with elevations in free fatty
acid levels [9]. The production of vasoconstric-
tors such as prostanoids and endothelin is
increased. Endothelin promotes inflammation
and causes VSMC growth. Endothelin-1
concentration in plasma increases after admin-
istration of insulin. Drugs that increase insulin
sensitivity improve vasodilation. Diabetes
enhances the migration of VSMC into athero-
sclerotic lesions. Apoptosis of VSMC in the
plaque is increased, influencing the propensity
for plaque rupture. Elevated protein kinase C
(PKC) activity, NF-xB production, and genera-
tion of free radicals have also been described
for VSMC in diabetes [9].

Hyperglycemia/hypoglycemia

Before the diagnosis of diabetes mellitus,
abnormal glucose tolerance is a strong predic-
tor of CV complications and death [12]. Hyper-
glycemia and glucose fluctuations are closely
associated with oxidative stress generation
and inflammation [13]. Inflammation leads to
enhanced insulin resistance and j-cell dysfunc-
tion. Acute hyperglycemia rapidly attenuated
endothelium-derived vasodilation and reduced
myocardial perfusion. Hyperglycemia is a risk
factor for micro- and macrovascular complica-
tion and all-cause mortality [12]. Hypoglyc-
emia is also associated with adverse clinical
outcomes, including vascular events and death
in patients with type 2 diabetes. However, the
presence of severe hypoglycemia may repre-
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sent the patient’s status (i.e., for multimorbid-
ity) and should raise clinical suspicion of the
patient’s susceptibility to adverse outcomes
[14]. A higher risk for hypoglycemia in patients
with albuminuria/CKD or neuropathy should
be considered [15].

Dyslipidemia

Levels of circulating free fatty acids are elevated
in diabetes because of excess liberation from
adipose tissue and decreased uptake in muscles.
Free fatty acids and glucose activate PKC,
which contributes to superoxide generation.
Elevated free fatty acids lead to an increase in
very low-density lipoprotein (VLDL) produc-
tion and cholesteryl ester synthesis in the liver.
These triglyceride-rich proteins and the dimin-
ished clearance by lipoprotein-lipase result in
elevated triglycerides as observed in diabetes.
Elevated triglycerides contribute to lower HDL
levels. Moreover, LDL morphology is changed:
increasing the amount of small, dense LDL
contributes to atherogenesis [9]. Dyslipidemia
in CKD is evident as well. Increased VLDL,
prolonged persistence of postprandial chylom-
icron remnants, accumulation of small dense
LDL, modification of apolipoproteins by glyca-
tion or oxidation, elevated lipoprotein (a), or
accumulation of non-cardioprotective acute-
phase HDL have been described [16].

Platelet function

Platelet function in diabetes mellitus is abnor-
mal. Platelets are involved in thrombus forma-
tion [8]. Prostacyclin and NO derived from the
endothelium inhibit platelet activation and
relax VSMC. However, patients with diabetes
have reduced release of prostacyclin and NO
from the endothelium and the platelets as
well. Moreover, the release of thromboxane A,
from platelets is increased, and adhesion mol-
ecules are highly expressed. Thus, platelet
turnover and platelet aggregation are acceler-

ated in diabetes. Enhanced fibrinogen-binding
is caused by increased expression of Gpllb-Illa
[17]. Based on the predominating role of plate-
let activation in diabetic CVD, prevention
strategies with aspirin or thienopyridines are
recommended.

Another factor influencing diabetic CVD is
impaired fibrinolytic balance, which is caused
by an increase in plasma coagulation factors
and lesion-based coagulants and a decrease in
endogenous anticoagulants [9]. In type 2 dia-
betes, levels of plasminogen activator inhibitor
(PAI) are increased and associated with impair-
ment of fibrinolytic activity.

Advanced glycation end products

Since the discovery of glycosylated hemoglobin
(HbAlc) in the blood of diabetic patients,
advanced glycation end products (AGEs) have
become a topic of growing interest. Formed
during complex pathways, AGEs are chemical
modifications of proteins, lipids, peptides,
aminoacids,andnucleicacids by carbohydrates/
reducing sugars, including reactive carbonyl
compounds (RCOs) as metabolic intermedi-
ates. AGEs are present as residues in plasma
proteins such as albumin, free in plasma,
and in peptide fragments of proteins enriched
with AGEs [18]. AGEs are formed during aging
as a physiological process. They accumulate in
chronic diseases such as diabetes mellitus,
atherosclerosis, Alzheimer’s disease, and CKD.
AGEs like N*-carboxymethyllysine (CML) and
pentosidine are formed by combined non-
enzymatic glycation and oxidation. Although
the role of oxidative stress in diabetes mellitus
remains controversial, CKD increases oxidative
stress, especially in ESRD. Moreover, RCO
clearance is impaired. AGEs are related to a
decrease in the glomerular filtration rate (GFR).
AGEs in plasma are significantly increased in
CKD compared to healthy controls. Detoxifi-
cation of AGEs during dialysis treatment is
limited [18, 19].
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AGEs elicit receptor-mediated effects. The
most well-known is the receptor for AGEs
(RAGE). Physiological expression of RAGE has
been detected in endothelial cells, VSMC,
mononuclear cells, and macrophages. RAGE-
ligand interaction results in the release of inter-
leukins and TNF-a leading to the activation of
NF-xB and generation of reactive oxygen
species. Endothelial RAGE is considered to
serve as a link between AGE accumulation and
endothelial dysfunction. AGEs are found in
atherosclerotic plaques [18].

Although the AGE concept is meaning-
ful, clinical data showing an association of
increased AGEs with CV end points are scarce.
AGE protein residues in plasma such as CML
and pentosidine were not an independent CV
or renal risk factor [18, 19]. However, AGEs in
plasma are affected by fluctuations, i.e., from
nutritional sources, whereas tissue accumula-
tion serves as a long-term memory of AGE for-
mation [18]. The formation of AGEs can be
prevented or AGEs may be broken down by
certain drugs. Nevertheless, these principles
have not culminated in market-ready drugs
until now. Experimental AGE-inhibiting prop-
erties of angiotensin-converting enzyme (ACE)
inhibitors or angiotensin II type 1 receptor
blockers (ARBs) could not be confirmed in
patients with type 2 diabetic nephropathy [18].

Asymmetric dimethylarginine

Asymmetric dimethylarginine (ADMA) is a
competitive inhibitor of eNOS and therefore
may be involved in disturbed NO generation
and endothelial dysfunction [9, 20]. Moreover,
ADMA may block the entry of L-arginine into
the cells, with a resulting decrease in synthesis
of NO [20]. ADMA is derived from proteins
which contain arginine residues. These resi-
dues are methylated by the enzyme protein
arginine methyltransferase (PRMT) type I and
released as the proteins are hydrolyzed. PRMT
type II forms symmetric dimethylarginine
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(SDMA), which is a stereoisomer of ADMA and
not an inhibitor of NOS. ADMA is metabolized
mainly by dimethylarginine dimethylamino-
hydrolase (DDAH), only a small amount is
cleared by the kidney [20]. SDMA is completely
eliminated renally. Oxidative stress may
increase the concentration of ADMA by inter-
acting as it degrades. The concentration of
both dimethylarginines is increased in CKD,
with that of SDMA being more pronounced.
DDAH is also expressed in the kidney. Thus,
it is unclear whether an increase in ADMA
is caused by a reduction in GFR or a lower
metabolization rate. Systemic administration
of ADMA leads to a rapid lowering in cardiac
output and an increase in systemic vascular
resistance. Data from patients with CKD
suggest that ADMA is an independent marker
for vascular complications, death, and renal
outcome [20].

C-reactive protein

Atherosclerosis is an inflammatory disease [5, 6].
During acute coronary syndrome (ACS), con-
centration of cytokines is increased. Because of
this, acute-phase proteins like C-reactive
protein (CRP) are increasingly produced in the
liver. CRP is said to reflect the vulnerability of
atherosclerotic lesions or the probability of
plaque rupture [S]. Moreover, CRP contributes
to the progression of atherosclerosis via several
mechanisms, i.e., foam cell formation. High
sensitivity CRP was investigated as a CV risk
factor in the general population as well as
in diabetes and CKD. CKD is a chronic inflam-
matory state due to increased oxidative stress,
chronic infections, and comorbidities. In ESRD,
the extracorporal blood flow as well as the bio-
compatibility of the dialyzers and the purity of
the dialysate have an additional impact [10].
CRP is a predictor of total and CV mortality in
CKD patients. In CKD, the determination of
standard CRP seems to be adequate for risk
stratification and has been recommended [19].
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Lowering of CRP by aspirin was disappointing.
In the general population, treatment with
statins lowered CRP and prevented vascular
events independently of lipid lowering [21],
whereas treatment with rosuvastatin 10mg
daily versus placebo in dialysis patients (28%
with diabetes, 40% with CVD) did not result
in CV risk reduction [22]. Thus, statin therapy
for CRP-lowering in CKD cannot be recom-
mended as yet.

Homocysteine

Elevated total homocysteine (Hcy) is another
but moderate cofactor linked with CVD. Hcy
acts pro-oxidatively by the generation of
hydrogen peroxide and free radicals. A defi-
ciency in vitamins B6, B12, and folic acid causes
hyperhomocysteinemia in healthy people, and
mutations of enzymes which are involved in
Hcy metabolism, i.e. methylenetetrahydro-
folate reductase (MTHFR) [23]. Serum concen-
tration of total Hcy (tHcy) is increased in CKD,
especially in ESRD [19]. The lowering of tHcy
by vitamin supplementation did not reduce
CV end points in the general population or in
CV risk populations [23]. Nevertheless, loss of
water-soluble vitamins is evident in chronic
hemodialysis patients. Thus, multivitamin
supplementation (i.e., B12, B6, folic acid), at
least after each hemodialysis session, is recom-
mended and has Hcy-lowering properties. A
further increase in the intake of folic acid,
vitamin B12, and vitamin B6 did not reduce
total mortality and CV events [24]. Owing to
meta-analysis, folic acid therapy can reduce CV
risk in patients with ESRD or advanced CKD by
15% [25].

Renin-angiotensin
system/hypertension

The impact of hypertension for vascular disease
in diabetes and CKD is enhanced by the
role of the renin-angiotensin-aldosterone

system (RAAS). Progression of CKD leads to the
stimulation of RAAS. Increased blood pressure
harms the endothelium. Angiotensin II (Ang
IT) stimulates NAD(P)H contributing to oxida-
tive stress. Moreover, Ang II is associated with
upregulation of several cytokines, inflamma-
tory mediators, chemokines, or adhesion mol-
ecules promoting endothelial dysfunction and
vascular remodeling [10]. Sodium retention
and sympathetic nervous system activation
contribute to the elevation of blood pressure
as well. Plasma catecholamine concentrations
are elevated in CKD. Hypertension and hor-
monal mechanisms play a pivotal role in
the induction of left ventricular hypertrophy
(LVH), which is a strong predictor of mortality
in the early stages of CKD [26].

Vascular calcification

In CKD, besides atherosclerotic wvascular
damage, vascular calcification occurs. In dia-
betes, calcification is noted too. Vascular cal-
cification is closely related to CKD-associated
bone and mineral disorders (CKD-MBD). It is
denoted by sclerosis and calcification of the
media in elastic arteries and arterioles [27].
Plaque formation is not so typical for CKD-
related vascular disease as for conventional
atherosclerosis (see Figure 7.1). Calcification
of intimal lesions is also augmented [27]. Cal-
cification of the media leads to increased
vascular stiffness along with increased systolic
and decreased diastolic blood pressure values
(increased pulse pressure), further progression
of left ventricular hypertrophy, and reduced
coronary perfusion. Bone matrix proteins were
found in calcified vessels. Osteogenetic differ-
entiation of VSMC into osteoblast-like cells
is a key mechanism of calcification. These
cells generate a collagen extracellular matrix
in which minerals, e.g., calcium and phos-
phate, are deposited. This process is enhanced
by hyperphosphatemia [28]. Calcification is
inhibited in vivo. However, there is a deficiency
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of calcification inhibitors during CKD. Func-
tional vitamin K deficiency is said to be causa-
tive. Several inhibitors of calcification are
activated vitamin K dependent [28]. There-
fore, it has been recommended to circumvent
treatment with vitamin K antagonists as oral
anticoagulants in ESRD [29]. In this regard,
antithrombotic agents like oral thrombin- or
factor Xa inhibitors might offer new therapeu-
tic horizons. Fetuin-A (02-Schmid Heremans
glycoprotein), a transporter of y-carboxylated
matrix Gla protein (MGP), is an inhibitor of
calcification. Low serum fetuin-A and MGP
levels are associated with vascular calcification
[10]. Calcification is inversely correlated with
bone mineral density [28]. Besides secondary
hyperparathyreoidism, vitamin D deficiency
and hyperphosphatemia, several other factors
(i.e., osteoprotegerin, bone morphogenetic
protein and its receptor, pyrophosphate,
and leptin) are closely related to vascular
calcification in CKD [10]. Poor vitamin D
status indicates an increased CV risk, since
vitamin D has antihypertrophic, antiathero-
sclerotic, antihypertensive, renoprotective, anti-
inflammatory, antioxidative, and antidiabetic
effects [30].

By the 1960s, using the Framingham risk score,
patients who exhibited certain risk factors
for CVD could be identified. These factors
were higher age, male gender, higher systolic
blood pressure, dyslipidemia, diabetes melli-
tus, smoking and an ECG showing left ven-
tricular hypertrophy. These factors are called
“classical risk factors.” Nowadays, also genetic
predisposition (i.e., any familial history for CV
events), heavy alcohol consumption, lifestyle
factors, like absence of motion or sedentary
living, obesity and associated insulin resist-
ance, or early menopause in women are con-
sidered to be risk markers. Diabetes mellitus
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and CKD go along with the presence of multi-
ple conventional risk factors. Some of these
risk factors can be influenced by a change of
lifestyle or treatment issues, others not.

Aspirin use

Pre-existing CVD is a strong predictor for
future CV events defining the difference between
primary and secondary prevention strategies.
In secondary prevention, risk markers should
be monitored and treated more stringently.
Type 2 diabetes is a CAD risk equivalent.
Hence, the presence of diabetes permits a sec-
ondary prevention concept. Regarding an-
tiplatelet agents, a 2010 ACC/ADA/AHA Joint
Scientific Statement recommends low-dose
aspirin (75-162mg/day) for men over age 50
years and women over 60 years with diabetes
who have one or more additional risk factors
(such as family history of coronary heart
disease, smoking, hypertension, microalbu-
minuria or higher stages of CKD, dyslipidemia).
In the remaining patients, the potential adverse
effects from gastrointestinal bleeding offsets
potential benefits of treatment [31]. Low-dose
aspirin is strongly recommended for all pa-
tients who have previously experienced coro-
nary heart disease, stroke, or suffer from
chronic forms of large-vessel disease, including
peripheral arterial occlusive disease [17]. Low-
dose aspirin appears to be associated with an
absolute risk of hemorrhagic stroke of one per
10000 people annually [31]. In primary pre-
vention, a 15% additional CV risk reduction
over that seen with antihypertensive treatment
has been shown. The secondary prevention
strategy results in a reduction in the incidence
of vascular events of around 20% [17]. In hy-
pertensive patients with CKD (estimated GFR
<60mL/min), the use of low-dose aspirin was
also successful for primary prevention [32].
This may further support aspirin therapy, even
if nephropathy occurs. The risk for bleeding is
moderately increased.
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Lipid lowering

Increased LDL or decreased HDL is considered
to indicate dyslipidemia. In type 2 diabetes,
dyslipidemia is characterized by elevated trig-
lycerides and low HDL [33]. In several trials,
the effects of LDL lowering were mostly studied.
By meta-analysis of 14 randomized trials with
a total of 90056 patients (21% diabetes, 62%
with previous vascular disease), it was shown
that lowering LDL reduced the 5-year incidence
of coronary events, coronary revascularization,
or stroke by about one-fifth per mmol/L reduc-
tion in LDL cholesterol [34]. Lipid-lowering
drugs are recommended for primary and of
course for secondary prevention in all patients
having diabetes [35]. The use of statins in
patients with diabetic nephropathy is discussed
in depth in Chapter 8. The impact of fibric acid
derivatives, such as peroxisome proliferator-
activated receptor-o. agonists, which raise HDL
and lower triglycerides seems to be low in the
light of statin treatment. In type 2 diabetes,
there was no significant CV risk reduction in
treatment with fenofibrate versus placebo [36].
In the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) lipid trial, the combina-
tion of simvastatin and fenofibrate was not
better than simvastatin alone [37]. Niacin,
another drug which increases HDL cholesterol
and lowers triglycerides, can be considered
at most as a second-line agent because of a
variety of adverse effects [33]. Both substances,
fibrate and niacin, should be monitored very
careful, especially in CKD. In ESRD, lower cho-
lesterol concentrations may be associated with
a higher mortality as a result of malnutrition
and chronic inflammation [38].

Antihypertensive treatment

Repeat measurement of systolic blood pressure
>140mmHg and/or a diastolic blood pressure
of 290 mmHg confirms the diagnosis of arterial
hypertension. In the general population, low-

ering of blood pressure to 115/75mmHg is
nearly linearly associated with reduced total
and CV mortality [39]. The effect is detectable
until old age (80-89 years). Patients with diabe-
tes mellitus and patients having proteinuria
profit from treatment with ACE inhibitors or
ARBs. The ACE inhibitor perindopril (4mg
per day) together with the diuretic indapa-
mide (1.25mg per day) reduced the risk of
major vascular events, including death, in
patients with type 2 diabetes mellitus (26%
with microalbuminuria) [40]. Renal protection
by different antihypertensive strategies leads
to a further CV risk reduction (see Chapter
15). After myocardial infarction, treatment
with beta-blockers in combination with ACE
inhibitors or ARBs is recommended, including
patients with diabetes [41]. Beta-blockade in
diabetes mellitus is safe. For blood pressure
targets, there is a J-shaped curve. In type 2 dia-
betics at high risk for CV events, a systolic
blood pressure target of less than 120mmHg,
compared with less than 140mmHg, did not
reduce the rate of fatal and non-fatal major CV
events with the exception of stroke [42]. Thus,
patients with type 2 diabetes should be treated
for hypertension when their blood pressure is
above 140 and/or 90mmHg, aiming at a systo-
lic BP well below this threshold but not below
120mmHg [43]. Blood pressure therapy com-
prises dietary sodium restriction to no more
than 2-3 g daily, only moderate alcohol intake,
regular exercise, and weight loss in those with
a body mass index >25kg/m? (Table 7.2). Blood
pressure should be monitored closely and
home blood pressure measurements are recom-
mended. Different treatment strategies are dis-
cussed in Chapter 15.

Management of diabetes in the face
of vascular disease

Hyperglycemia is one marker for CV risk po-
tentiation in diabetes. HbAlc reflects changes
in glycemic control status over the previous 1-2
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Management of cardiovascular risk factors in advanced chronic kidney disease (GFR <60 mL/min)

Factor

Follow-up

Diet

Smoking
Exercise/weight
Hypertension
Proteinuria

Diabetes mellitus

Dyslipidemia

Aspirin

Anemia

CKD-MBD

Suggested activities

Estimation of GFR every 1-6 months, depends on progression, patients should be
referred to a nephrologist

Sodium chloride restriction, at least <6 g/day, better <3 g/day

Smoking cessation whenever possible

30-60min moderate daily exercise, maintain BMI <25kg/m?, waist circumference
<102cm (men), <88cm (women)

Target blood pressure <130/80 mmHg, treat with an ACE inhibitor or ARB, in
addition with a loop diuretic, a beta-blocker, or a calcium channel blocker, or
some combination

Try to gain proteinuria <1 g/day, treat with an ACE inhibitor or ARB

Target HbA1c level <7% and fasting glucose between 5.0-8.9 mmol/L, avoid
hypoglycemia

Statin therapy is recommended in all patients,

targets for LDL cholesterol should follow

guidelines for the general population

Low-dose aspirin (75-100mg daily) is recommended in patients with age >50 years
if CV risk is high and if there is no contraindication to aspirin, add PPl if needed

Iron supplementation is recommended, vitamin B12 and folic acid supplementation
if needed, if Hb-target is not achieved, add ESA to gain a Hb level of 11-12g/dL
(6.8-7.5mmol/L)

Maintain serum phosphorus in the normal range, supplement vitamin D if
25-hydroxyvitamin D levels fall <30ng/mL, avoid hypercalcemia, if parathyroid
hormone is still increased above twice the upper reference limit, consider
treatment with active vitamin D, vitamin D analogues, or calcimimetics following
current guidelines [52]

GFR, glomerular filtration rate; BMI, body-mass index; ACE, angiotensin converting enzyme; ARB, angiotensin
Il type 1-receptor blocker; LDL, low-density lipoprotein; Hb, hemoglobin; ESA, erythropoiesis-stimulating
agents; HbA1c, glycosylated hemoglobin; PPI, proton pump inhibitor; CKD-MBD, chronic kidney disease-
related mineral bone disorders.

Adapted from Abboud H, Henrich WL. Clinical practice. Stage IV chronic kidney disease. N Engl J Med 2010;

362:56-65.

months. Since hypoglycemia also influences
HbA1lc levels, the quality of glucose-lowering
treatment cannot be monitored by measuring
HbAlc alone. Meta-analysis has shown that
there is an increment in CV risk of around 18%
per increase of 1 unit (%) HbAlc [44]. Intensive
glycemic control resulted in a 15% reduction
in events of coronary heart disease but had no
significant effect on stroke or all-cause mortal-
ity [45]. In the ACCORD trial, the intensive
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glucose-lowering approach (HbA1lc 6.4% versus
7.5% in standard therapy) increased mortality
and did not reduce major CV events. Moreover,
it led to higher rates of hypoglycemia, weight
gain, and fluid retention [15]. The risk of severe
hypoglycemia is doubled during intensive
treatment. Thus, a clinical approach might be
to reduce HbA1lc concentration steadily and to
avoid severe hypoglycemia [45]. The American
Diabetes Association recommends an HbAlc
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goal of <7%. Less stringent HbA1c goals may be
appropriate for patients with a history of severe
hypoglycemia, limited life expectancy, ad-
vanced microvascular or macrovascular com-
plications, or extensive comorbid conditions
including longstanding diabetes [46]. Whether
several oral or insulin therapies influence CV
risk to a greater extent is questionable, since
clinical intervention studies have focused
mainly on glycemic control. Therapy with
insulin, the sulfonylureas, and the thiazolidin-
ediones is associated with weight gain, whereas
metformin and the dipeptidyl-peptidase-4 in-
hibitors are considered weight neutral [47]. See
also Chapters 13 and 14.

The challenge of nephropathy

In 2009, diabetes mellitus was the leading
cause, by nearly 40%, for ESRD in the USA [48].
CV risk starts to increase early in CKD; patients
with microalbuminuria are also affected [26]
(Table 7.1). In ESRD, CV mortality is responsi-
ble for up to 45% of total mortality [49]. In
CKD, conventional risk factors should be
treated as described above. However, mortality
in CKD often cannot be attributed to classical
atherothrombotic events but rather to progres-
sive congestive heart failure, sudden out of hos-
pital death, lung edema, cardiac arrhythmias,
or inflammatory complications [48]. In ESRD,
sudden cardiac death is responsible for up to
62% of CV and around one-quarter of total
mortality [48, 49]. Table 7.2 shows risk factors
and consequences arising from CKD which
should be considered during the care of patients
with advanced CKD [50] (Figure 7.1). In addi-
tion, signs of progressive inflammation, mal-
nutrition, or vascular disease should be noted
and prompt diagnostic and therapeutic action
carried out. The time point when renal replace-
ment therapy needs to be initiated should be
set very carefully. The K/DOQI and the upcom-
ing K/DIGO guidelines give distinct recommen-
dations for the management of patients with

CKD. Regarding treatment of renal anemia
with erythropoiesis-stimulating agents (ESAs),
reaching normal hemoglobin (Hb) levels did
not result in better survival. Hence, therapy
with ESA should not start until Hb falls below
10g/dL. The Hb target level is 11-12g/dL
at a maximum; values above 13 g/dL should be
avoided [51].

In the case of vitamin D deficiency, native
vitamin D should be supplemented with a
target 25-OH-vitamin D concentration of
>30ng/mL [52]. Hyperphosphatemia is another
CV risk factor supporting calcification and
endothelial damage [28]. In CKD, phosphate
levels should be kept within the normal range
by dietary measures and treatment with phos-
phate binders [52]. The use of calcium-free
phosphate binders may be associated with
better outcome, especially in patients with
proven calcification [52]. These issues and the
treatment of secondary hyperparathyreoidism
will be discussed in Chapter 16. Metabolic
acidosis in advanced CKD should also prompt
therapeutic efforts. A serum bicarbonate
concentration of 222 mmol/L is recommended.
In order to minimize CV risk of patients with
ESRD, renal transplantation should be consid-
ered whenever possible.

Coronary artery disease

CAD is accelerated in diabetes mellitus and
CKD. Patients with known CAD and diabetes
had a 75% rate of death over 10 years; up to
50% die 5 years after a myocardial infarction
(MI) [33]. CAD in diabetes is often a silent
disease without typical symptoms of angina
pectoris. Symptoms of heart failure like dys-
pnea and physical stress insufficiency may
occur alone. In cases suspicious for CAD, the
diagnosis can be proven by the use of cardiac
stress tests (i.e., ergometry, stress echocardiog-
raphy, or myocardial perfusion scintigraphy).
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If the diagnostic tests are positive, coronary
angiography should be undertaken to assure
the diagnosis and severity of CAD. Even if
stress tests are negative, one cannot totally
exclude relevant CAD, especially in diabetic
patients with ESRD. Thus, diabetic patients eli-
gible for renal transplantation should undergo
pretransplant coronary angiography inde-
pendently of age.

Based on diagnostic findings, the question
needs to be answered whether intensive medi-
cal therapy is adequate (i.e., in the case of coro-
nary sclerosis without relevant stenosis) or
whether coronary revascularization is neces-
sary. For revascularization, percutaneous coro-
nary intervention (PCI) or coronary artery
bypass grafting (CABG) are possible. There are
two different conditions: treatment of chronic,
symptomatic, or asymptomatic CAD without
acute coronary syndrome (ACS) and treatment
of ST segment elevation MI (STEMI), non-
STEMI (NSTEMI), or unstable angina (UA)
within ACS. In the last group, revascularization
should be implemented to reduce morbidity
and mortality [53]. Diabetic patients with ACS
benefit from primary PCI. In selected cases
with UA, or NSTEMI, revascularization can
be carried out more deliberately if there is a
prompt response to medical therapy, but angi-
ographic assessment should be undertaken
within 24 hours [53]. Patients with chronic
CAD benefit from revascularization by CABG.
However, advances in PCI techniques (i.e.,
drug-eluting stents) have made PCI a good
alternative dependent on the extent of the
disease. Mortality after PCI is comparable with
that after CABG. However, the need for future
revascularization procedures is greater after PCI
[53]. Decision-making about the optimal treat-
ment should be made by an interdisciplinary
team consisting of cardiologists and cardiac
surgeons. The individual perioperative risk, the
future risk for major adverse cardiac events and
a higher rate of cerebrovascular events in
CABG should be taken into account. Patients
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with ACS should be controlled stringently to
prevent hyper- and hypoglycemia [53].

Cerebrovascular disease

Similar to CAD, the risk for a cerebrovascular
disease in diabetics is more than double that
of non-diabetics. Diabetes and hyperglycemia
predicted the future risk of ischemic stroke but
not hemorrhagic stroke [54]. Efforts for the
modulation of CV risk include the prevention
of cerebrovascular disease too. Current guide-
lines advise lowering of blood glucose after
stroke but disagree on the threshold or treat-
ment targets. However, if glucose should be
lowered, the prevention of hypoglycemia is
important and requires strict monitoring. In
patients with CKD at risk for vascular calcifica-
tion, macrovascular changes like carotid steno-
sis should be considered as a source of cerebral
embolism.

Peripheral arterial disease

Patients with diabetic nephropathy are at high
risk for peripheral arterial disease (PAD). Ten
years after the diagnosis of diabetes, the cu-
mulative incidence of PAD was 15%, which
had increased to 45% 20 years later [55].
Patients with PAD may be asymptomatic or
may develop intermittent claudication or criti-
cal limb ischemia. Patients with PAD should be
screened for CAD, since PAD predicts CAD.
Diabetic PAD often affects distal limb vessel,
such as the tibial and peroneal arteries. The
potential for collateralization is limited [33].
In particular, vascular calcification worsens
the options for revascularization. PAD should
imply a consequent management of risk factors.
In dialysis patients, a previous diagnosis of
PAD, elevated serum phosphorus levels, and
mean systolic blood pressure were the predic-
tors of amputation within 2 years [56]. If distal
ulcers are found, there is often uncertainty
about the distinction between micro- or mac-
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rovascular disease. When there is doubt, angi-
ographic screening is recommended. Patients
with disabling claudication and those with
critical limb ischemia (often diagnosed when
ulcers or persistent foot infection occur) should
undergo revascularization if treatable lesions
are found. The decision about endovascular or
open surgery depends on the severity and the
localization of the lesions. Percutaneous iliac
interventions in diabetic patients have been
reported as similar to those in non-diabetic
patients [57]. Nevertheless, the rate of foot or
limb loss is high in diabetic patients, especially
in those having diabetic nephropathy. Ampu-
tation rates following revascularization are
much higher [57]. Mostly, non-healing ulcers,
persistent foot infection, or necrosis oblige to
the amputation. Additional microvascular
changes are often jointly responsible for such
an outcome.

Microvascular complications

Besides diabetic nephropathy, diabetic retin-
opathy and diabetic foot syndrome (DFS) are
microvascular complications. In observational
study, there was a strong association between
the stage of CKD and DFS [58]. Diabetics with
DFS undergo a higher rate of amputation.
Besides screening for retino- and nephropathy,
diabetic patients with CKD should be regularly
screened for the presence of DES aiming at the
prevention of amputations [58]. Congestive
heart failure in the absence of visible coronary
heart disease can also be attributed to cardiac
small-vessel disease as a microvascular compli-
cation (besides the possibility of hypertensive
heart disease). Cognitive decline and its pro-
gression to vascular dementia results from
microvascular disease and carotid stenosis.
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Statin therapy in patients with
diabetic nephropathy
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Key points

e Meta-analyses have proven the principle that
the relative risk reduction achieved by a certain
absolute reduction in low-density lipoprotein (LDL)
cholesterol is uniform independent of baseline LDL
cholesterol values.

e Therapy with statins reduces risk of major athero-
sclerotic events, at least in the early stages in patients
with diabetic nephropathy.

¢ In contrast, in later stages of the disease, two pro-
spective, randomized, placebo-controlled trials in

patients undergoing hemodialysis did not show a
significant benefit of statins.

e Some of the early benefits of statins may be
independent of their LDL-lowering effects and
due to pleiotropic mechanisms (e.g., reduction in
inflammation).

e By these mechanisms, statins may even slow the
progression of diabetic nephropathy, as has been
shown in certain trails.

Diabetes mellitus and chronic kidney disease
(CKD) commonly occur together, and both are
associated with an increased risk of vascular
disease [1]. Cardiovascular events are a fre-
quent cause of morbidity and mortality in this
population. Both conditions are characterized
by dyslipidemia, with raised levels of trig-
lycerides and reduced levels of high-density

lipoprotein (HDL) cholesterol but relatively
preserved levels of LDL cholesterol. These lipid
abnormalities seem particularly suited to being
treated with fibric acid derivatives, which alter
levels of triglycerides and HDL cholesterol more
than they do levels of LDL cholesterol, the
main target of statins. However statins have
been investigated widely and lowering
LDL cholesterol with statin-based therapies
reduces risk of major atherosclerotic events, in
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patients with CKD including those with diabe-
tes [2, 3].

Patients receiving hemodialysis for chronic
renal failure are at increased risk of cardiovas-
cular events [4] as well. Previous studies in
different patient populations showed that low-
ering LDL cholesterol with statin therapy
reduces the incidence rate of cardiovascular
events, with a greater benefit achieved in
persons at high or very high risk. Although in
earlier stages of CKD or in renal transplant
recipients cholesterol lowering appears effec-
tive, this does not seem to be the case in later
stages, such as in patients on dialysis. Two pro-
spective, randomized, placebo-controlled trials
in patients undergoing hemodialysis did not
show a significant benefit of statins [5, 6]. In
2778 participants of the AURORA study (A
Study to Evaluate the Use of Rosuvastatin in
Subjects on Regular Hemodialysis: An Assess-
ment of Survival and Cardiovascular Events),
the administration of rosuvastatin (10mg per
day) during a median follow-up of 3.8 years did
not reduce the primary end point of combined
cardiovascular events. Similarly, in the 4D
study (Die Deutsche Diabetes Dialyse Study),
despite effective lowering of LDL cholesterol
(38mg/dL, 0.9mmol/L, 42%), atorvastatin did
not improve the incidence rate of the primary
end point in 1255 hemodialysis patients with
type 2 diabetes mellitus [5].

So-called atherogenic dyslipidemia is charac-
terized by elevated triglycerides (TGs) and low
HDL cholesterol, which are also predictors for
cardiovascular disease (CVD), independent of
LDL cholesterol. The Prospective Cardiovascu-
lar Miinster (PROCAM) study assessed the non-
LDL cholesterol-related dyslipidemia risk of
myocardial infarction (MI) in 823 men with a
first MI compared with 823 MI-free controls
matched for sex, age, smoking, diabetes mel-
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litus, blood pressure, and LDL cholesterol.
Overall, the odds of MI in men with low
HDL cholesterol (<1.15mmol/L) were 2.6 times
those of men with high HDL cholesterol
(>1.15mmol/L), and the odds of MI in men
with high TGs (= 1.71mmol/L) were 1.4 times
those of men with lower TG. If LDL cholesterol
was <2.58 mmol/L, relative MI odds attributed
to low HDL cholesterol increased to 3.4,
whereas relative odds attributed to high TG
increased to 2.6; men in this LDL category with
low HDL cholesterol and/or high TG displayed
an MI odds ratio of 5.0. MI risk associated with
low HDL cholesterol and/or high TGs is
substantial, particularly if LDL cholesterol is
low [7].

In a recent meta-analysis of 29 prospective
studies including 262525 subjects of whom
10158 were coronary heart disease (CHD)
cases, the OR for coronary risk was 1.72 (95%
CI 1.56-1.90) when individuals in the highest
TG tertile were compared with those in the
lowest tertile of usual log-TG values (corre-
sponding to >178 versus <115mg/dL), adjusted
for major conventional CV risk factors includ-
ing age, sex, smoking history, LDL cholesterol,
and blood pressure [8].

Atherogenic dyslipidemia is also implicated in
the pathogenesis of diabetic microvascular
disease [9]. Elevated levels of TGs and TG-rich
very low-density lipoprotein also appear to be
closely involved in driving the progression of
albuminuria [10]. In the United Kingdom Pro-
spective Diabetes Study (UKPDS), elevated TGs
were independently associated with incident
microalbuminuria (HR 1.13, 95% CI 1.07-1.19,
p <0.0001) and macroalbuminuria (1.19, 95%
CI 1.11-1.27, p < 0.0001) [11]. These data add
to other findings that hypertriglyceridemia was
a predictive factor for the development and
progression of renal complications [12] and the
need for future renal replacement therapy [13,
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14]. Individuals with diabetes and without
nephropathy have higher HDL cholesterol
levels than those with nephropathy, suggesting
the possibility that higher HDL cholesterol
levels may be protective against the develop-
ment of albuminuria [15-17].

A body of evidence supports the benefits of
statin therapy in reducing the rate of decline
in renal function. Meta-analysis of 27 studies
involving 39704 subjects showed that statin
treatment significantly reduced the rate of
decline in estimated glomerular filtration rate
(eGFR) [1.22 (95% CI 0.44-2.00) mL/min/1.73 m*
per year slower than with placebo, p = 0.002],
equivalent to approximately 76% reduction
[18]. Evidence from large prospective studies
suggests that statins may reduce the rate of
kidney function loss in subjects with or at risk
of CVD. In the HPS (Heart Protection Study),
treatment with simvastatin (40mg/day) was
associated with a significantly smaller decline
in the eGFR in patients at high risk of CVD
(p = 0.0003), and this effect was more marked
among patients with diabetes [19]. The GREek
Atorvastatin and Coronary heart disease Evalu-
ation (GREACE) study also showed a modest
improvement (12%) in kidney function over 4
years in 800 patients treated with atorvastatin,
compared with a decrease by 4% in placebo
patients [20]. Furthermore, combined analysis
of three large prospective studies (WOSCOPS,
CARE, and LIPID) showed that treatment with
pravastatin reduced the adjusted rate of renal
function loss by 8% and the risk of renal
failure. In patients with CKD stages 2 and 3 at
baseline, pravastatin reduced the adjusted rate
of renal function loss by about 34%, although
the absolute reduction in rate of loss was small
[21]. The TNT (Treating to New Targets) study

showed that statin-related improvement in
eGFR was significantly greater in patients
treated with atorvastatin 80mg than 10mg
daily [22]. Experimental evidence suggests that
statins may alter the renal response to dyslipi-
demia via effects on inflammatory responses
and endothelial function [23].

Preliminary analysis of SHARP (Study of
Heart and Renal Protection) does not show a
benefit of combination therapy of simvastatin/
ezetimibe on progression of renal disease and
incidence of end-stage renal disease.

Regarding proteinuria, analysis of 15 rand-
omized trials in 1384 patients that evaluated
the change in proteinuria or albuminuria, strati-
fied by baseline urinary protein excretion,
showed that statin treatment reduced albu-
minuria by 47% (95% CI 26-67%) and 48%
(95% CI 25-71%) in people with baseline albu-
minuria 2300mg/dL and 30-299 mg/dL, respec-
tively, but did not affect albuminuria when
baseline levels were <30mg/dL. However, the
strength of these findings was limited by the
quality, size, or design of the studies included
in the analysis [24].

Multifactorial interventions

Current standards of care for primary and sec-
ondary CVD prevention emphasize the impor-
tance of multifactorial intervention to achieve
recommended targets for LDL cholesterol
which are often not met [25-30]. In the
STENO-2 study intensive multifactorial inter-
vention significantly reduced CV events during
a mean of 7.8 years post-treatment follow-up
(HR 0.47, 95% CI1 0.24-0.73, p = 0.008) and CV
mortality during a mean of 5.5 years (HR 0.43,
95% CI 0.19-0.94, p =0.04), but failed to
prevent the development or progression of
microvascular disease in up to 50% of patients
[31, 32].

Several studies indicate that significant CVD
risk persists after treatment with statins [33-43].
Three recent meta-analyses of the Cholesterol
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Treatment Trialists (CTT) collaborators includ-
ing 90056 and 170000 subjects (18686 with
diabetes) from 14 and 26 randomized trials
reported that for each mmol/L lowering of LDL
cholesterol statin therapy was effective in
reducing the risk for major vascular events by
21%. Despite this, the residual risk of major
vascular events over a S-year period remained
at 14% of patients experiencing a CV event [3,
44, 45]. Achieving new targets of 70mg/dL LDL
cholesterol patients are left with a high resid-
ual risk [46, 47].

In patients with type 2 diabetes mellitus,
nephropathy and/or established CVD athero-
genic dyslipidemia, characterized by elevated
TGs and a low plasma concentration of HDL
cholesterol, often with elevated non-HDL cho-
lesterol, is prevalent [48-50]. About two-thirds
of statin-treated patients with CHD risk equiv-
alents and well-controlled LDL cholesterol
levels have low HDL cholesterol levels (<40 mg/
dL in men and <50mg/dL in women) [51].
Elevated TGs (>150mg/dL) is also common,
affecting about 50% of adults with prior
CVD [50].

Lifestyle modification such as traditional Medi-
terranean diets, dietary sodium, and exercise
are cornerstones in the prevention and treat-
ment of CVD, type 2 diabetes mellitus, the
metabolic syndrome, and most likely also in
patients with incipient diabetic nephropathy.
Data to support pharmacologic intensification
of blood glucose and blood pressure control
are less than conclusive. In the Action in
Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evalu-
ation (ADVANCE) trial [52], intensive glycemic
control versus conventional control reduced
the incidence of combined microvascular and
major macrovascular events by 10%, mainly
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due to a decrease in nephropathy (reduction in
relative risk (RR) 21%, p =0.01). ADVANCE
also showed that intensive blood pressure low-
ering did not reduce the overall risk of micro-
vascular events (RR reduction 9%, p = 0.16)
[53]. Interim analysis of the ACCORD (Action
to Control Cardiovascular Risk in Diabetes)
study showed that intensive glycemic control
(lowering HbAlc to a median of 6.4% versus
7.5% with conventional control) increased
mortality (by 22%, p = 0.04) after a mean of
3.5 years of follow-up [54].

Although statins are effective in reducing
non-HDL cholesterol and apolipoprotein B,
effects on raising HDL cholesterol and lowering
TG tend to be less impressive and dependent
on dose and lipid phenotype. Although further
reduction of LDL cholesterol can be achieved
with inhibitors of cholesterol absorption, such
as ezetimibe, other lipid-modifying therapies
are usually needed for treatment of higher
TG concentrations and low HDL cholesterol.
Current treatment guidelines therefore recom-
mend the addition of either a fibrate, niacin,
or omega-3 fatty acids to achieve non-HDL
targets in patients with atherogenic dyslipi-
demia and at high risk of CVD [25-30].

The ACCORD lipid trial [54] randomized 5518
high-risk type 2 diabetes patients at target for
LDL cholesterol (~100mg/dL or ~2.6mmol/L at
baseline decreasing to ~80mg/dL or ~2.0mmol/L
on simvastatin, mean dose 22mg/day) to
fenofibrate or placebo. Fenofibrate treatment
lowered TG by 22% from baseline versus 8.7%
with simvastatin alone, and raised HDL choles-
terol by 8.4% versus 6.0% with simvastatin
alone. The study failed to demonstrate a benefit
for a composite of cardiovascular death, non-
fatal MI, or non-fatal stroke. Fenofibrate
significantly reduced the incidence of both
microalbuminuria (p =0.01) and macroalbu-
minuria (p =0.03) versus simvastatin alone.
Predefined subgroup analysis highlighted a
group of patients with baseline TG levels
>204mg/dL (2.3 mmol/L) and HDL cholesterol
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levels <34mg/dL (0.88 mmol/L) who received
simvastatin alone. This group suffered 70%
more primary end points than those without
this lipid profile (17.3% versus 10.1%). Adding
fenofibrate to simvastatin resulted in a 31%
reduction in events (from 17.3% to 12.4%,
absolute risk reduction 4.9%). The conclusion
from ACCORD Lipid is that the extension of
fibrate treatment is not appropriate with
respect to cardiovascular outcomes. Unlike
statins, it appears that fibrates lower cardiovas-
cular events mainly in patients who have
abnormal lipid levels at baseline, especially
elevated TG and low levels of HDL cholesterol
(i.e., atherogenic dyslipidemia) [55-58]. A con-
servative estimate of the percentage of type 2
diabetes patients with atherogenic dyslipi-
demia (TG = 204mg/dL and HDL cholesterol
<34mg/dL) is likely to be between 10% and
15%. The implication from ACCORD Lipid
is that not all patients with type 2 diabetes
benefit from dyslipidemia management beyond
LDL cholesterol [59]. Combination treatment
with fenofibrate-simvastatin was safe and
well tolerated in the total study population,
with no excess myopathy versus simvastatin
monotherapy.

Improvements in CVD outcomes are now
challenged by the impact of global epidemics
of obesity, metabolic syndrome, and diabetes.
Highlighting atherogenic dyslipidemia as a key
modifiable factor contributing to residual mac-
rovascular risk in statin-treated patients impli-
cates this in the pathogenesis of microvascular
residual risk in diabetes patients. Considering
the evidence, the following actions should be
addressed: (1) increase awareness of the extent
and importance of residual vascular risk among
the clinical community; (2) understand by
research factors which contribute to the resid-
ual vascular risk remaining in dyslipidemic
patients; (3) lifestyle modification is an impor-
tant first step for reducing residual vascular
risk; the strong potential of nutrition and exer-
cise is not well appreciated and underutilized;

(4) optimal therapeutic intervention aimed at
achievement of all lipid targets with the addi-
tion of niacin or a fibrate, or possibly omega-
3-fatty acids for optimal statin therapy; (5)
earlier intervention in the natural history of
atherosclerosis, with lifestyle therapy and drug
treatment as appropriate; and (6) multifactorial
intervention involving lifestyle modification,
combination therapy targeting all lipid goals,
and tight control of blood pressure and glyc-
emia as the optimal approach to reducing
residual vascular risk in dyslipidemic patients.
A recent position paper from two major
ongoing studies, AIM-HIGH and HPS2-THRIVE,
provides crucial information regarding the use
of combination lipid-altering treatments in the
future.

In the general population, meta-analyses of
prospective trials of statins have revealed an
approximately 25% reduction in cardiovascu-
lar events per 39 mg/dL (1 mmol/L) decrease in
LDL cholesterol [2, 3, 44, 45]. Notably, these
analyses have proven the principle that the
relative risk reduction achieved by a certain
absolute reduction in LDL cholesterol is
uniform across all strata of baseline LDL cho-
lesterol values.

In 2003, to the surprise of many, the results
of the 4D study demonstrated that lowering
LDL cholesterol with atorvastatin (20 mg/day)
in 1255 hemodialysis patients with type 2
diabetes did not produce statistically signi-
ficant reductions in the primary outcome
measure [5]. Four years later, AURORA (A Study
to Evaluate the Use of Rosuvastatin in Subjects
on Regular Hemodialysis: An Assessment of
Survival and Cardiovascular Events) 2 was
hoped to provide clarification of whether LDL
lowering with rosuvastatin (10 mg/day) would
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offer any benefit to 2776 hemodialysis patients
[6]. Like 4D, the main results of AURORA were
negative. In 2011 The Study of Heart and Renal
Protection (SHARP) added new hope to the
treatment expectations [60] similarly to the
results in the Assessment of Lescol in Renal
Transplant (ALERT) [61].

Die Deutsche Diabetes Dialyse Studie

The 4D study [5] was motivated by the recom-
mendation regarding statin treatment in
patients with type 2 diabetes on maintenance
hemodialysis in the original 2003 KDOQI dia-
betes guideline [62]. In brief, 4 weeks of treat-
ment with 20mg/day of atorvastatin caused a
reduction in the median level of LDL choles-
terol by 42% among patients receiving atorv-
astatin, and among those receiving placebo
it was reduced by 1.3%. During a median
follow-up period of 4 years, 469 patients (37%)
reached the primary end point, of whom 226
were assigned to atorvastatin and 243 to pla-
cebo (relative risk, 0.92; 95% CI 0.77-1.10;
p = 0.37). Atorvastatin had no significant effect
on the individual components of the primary
end point, except that the relative risk of fatal
stroke among those receiving the drug was
2.03 (95% confidence interval, 1.05-3.93;
p = 0.04). Atorvastatin reduced the rate of all
cardiac events combined (relative risk, 0.82;
95% confidence interval, 0.68-0.99; p = 0.03,
nominally significant) but not all cerebrovas-
cular events combined (relative risk, 1.12; 95%
confidence interval, 0.81-1.55; p=0.49) or
total mortality (relative risk, 0.93; 95% confi-
dence interval, 0.79-1.08; p = 0.33).

However, absolute reductions in LDL choles-
terol produced by a given dose of a statin
are larger at high than at low pretreatment
concentrations. Accordingly, statin trials com-
monly show higher relative reductions in car-
diovascular events at high baseline LDL
cholesterol. We therefore hypothesized that
the cardiovascular benefit of atorvastatin was
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greater at higher baseline LDL cholesterol in
4D. Furthermore, we aimed to determine the
effect of baseline LDL cholesterol on the inci-
dence rate of future cardiovascular events. In
particular, we intended to assess whether the
association between baseline LDL cholesterol
and adverse outcomes differed between the
treatment groups, as it has been demonstrated
in previous studies. In this post hoc analysis
of the 4D trial [63], we found that fatal and
non-fatal cardiac events were significantly
reduced if the pretreatment LDL cholesterol
was >145mg/dL. Although post hoc analyses
provide a different look at the data from the
previous studies, they must be viewed as
hypothesis generating, and, therefore, do not
alter the main message of the guideline update,
which is based on the primary prespecified out-
comes from these clinical trials.

AURORA

Concerns that the results of 4D were attribut-
able to the futility of a single intervention in
such high-risk patients inspired AURORA [6].
AURORA, a clinical trial that randomized 2776
patients on hemodialysis to rosuvastatin 10mg
a day and placebo. Only 26% of the patients
in AURORA had diabetes. As found in 4D,
AURORA reported no significant effect of statin
therapy on the primary cardiovascular outcome
that included cardiac death or non-fatal myo-
cardial infarction and fatal or non-fatal stroke,
either in the overall study population or in the
subgroup of patients with diabetes. After 3
months, the mean reduction in LDL choles-
terol levels was 43% in patients receiving rosu-
vastatin, from a mean baseline level of 100 mg/
dL (2.6mmol/L). During a median follow-up
period of 3.8 years, 396 patients in the rosuv-
astatin group and 408 patients in the placebo
group reached the primary end point (9.2 and
9.5 events per 100 patient-years, respectively;
hazard ratio for the combined end point in the
rosuvastatin group versus the placebo group,
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0.96; 95% CI1 0.84-1.11; p = 0.59). Rosuvastatin
had no effect on individual components of the
primary end point. There was also no signifi-
cant effect on all-cause mortality (13.5 versus
14.0 events per 100 patient-years; hazard ratio
0.96; 95% CI 0.86-1.07; p = 0.51).

Recently, Holdaas et al. [64] in a post hoc
analysis of AURORA focused on a subgroup of
731 hemodialysis patients who had diabetes.
In this analysis rosuvastatin significantly
reduced the rates of cardiac events combined
[cardiac death and non-fatal myocardial infarc-
tion (MI)] by 32% (HR 0.68; 95% CI 0.51-0.90).
Analyzing the original AURORA primary end
point (death from cardiovascular causes, non-
fatal MI, or non-fatal stroke) in AURORA-
diabetes, patients showed a larger, albeit
non-significant, 16% RR reduction (HR 0.84;
95% CI 0.65-1.07). For comparison, an 8%
non-significant RR reduction for the primary
end point (HR 0.92; 95% CI 0.77-1.1) was
observed in the 4D study. Holdaas et al. [64]
built the rationale of their analysis on the
results of a secondary end point of the 4D
study (all cardiac events combined) with a
nominal significant reduction by 18% (RR
0.82; 95% CI 0.68-0.99). This is similar to the
22% relative reduction in MI or coronary death
(HR 0.78; 95% CI 0.69-0.87) obtained in the
Cholesterol Treatment Trialists (CTT) meta-
analysis six of 18686 people with diabetes
from 14 randomized statin trials. In assessing
an anti-atherosclerotic therapy, it would be
most logical to examine an end point includ-
ing non-fatal events such as coronary revascu-
larization and/or ischemic stroke, which are
clearly affected by LDL lowering. It would even
be more logical in a population such as dialysis
patients, in whom there remains uncertainty
about the relative contributions of structural
heart disease and coronary disease to cardiac
death. Thus, it seems reasonable to have
chosen both cardiac and cerebrovascular
events to be represented within the primary
end point. One might vote for picking out

hemorrhagic strokes from the primary end
point and also non-atherosclerotic cardiac
events. In AURORA, the risk for non-fatal
stroke was not significantly higher in the active
arm, and the effect of treatment, although not
significantly different by subgroup of baseline
diabetic status, was shifted toward benefit in
patients with diabetes (12.6% versus 15.1%).
So, in hindsight, if one wanted to go in search
of a significant benefit, it would be interesting
to investigate cardiac events in patients with
diabetes. Interpretation of any post hoc analysis
should be treated with caution and is at best
hypothesis generating rather than hypothesis
testing. An interesting observation was that
rosuvastatin affected cardiac events but not
stroke. The evidence from the general popula-
tion (CTT meta-analysis) is that lipid lowering
significantly reduces the risk for development
of several different manifestations of athero-
sclerosis (coronary disease, ischemic stroke,
coronary revascularizations) and that the sig-
nificant effects on a combination of these vas-
cular end points are consistent in patients with
mildly to moderately reduced GFR and in
those with normal GFR (CTT webfigure 10).
Therefore, one would expect that ischemic
stroke would be reduced by LDL cholesterol
lowering, but Holdaas et al. [64] do not include
this in their post hoc analysis. It is possible that,
as for 4D, the increased rate of stroke observed
in the main results is just chance, but its lack
of inclusion here is surprising. Holdaas et al.
suggest that end point choice is arbitrary.
Rather, it has been defined as follows: “The
primary variable should be the variable capable
of providing the most clinically relevant and
convincing evidence directly related to the
primary objective of the trial.” I admit that
choosing the appropriate outcome measures in
clinical trials is difficult, and even more diffi-
cult and with certain variability is the outcome
adjudication. Meta-analysis data from 170000
participants in large-scale statin trials found
statins to reduce the risk for ischemic strokes
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by 16% (HR 0.84; 95% CI 5-26). In SHARP, LDL
cholesterol was lowered by an average of
33 mg/dL, which produced a reduction of 19%
in total stroke (HR 0.81; 95% CI 0.66-0.99),
driven by a 28% reduction in ischemic stroke.
There was an excess of hemorrhagic stroke (HR
1.21; 95% CI 0.78-1.86). AURORA-diabetes
showed an excess of hemorrhagic stroke as well
(HR 5.21;95% CI 1.17-23.3), but the result is
not in keeping with the 4D study (eight versus
five hemorrhagic strokes in placebo versus
active), which included more patients with
diabetes and followed them for longer. Is this
a concern, and should this discourage the use
of statins in dialysis patients? A recent meta-
analysis suggested that statins might increase
the risk for hemorrhagic stroke, but this
increase is of the order of 20%, and because the
risk for ischemic stroke in most populations is
substantially higher, the absolute effect on all
stroke is beneficial. Nevertheless, the small
number of events (two versus 12) in this analy-
sis means that this result should be interpreted
with caution. The evidence would be stronger
if all of the available evidence were included
in a meta-analysis of the individual data from
AURORA, 4D and the dialysis patients in
SHARP. This might have enough events to
assess reliably the effects of statin therapy in
patients both with and without diabetes on
coronary events as well as stroke.

SHARP

The SHARP trial [60] randomized 9270 partici-
pants 240 years old with CKD (mean eGFR of
27mL/min/1.73m? to receive simvastatin
20mg plus ezetimibe 10mg daily or placebo,
and followed them for 5 years. Thirty-three
percent of the patients (n = 3023) were receiv-
ing maintenance dialysis at randomization and
23% (n = 2094) of the participants had diabe-
tes, with equal proportions in the simvastatin
plus ezetimibe and placebo groups. Allocation
to ezetimibe/simvastatin yielded an average
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LDL cholesterol difference of 0.85mmol/L
(with about two-thirds compliance) during
a median follow-up of 4.9 years, and produced
a 17% proportional reduction in major
atherosclerotic events [526 (11.3%) ezetimibe/
simvastatin versus 619 (13.4%); RR 0.83, 95%
CI 0.74-0.94; log rank p=0.0022]. There
was a non-significant reduction in non-fatal
myocardial infarction or coronary death [213
(4.6%) versus 230 (5.0%); RR 0.92, 95%
CI 0.76-1.11; p = 0.37], and significant reduc-
tions in non-hemorrhagic stroke [131 (2.8%)
versus 174 (3.8%); RR 0.75, 95% CI 0.60-0.94;
p=0.01] and revascularization procedures
[284 (6.1%) versus 352 (7.6%); RR 0.79, 95%
CI 0.68-0.93; p = 0.0036]. Among the patients
with CKD not treated by dialysis at randomiza-
tion (n = 6247), treatment with simvastatin
plus ezetimibe did not reduce the frequency of
doubling of the baseline serum creatinine con-
centration or progression to end-stage renal
disease. Although the study was not powered
to reliably estimate the effect of treatment on
primary outcomes among clinical subgroups,
the proportional effect on major atheroscle-
rotic events did not appear to differ between
those with or without diabetes.

ALERT

The ALERT trial [61] examined the effect of
statin therapy on cardiovascular risk reduction
in 2102 patients with functioning kidney
transplants who were followed for 5-6 years.
Fluvastatin therapy (40-80mg/day), compared
with placebo, was associated with a significant
35% relative reduction in the risk of cardiac
death or definite non-fatal myocardial infarc-
tion, HR = 0.65 (95% CI 0.48-0.88). The study
included a prespecified analysis for a subset of
396 patients with diabetes, of whom 197 were
randomized to fluvastatin and 199 to placebo.
In this subset, the benefit was similar in mag-
nitude as in the overall cohort, but was not
statistically significant, HR =0.71 (95% CI
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0.41-1.21), suggesting limitations of under-
powering due to small sample size. Given these
limitations and the lack of a significant interac-
tion between diabetes and treatment assign-
ment for the primary outcome, the Work
Group based its recommendation for statin
treatment in kidney transplant patients on the
overall results from the ALERT study.

Accordingly, the evidence that treatment
with statin or statin/ezetimibe combination
improves health outcomes is based primarily
on prevention of CVD events. There is no evi-
dence from these trials that such treatment
improves kidney disease outcomes, including
doubling of serum creatinine or progression to
end stage renal disease.

The original 2003 Kidney Disease Outcomes
Quality Initiative (KDOQI) recommendations
were based largely on four post hoc analyses
[62] that reported results of lipid-lowering
therapy for a subpopulation of patients with
CKD and diabetes compared with placebo. The
recent 2012 KDOQI diabetes guideline [65]
summarizes the four randomized controlled
trials and recommended using LDL cholesterol-
lowering medicines, such as statins or statin/
ezetimibe combination, to reduce risk of major
atherosclerotic events in patients with diabetes
and CKD, including those who have received
a kidney transplant. Based on these data the
recent KDOQI guidelines do not recommend
initiating statin therapy in patients with diabe-
tes who are treated by dialysis.

Possible rationale of guideline
statements

The SHARP trial [60] indicated that risk for
the primary outcome of major atheroscle-
rotic events other than death was reduced by
simvastatin/ezitimibe combination among a

wide range of patients with CKD. Yet, the
“subgroup” of over 3000 patients on dialysis
did not show a statistically significant reduc-
tion in risk of the primary outcome. The
SHARP investigators advocate that this group
is still likely to benefit because of lack of statis-
tical heterogeneity. However, even as a sub-
group, this is still the largest trial of LDL
cholesterol lowering conducted to date in
patients on dialysis. Taking into account the
4D and AURORA trials along with the SHARP
data, overall evidence to support a favorable
effect of initiating LDL cholesterol-lowering
treatment on atherosclerotic events in dialysis
patients is lacking. Moreover, since most of the
clinical CVD events experienced by hemodi-
alysis patients with diabetes are wvascular
deaths, for which statins provide little or no
benefit as illustrated in the SHARP trial [60].

A recent meta-analysis concluded that the
available evidence continues to support the
recommendation that statin therapy not be
initiated in dialysis patients, especially with
diabetes. Whether previously treated patients
should be continued on statin therapy once
they commence dialysis, or not, has not been
studied, and, as such, data are insufficient to
provide guidance for this group.

With the exception of SHARP, data to
support recommendations for LDL cholesterol
lowering come from post hoc subgroup analyses
of clinical trials that included CKD patients
with and without diabetes. Nevertheless, a grow-
ing body of evidence demonstrates a clear
benefit of statin therapy on clinical CVD
events among patients with diabetes and across
a wide range of CKD stages, perhaps with the
exception of those on dialysis.

Of note, the results of the AdDIT trial (Ado-
lescent type 1 diabetes mellitus cardio-renal
Intervention Trial) are awaited, and will pro-
vide data on the effectiveness of atorvastatin
and quinalapril to prevent cardiovascular and
kidney complications in adolescents with type
1 diabetes.
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Special considerations

Reduced dosing of statins is generally recom-
mended for patients with advanced CKD. On
the other hand, increased dosing of statin
therapy may be beneficial in some patients
with diabetes and CKD. The TNT trial [66]
reported a benefit for secondary prevention of
major cardiovascular events from treatment
with atorvastatin 80mg/day compared with
atorvastatin 10mg/day in 546 patients with
diabetes and CKD and pre-existing coronary
artery disease over 5 years of follow-up. The
risk of stroke was 4.8% (13/273) for the higher
dose, compared with 7.3% (20/271) for the
lower dose. There was no reduction in all-cause
mortality. Higher statin doses, however, are
associated with an increased risk of myopathy
particularly among patients with reduced
kidney function, signifying that treatment
regimens require modification in advanced
CKD. Therefore, reliance less on higher dosing
of statins and more on combination therapy to
reduce LDL cholesterol is an attractive strategy.
The SHARP trial [60] addressed this issue by
using lower dose simvastatin (20mg/day) and
adding the cholesterol absorption inhibitor
ezetimibe (10mg/day) to achieve an average
LDL cholesterol reduction of about 1 mmol/L.
Of note, the US FDA issued a Safety Announce-
ment in June 2011 that recommends limited
use of the highest approved dose of simvasta-
tin (80 mg) because of increased risk of myopa-
thy. Simvastatin 80 mg should be used only in
patients who have been taking this dose for 12
months or more without evidence of muscle
injury. Simvastatin 80 mg should not be started
in new patients, including patients already
taking lower doses of the drug. In addition
to these new limitations, the FDA requires
changes to the simvastatin label to add new
contraindications (concurrent ciclosporin or
gemfibrozil use) and dose limitations for use
with other medicines such as calcium channel
blockers or amiodarone. Further information
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can be obtained at the FDA website (fda.gov/
Drugs/DrugSafety).

The best treatment efforts to reduce LDL cho-
lesterol are saving substantial numbers of lives.
However, type 2 diabetes mellitus patients
with chronic kidney disease still experience
progression of CVD. Even with intensify-
ing statin therapy, residual cardiovascular risk
remains, and atherogenic dyslipidemia is an
important driver of this so-called residual risk
in early stages of kidney disease. New strate-
gies evaluate the role of intensive combination
lipid treatment for the entire type 2 diabetic
population above eGFR of 60 mL/min/1.73m?
The link between dyslipidemia treatment
and diabetic retinopathy, nephropathy, and
neuropathy is an emerging new field and
microvascular complications are targets for
new treatments.
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Diabetes mellitus, bone and kidney

Thomas Neumann and Gabriele Lehmann

Jena University Hospital, Jena, Germany

e Fracture risk is increased in patients with type 1 and
type 2 diabetes.

¢ |Impaired bone quality leads to reduced bone strength.
e Prevention of falls is a major requirement in diabetes.
e Bone remodeling is linked with energy metabolism
by osteocalcin.

e Alterations in bone turnover are a common com-
plication of renal failure.

e Renal osteodystrophy increases fracture risk.

e Forms of renal osteodystrophy can be diagnosed
correctly only by bone biopsy.

e Bone turnover markers and bone mineral density
measurements are not able to differentiate forms and
severity of renal osteodystrophy.

e Therapeutic options of renal osteodystrophy are
limited.

Introduction

Osteoporosis is a systemic skeletal disease
characterized by low bone mass and micro-
architectural deterioration of bone tissue, with
subsequent increase in bone fragility and sus-
ceptibility to fracture [1]. In the year 2000, 9
million osteoporotic fractures were estimated
to occur worldwide, of which 1.6 million in-
volved the hip, 1.7 million the forearm, and

1.4 million the vertebrae [2]. The peak number
of hip fractures occurred between the ages of
75 and 79 years in both men and women.
Osteoporotic fractures accounted for a total
loss of disability-adjusted life years (DALYs) of
5.8 million [2].

Patients with diabetes have multiple ske-
letal disorders, including osteoporosis with
increased fracture risk, Charcot’s disease, and
diffuse idiopathic skeletal hyperostosis (DISH)
[3]. Occurrence of osteoporosis in patients with
diabetes may pose a further burden of disease.

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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To provide optimal bone health care to patients
with diabetes, awareness of the epidemiology,
consideration of pathophysiological mecha-
nisms, careful clinical assessment, and appro-
priate prevention or treatment of skeletal
diseases are pivotal.

Osteoporosis in type 1 and type 2
diabetes

For type 1 diabetes mellitus, the prevalence of
osteopenia and osteoporosis determined by
dual X-ray absorptiometry (DXA) varies. Osteo-
penia is found in about 50-60% and oste-
oporosis in 14-20% of patients [4]. It must be
considered whether the onset of diabetes
occurred within childhood—in a growing
skeleton—or after adolescence and therefore
after achieving peak bone mass. Bone mineral
loss occurs during the first few years after onset
of diabetes. Several studies have shown that
children and young adults (older than 20
years) with type 1 diabetes mellitus have a
lower bone mineral density (BMD) than
matched controls [4]. The interference of dia-
betes onset and formation of peak bone mass
may result in insufficient skeletal mineraliza-
tion and have a negative impact on the skele-
ton at later times. Indeed, a recent study has
shown that patients with disease onset in ado-
lescence had lower hip strength at later times
when diabetes had started earlier [5]. Many
studies have investigated BMD in adult patients
with type 1 diabetes mellitus, but with hetero-
geneous results. The majority of the studies
have described a lower BMD at the lumbar
spine or femoral neck—or both sites—in this
patients group [4]. Most studies have reported
no association between BMD and glycemic
control via glycosylated hemoglobin (HbAlc)
levels [6, 7].

Using the BMD-fracture risk relationship for
postmenopausal women according to Marshall
et al. [8], a younger cohort with type 1 diabetes
mellitus would have an estimated fracture risk

Diabetes mellitus, bone and kidney

of 1.3-2.3 at the lumbar spine and 1.4-2.6 at
the femoral neck [4]. In a meta-analysis of
epidemiologic fracture data in type 1 diabetes
mellitus, however, the observed fracture risk
was clearly higher than that expected using the
BMD-based estimation [9]. For hip fractures,
for example, the observed risk was 6.94 (3.25-
14.78). Several studies indicate an association
among diabetic complications, such as retinop-
athy, peripheral neuropathy, and nephropathy,
as well as peripheral vascular complications
with BMD or fractures [10]. One might speculate
that patients with retinopathy or neuropathy
have low physical activity and therefore less
musculoskeletal interactions. Despite the fact
that several studies have described a differen-
tial BMD for men and women, the fracture risk
is probably the same [11].

Concerning type 2 diabetes mellitus, this
condition usually starts in patients who have
already reached their peak bone mass, and typi-
cally the onset of disease is less abrupt. The
largest study on BMD and fracture incidence in
type 2 diabetes mellitus is the Rotterdam Study
(483 women and 309 men; mean age 74 years)
[12]. This study has evidenced an increased
fracture risk in patients with diabetes compared
with 5863 controls without diabetes (hazard
ratio 1.33; 95% CI 1.00-1.77), although the
BMD at the lumbar spine and proximal femur
were higher. Patients with treated diabetes were
at increased risk of fractures, but the diabetes
medications were not mentioned. Janghorbani
et al. [11] have published a meta-analysis of 12
studies indicating a summary relative risk of 1.7
(95% CI 1.3-2.2) for hip fractures. The risk of
hip fractures was slightly higher in men, but
statistically not significant.

The inverse association between BMD and
fracture risk in patients with type 2 diabe-
tes mellitus has led to a substantial body
of research. Retrospective cohort studies on
patients with type 2 diabetes mellitus have
revealed that even the Fracture Risk Algorithm
(FRAX) score underestimated the fracture risk
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in this cohort [13]. Although the BMD at the
femoral neck is an accepted diagnostic instru-
ment for predicting hip fractures, bone strength
is related to body size and bone size, independ-
ently of BMD. Body size determines the forces
during falls, and bone size determines the
bone structural strength. In a prospective study
design it could be demonstrated that a calcu-
lated composite score, which integrates femoral
neck size and body size with bone density, was
inversely associated with hip fractures [14]. A
recently published prospective study in type 2
diabetes mellitus has revealed that—after
adjusting for various covariates—patients have
lower composite strength indices in spite of
higher BMD at the femoral neck [15]. This may
easily result in impaired resistance to fracture
forces relative to load.

Falls and fracture risk

Falls are a major extraskeletal risk for fractures.
About one-third of community-dwelling
people older than 65 years fall at least once a
year, with one of 10 falls causing a serious
injury [16]. Major risk factors for accidental fall
are previous falls, balance impairment, and
decreased muscle strength [16]. Pijpers et al.
[17] have found that recurrent falls occur more
frequently in patients with diabetes than in
controls (30.6 versus 19.4%, p = 0.017). Factors
explaining the increased incidence of falls were
a greater number of medicines used, higher
level of body pain, poorer self-perceived health,
lower level of physical activity, more limita-
tions in activities of daily life, and cognitive
impairment. Polypharmacy is another major
risk factor of incident falls in patients with type
2 diabetes mellitus [18].

Hypoglycemia is a well-known risk factor of
incident falls. If patients with type 2 diabetes
mellitus use insulin, then the risk of falls
increases dramatically in patients with HBA1c
<6% compared with those with HBAlc >8%
(OR 4.36, 95% CI 1.32-14.46) [19]. Interest-
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ingly, in patients with type 2 diabetes mellitus
who do not use insulin, there is no association
between low HBAlc and risk of falls. In the
same study, reduced peripheral nerve func-
tion (determined by peroneal nerve response
amplitude at the popliteal fossa) and reduced
visual function (determined by contrast sensi-
tivity) were both independently associated
with the risk of falls. Furthermore, impairment
of renal function, as measured by blood levels
of cystatin-c, was associated with falls.
Vitamin D deficiency is another well-known
risk factor for falls. In addition to its impor-
tance in skeletal health by regulation of cal-
cium and phosphorus homeostasis, vitamin D
has direct effects on muscle strength. Many
studies have found decreased 25-OH vitamin
D levels in patients with type 1 diabetes mel-
litus and type 2 diabetes mellitus—more pro-
nounced in type 2 diabetes mellitus—when
compared with non-diabetic controls [20].

Proposed mechanisms underlying the
increased fracture risk in diabetes

Animal and clinical data suggest that insulin
has an anabolic role in bone. Whereas low
insulin levels characterize type 1 diabetes mel-
litus, in type 2 diabetes mellitus insulin levels
are actually increased due to insulin resistance.
Concentrations of insulin-like growth factor-I
(IGF-I), another anabolic hormone, are decreased
in type 1 diabetes mellitus and decreased or
normal in type 2 diabetes mellitus [21]. Mice
lacking insulin receptors that mediate insulin-
and IGF-I signaling had impaired bone forma-
tion and low bone turnover [22]. Human data
support the “insulin deficiency” hypothesis, as
intensive insulin therapy has been shown to
exert positive effects on bone metabolism over
the course of 7 years [23].

Concerning type 1 diabetes mellitus, it is still
unclear whether the autoimmune process itself
is involved in impaired bone metabolism,
given that autoimmunity is characterized by the
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presence of activated T cells and an osteoclas-
togenic cytokine microenvironment. However,
animal data suggest that the increase in the
number of osteoclasts is not associated with an
upregulation of receptor for activation of NF-xB
ligand (RANKL) expression in the bone of rats
with streptozotocin-induced diabetes [24].

Both type 1 diabetes mellitus and type 2
diabetes mellitus diabetes are characterized by
hyperglycemia. Hyperglycemia may have several
adverse effects on bone metabolism, including
non-enzymatic glycosylation of various bone
proteins, hypercalciuria caused by glycosuria,
and various interactions of hyperglycemia
with the parathyroid hormone (PTH)/vitamin
D system. The positive effects of obesity on
BMD might counteract some of the detrimen-
tal effects of hyperglycemia. Both, osteoblasts
and adipocytes are derived from mesenchymal
stem cells. Soluble factors that are released
from adipocytes have recently emerged as
crucial mediators in bone metabolism. High
levels of leptin are predictive of low risk of
fractures, whereas high levels of adiponectin
are predictive of a higher risk of vertebral frac-
tures, but only in men [25]. Animal experi-
ments suggest that the effects of leptin on
the skeleton are divergent depending on the
site of action. By serotonin-mediated stimula-
tion of the central nervous system sympathetic
output, leptin suppresses osteoblast prolif-
eration. In contrast, leptin may partially
prevent ovariectomy-induced bone loss in rats,
if administrated peripherally [26].

Animal studies confirm that bone strength
is impaired in both types of diabetes [27, 28].
Increased formation of advanced glycation end
products (AGEs) by non-enzymatic glycosyla-
tion is associated with diabetes and leads to
damage of the extracellular matrix, tissue stiff-
ening, and accelerated sclerosis in arteries [29].
An increase in AGE formation in diabetic bone
may result in the reduction of bone strength
independently of BMD [30]. Increased serum
or urine level of AGEs is independently associ-
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ated with prevalent or incident fractures in
type 2 diabetes mellitus [31, 32]. AGE accumu-
lation not only impairs material properties of
the bone matrix, but also inhibits bone forma-
tion by increased osteoblast apoptosis [33].

Specific influence of diabetes drugs
on fracture risk

As already mentioned, insulin treatment may
increase the risk of fracture in type 2 diabetes
mellitus when compared with non-insulin-
treated patients. However, most patients with
type 2 diabetes mellitus on insulin treatment
have longstanding disease and mostly a higher
prevalence of diabetic complications and comor-
bidities, and these may independently or
additionally interfere with the fracture risk.
In patients with longer duration of insulin
treatment, for example, there was no signifi-
cant association with bone fracture [34].

Metformin shows a direct osteogenic effect
in vitro by stimulating the proliferation and
differentiation of osteoblast-like cell lines,
leading to the hypothesis that it might be
protective against fractures. Although only
limited clinical data are available, metformin
treatment has been shown to be associated
with reduced fracture risk in one study [35].
The same study has also shown a reduction of
fracture risk in patients with type 2 diabetes
mellitus on sulfonylureas.

Thiazolidinediones (TZDs) are antidiabetic
drugs that mediate insulin sensitivity by bind-
ing to the peroxisome proliferator-activated
receptor y (PPAR-y). Activation of PPAR-y
by TZDs suppresses several key osteogenic
transcription factors, and induces a shift in
mesenchymal stem cell specification from oste-
ogenesis to adipogenesis. This shift results in
increased bone marrow adiposity. Randomized
clinical trials with TZDs have shown an
increased fracture risk in women with type 2
diabetes mellitus. The cumulative fracture
incidence in ADOPT (Analysis from A Diabetes
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Outcome Progression Trial) with rosiglitazone
was 15.1% after 5 years of treatment compared
with 7.3% for metformin [36]. In a retrospec-
tive cohort study, women older than 65 years
appeared to be at the greatest risk of fracture
on TZD treatment [37]. Concerning the risk of
fracture in men, the data are conflicting with
no increased fracture risk in clinical trials and
the opposite results in observational studies [37].

Cross-talk between bone remodeling
and energy metabolism

Within the last few years some fascinating
studies have been published on the interplay
between the skeleton and energy metabolism.
Bone remodeling is an active process that
requires a large amount of energy; therefore,
the hypothesis was generated that the same
hormones may regulate bone and energy
metabolism [38]. Earlier in this chapter we
have mentioned the importance of leptin and
adiponectin, two adipocyte-derived hormones
that can regulate bone mass by signaling on
osteoblasts. Recent insights into the role of
bone in energy metabolism as a feedback loop
have emerged from several animal studies.
Insulin signaling in bone has been suggested
to be necessary for whole-body glucose home-
ostasis. Mice lacking the insulin receptor
on osteoblasts display glucose intolerance
[39]. Insulin signaling mediates inhibition of
osteoprotegerin formation in osteoblasts and
therefore decreases osteoclast activity [40].
Osteoblasts secrete osteocalcin, a small mole-
cule present in blood and stored in the bone
matrix. Post-translational vitamin K-dependent
y-carboxylation is essential for the protein to
acquire a high affinity for mineral ions and
incorporate these into hydroxyapatite crystals.
Conversely, undercarboxylated osteocalcin is
more susceptible to release into the systemic
circulation. Furthermore, osteoclasts may release
undercarboxylated osteocalcin into the circula-
tion by acidifying the bone extracellular matrix
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and by protein decarboxylation. Insulin action
on osteoblasts determines the release of osteo-
calcin, as demonstrated in insulin receptor
mutant mice that had a lower level of systemic
total and undercarboxylated osteocalcin [39].
Lee and colleagues [41] have demonstrated
in rodent genetic models that undercarboxylated
osteocalcin affects insulin production by the B-
cells of the pancreas and insulin sensitivity in
peripheral tissues. In general, patients with type
1 diabetes mellitus and type 2 diabetes mellitus
have lower levels of total osteocalcin [42]. Some
studies report an increase in osteocalcin level
during improvement of glycemic control in
diabetes [42]. Despite emerging evidence of regu-
lation of energy metabolism by bone-derived
osteocalcin, the exact mechanisms of action on
different tissues—including the B-cells of the
pancreas—remain unknown.

Epidemiology

Renal insufficiency due to diabetic nephropa-
thy is similar to renal insufficiency due to other
underlying conditions followed by disturbances
in bone metabolism. Alterations in bone turno-
ver occur at early insufficiency stages and are
not associated with clinical manifestations.
They continue throughout the course of the
disease, finally affecting all patients who reach
end-stage renal disease [43] and persist in a large
extent after renal transplantation [44]. Apart
from increased cardiovascular morbidity rate
and mortality, fractures are a frequent complica-
tion of patients on long-term hemodialysis. The
annual fracture rate of a patient on long- term
hemodialysis is 10-25 per 100 patient-years.
These fractures may not be apparent. After
the occurrence of so-called major fractures, the
annual mortality rate rises to 60% and repre-
sents a threefold increase compared with
patients without fracture [45].
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Pathophysiology

Depending on the activity of bone remode-
ling, high turnover and low turnover bone
diseases can be distinguished. Regarding the
complex pathogenesis of the more frequent
high-turnover bone disease, secondary hyper-
parathyroidism due to the disordered mineral
metabolism, it is generally believed that two
principles are true: first, the increase in PTH
due to the phosphate retention, known as
the trade-off hypothesis, aiming to retain
normophosphatemia [46] and deficiency of 25-
hydroxy vitamin D in early stages, and, second,
the development of a calcitriol deficiency as a
consequence of the reduced activity of the 1-o-
hydroxylase in the advanced stages of chronic
renal insufficiency [47]. Calcitriol constitutes
an important differentiation factor for osteo-
clasts [48] and for osteoblasts [49]. The molecular
characterization of the calcium-sensing recep-
tor and its expression in different organs has
further enriched pathogenetic comprehension.
Because of localization on the parathyroid
gland, the relation between serum calcium
level and PTH is explainable. A stimulation of
this receptor can inhibit the synthesis and
excretion of PTH by the parathyroid gland
[50]. Further clarification is due to the better
knowledge of the links between the fibroblast
growth factor (FGF) 23 and regulation of
phosphate homeostasis and development of
vascular and soft-tissue calcification. Dialysis
patients may show a link between high FGF 23
levels and increased mortality. For healthy
patients, this association has not yet been
proven [51].

For development of the two forms of low-
turnover bone disease—osteomalacia and ady-
namic bone disease—aluminum overload with
accumulation in bone and aluminum-induced
PTH hyposecretion was first held causally
responsible [52]. After a reduction in the appli-
cation of aluminum-containing phosphate
binders and the use of aluminum-free dialysis
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water, the incidence of osteomalacia clearly
declined [53]; in contrast, the incidence of the
adynamic bone disease was rising [54]. The
possible reasons for the development of a low
turnover are numerous and besides calcitriol
deficiency [55] include hyperphosphatemia
[56], metabolic acidosis [57], elevated circulat-
ing interleukin 1 and tumor necrosis factor o
levels [58], and also a deficiency in estrogen
and testosterone. Age, diabetes mellitus, and
malnutrition each independent risk factors for
an adynamic bone disease [59].

Diagnostic procedures: bone
turnover markers, bone mineral
density, bone biopsy

To consider the turnover of an individual
patient, the knowledge of the PTH value is not
sufficient [60]. In addition to the analytical
variability, the particular PTH value is influ-
enced by the comorbidity—notably in concur-
rence with diabetes [61]—the type of dialysis
[62], the extent of aluminum load [44], and of
the skeletal resistance to PTH [63]. This requires
considering the cellular and enzymatic markers
of bone remodeling by renal osteodystrophy
(ROD). The “ideal” bone remodeling marker
should be bone specific and should show a
good correlation with bone histology [64]. For
most bone remodeling markers, the second
stipulation has still to be proven [65].

Bone formation markers

Bone-specific alkaline phosphatase

Bone-specific alkaline phosphatase is produced
by osteoblasts in the early period of osteoblas-
tic differentiation. It is not affected by increased
renal function [66] and thus can be used to
characterize bone formation. A study based on
histomorphometric classification of ROD alka-
line phosphatase and bone-specific alkaline
phosphatase showed significant correlations
with the osteoid surface and osteoblast-covered
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surface in patients with high turnover treated
by hemodialysis [67]. Furthermore, high levels
of alkaline phosphatase were found to be asso-
ciated with fracture incidence, and cardiovas-
cular and overall mortality [68].

Osteocalcin (bone y-carboxylglutamic
acid-containing protein)

This vitamin K-dependent enzyme is produced
and secreted by osteoblasts and influences
bone mineralization. Osteocalcin is the most
abundant non-collagenous protein in the skel-
eton and a marker of late osteoblast differentia-
tion and bone formation. Because osteocalcin
accumulates in patients with impaired renal
function, its use as a bone formation marker
has a limited significance.

Bone resorption markers

Serum cross-linked telopeptide of type 1
collagen

Cross-linked telopeptide of type 1 collagen
(NTX) is a collagen breakdown parameter; it
is an organ and process-specific bone resorp-
tion marker. However, accumulation in renal
insufficiency and urinary excretion complicate
interpretation in patients with decreased renal
function. Nevertheless, it has been reported to
be a useful marker to distinguish high and low
bone turnover [69].

Tartrate-resistant acid phosphatase

Serum type Sb tartrate-resistant acid phos-
phatase (TRAP 5b) is exclusively secreted from
activated osteoclasts [70]. TRAP 5b describes
the number of osteoclasts and their activity. It
is possible that the correlation of TRAP 5b and
histological parameters of bone resorption is
higher than for PTH [71].

In summary, however, all bone resorption
and formation markers alone or in combi-
nation with PTH have failed to discriminate
reliably between high and low bone turnover,
and for clinical and therapeutic decisions
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they cannot replace bone biopsy. At present, a
routine determination of bone resorption
markers is not recommended. The evidence of
this recommendation is graded as 2C (KDIGO,
Kidney Disease: Improving Global Outcomes).

In contrast, because considerably higher or
lower values have a predictive value in regard
to bone turnover, periodic measurements of
PTH or bone-specific alkaline phosphatase
should be taken for evaluation (evidence
level 2B).

Bone mineral density

Measurement of BMD is widely used in the
general population to evaluate fracture risk.
Mostly, dual-energy X-ray absorptiometry
(DXA) is used. This method captures overall
BMD without distinguishing between cortical
and trabecular bone. For patients with oste-
oporosis, a direct correlation between DXA-
measured BMD and fracture risk has been
proven. For this group of patients, the value of
the BMD measurement is uncontested [72].
Thanks to the increasing availability of DXA,
patients with impaired renal function have
been examined; however, the significance of a
singular mineral density measurement con-
cerning fracture risk, turnover, or ROD type
has not been sufficiently validated [73].

A reduction in bone mineral density has
also been described several times for patients
with secondary renal hyperparathyroidism
[74]. The reported results were thought not
consistent and the examined patients were not
comparable.

Several authors [75, 76] have described the
development of the mineral density after renal
transplantation as a reduction of the mineral
density at the lumbar spine for the first year
and for the second year an increase in bone
mineral density.

Although the use of bisphosphonates in
renal osteodystrophy for reducing the fracture
risk has been controversially discussed [77],
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after therapy with bisphosphonates a reduc-
tion in bone mass loss in the first months after
renal transplantation has been shown [78].

According to current knowledge, it is recom-
mended to discontinue routine measurements
of bone density for patients in stated 3-5D of
chronic renal disease because the bone density
in this collective neither predicts the fracture
risk nor the type of renal osteodystrophy (evi-
dence level 2B).

Classification of renal osteodystrophy
by bone biopsy

For differentiating from osteoporosis, bone
changes by renal failure are classified under
“renal osteodystrophy” [79]. Despite the im-
provements in diagnostic imaging and labora-
tory diagnostics, histological evaluation of the
bone is today essential for the exact classifica-
tion. However, iliac crest biopsy is an invasive
diagnostic procedure; moreover, it is time-
consuming, expensive, and not ubiquitously
available.

Indications for bone biopsy according to
KDIGO 2009 [79]:

e unexplained fractures

e persistent bone pain

e unexplained hypercalcemia

e unexplained hypophosphatemia

e potential aluminum toxicity

e rendering an initial result before therapy
with bisphosphonates in patients with docu-
mented disturbances, associated with renal
insufficiency, of the bone and mineral balance
(without indicating any evidence).

The histopathologic spectrum comprises
“high turnover” osteitis fibrosa and mixed
uremic osteodystrophy, and “low turnover”
adynamic bone disease and osteomalacia.

Osteitis fibrosa

The leading histologic symptom is a deep, tun-
neling and trabeculae-perforating osteoclasia
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with consecutive endosteal and marrow fibrosis.
The number of osteoclasts is elevated. Those
cells typically have several nuclei and promi-
nent nucleoli. The activated osteoblasts are
often multilayered. Because of the overproduc-
tion of bone matrix, volume and surface oste-
oidosis develops; the osteoid produced is
arranged irregularly. With tetracycline marking,
increased mineralization activity and an
increased mineral apposition rate can be
visualized.

Mixed uremic osteodystrophy

Apart from the symptoms of osteitis fibrosa,
this shows a significant increase in osteoid
surface due to a disturbed mineralization. The
variability of both components is very
important.

Osteomalacia

Because of the mineralization defect and the
increased accumulation of non-mineralized
bone matrix, volume and surface osteoidosis
dominates. The rate of active bone remodeling
entities is low; the bone volume is not reduced.

Adynamic bone disease

This is characterized by a veritable lack of
active bone remodeling cells with consecutive
decrease in bone remodeling. The bone volume
is often reduced.

Therapeutic options

According to the new consideration of chronic
kidney disease-mineral and bone disorder as a
systematic disease, prevention of cardiovascu-
lar events and fractures, and a reduction in
morbidity and mortality can be formulated as
objectives of the therapy [79].

Concerning to the KDIGO recommen-
dations, phosphate binders, calcitriol, active
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vitamin D analogues and calcimimetics are
applied exclusively or in combination. Serum
calcium, serum phosphate, and the PTH values
could be used as control parameters for therapy
initiation and adaption. For interpreting the
PTH value, it is not the absolute amount which
is important but its development in the course
of disease. For patients in stages 3-5D of a
chronic renal disease with serious hyperpar-
athyroidism, without response to medical
treatment, a parathyroidectomy is still recom-
mended (evidence level 2B).

The application of specific osteotropic phar-
maceuticals as bisphosphonates, such as deno-
sumab, strontium ranelat and teriparatid, for
those in whom the fracture inhibiting effects
in the therapy of osteoporosis are proven
cannot be recommended for patients from
stage 3 of a chronic renal disease with labora-
tory findings which indicate a perturbation
associated with renal insufficiency of mineral
and bone balance. The data currently available
are controversial. Multicenter, randomized,
double-blind studies which show fracture pre-
vention have not been carried out. If such
treatment is carried out, a bone biopsy before
therapy initiation is advised.
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Key points

e Incipient or early stages of nephropathy are no
longer a contraindication for pregnancy in women
with diabetes mellitus, and pregnancy does not
aggravate kidney function postpartum in women
with normal serum creatinine.

e The main risks during pregnancy are pre-eclampsia,
intrauterine growth reduction, and preterm delivery.
e These complications may be reduced by strict meta-
bolic control with glycosylated hemoglobin <7% prior
to pregnancy and intensive antihypertensive treat-
ment with angiotensin-converting enzyme inhibitors
until pregnancy is established.

e In women with type 1 diabetes, early antihyper-
tensive treatment during pregnancy in normoten-
sive cases with microalbuminuria and low-dose

aspirin starting before 16 weeks’ gestation might
further improve outcome by reduction of severe
complications.

e In women with type 2 diabetes normalization or
reduction of overweight/obesity before pregnancy,
replacing oral antidiabetic drugs or GLP-1 analogues
with insulin and evaluation of concomitant drugs is
mandatory.

e \WWomen with advanced stages of nephropathy
need careful counseling from specialists in diabetol-
ogy, nutrition, obstetrics, nephrology, transplantation,
cardiology, and neonatology.

* A baby take-home rate of 90-95% in pregnancies
of women with nephropathy is attainable in a special-
ized care network setting.

Diabetic nephropathy is one of the most fre-
quent microvascular complications of type 1
diabetes and type 2 diabetes. Outside preg-
nancy, diabetic nephropathy is defined by
internationally accepted criteria and classifi-

cation of its stages [1-3]. During pregnancy
this approach is less clear because pregnancy-
specific complications like pre-eclampsia are
characterized by proteinuria and hyperten-
sion. So, differentiation of diabetic nephropathy
from complications during pregnancy could be
difficult.

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

129

asueo1 sLowwoo anEa1D 3|ged1 dde aU) Aq poueA0 918 S 1L YO 88N 0S|I 10} ARIGIT BUIIUO A3 UO (SUO1IPUOD-PLE-SLLLBIW0D /B !M'AHJQ!BU!IU@'DLI) SUONIPUOD PUE LWL | 8L} 39S *[9202/20/8Z] U0 Areiq178UIIUO ABIM ‘TRULIDUID JO AISIAIUN AQ /10p/W00 A |IM ARRAq 1 PUIUO//SANY WOl peanumoa



Diabetes, pregnancy and the kidney

Historical perspective

Twenty to 30 years ago, a women with overt
diabetic nephropathy was advised not to
become pregnant due to the risk of severe, life-
threatening health problems induced by preg-
nancy. Manifest diabetic nephropathy with
increased serum creatinine, decreased glomer-
ular filtration rate (GFR), and proteinuria
had been considered medical contraindica-
tions for pregnancy. Manifest nephropathy
with reduced kidney function showed serious,
sometimes life-threatening, risks for the mother
(e.g., acute renal failure in the course of severe
pre-eclampsia) and the fetus (e.g., intrauterine
fetal death). To date, the lowest rates of peri-
natal mortality in pregnancies from type 1
diabetic women have been reported from spe-
cialized clinical centers [4,5]. Outpatient man-
agement by experienced teams does not impair
neonatal outcome compared with hospital
care [6]. With regard to the mother’s risk,
reports from Finland with 972 births of women
with type 1 diabetes during 1975-1997 showed
a more than 100-fold increase in maternal
mortality rate compared with the general pop-
ulation (0.51% versus 0.0047%) [7].

For quality management, all pregnancies of
women with known diabetes should be regis-
tered with standardized parameters to compare
the pregnancy outcome on an international
basis. Today, in centers with specialized care for
pregnant women with diabetic nephropathy,
perinatal mortality is about 5% [8]. However,
this is still 10 times higher than in the general
population in industrial countries. The main
reason is preterm delivery, often preceded by
pre-eclampsia. With the wide distribution of
urine albumin measurement, a more differenti-
ated picture appeared for the courses and
results of pregnant diabetic women [9].

Health aims

The St. Vincent declaration, published by the
European sections of WHO and IDF in 1989,

130

intended to bring the outcome of pregnancies
with diabetes to the level of the background
population within 5 years [10]. This aim was
not fulfilled until 1994. In 1999, a new aim was
set by WHO Europe to improve the outcome
by approximately one-third until the year 2020
[11]. The various structures of health care avail-
able in different countries make comparison of
pregnancy complications and associated out-
comes difficult.

During pregnancy, there are some profound
physiologic adaptations to kidney function
such as lower serum creatinine and lower uric
acid levels as well as increase in glomerular
filtration rate (GFR). This should be considered
when interpreting laboratory results. Specific
reference values for diabetic pregnant women
for serum creatinine and GFR have not been
established. Furthermore, there are decisive
parameters of cardiovascular risk change during
pregnancy: blood pressure is lower and blood
lipids are higher.

Of patients with type 1 diabetes, 12.6-54% will
develop clinically relevant nephropathy after
7.3-18 years of diabetes duration [12-14]. In a
population-based cross-sectional analysis neph-
ropathy was found in 3% of women with type
1 diabetes [15]. Therefore, diabetic nephropa-
thy is a function of diabetes duration. When
type 1 diabetes becomes manifest during child-
hood or adolescence, the probability of overt
nephropathy rises in the reproductive years.
Notwithstanding, 10 years after diagnosis
the prevalence rate is 25% for microalbuminu-
ria, 5% for macroalbuminuria, and 0.8% for
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increased serum creatinine, but the frequent
delay in diagnosis of type 2 diabetes has to be
kept in mind when counseling patients [16]. A
large cohort study covered a 40% prevalence of
microalbuminuria [17]. Data on diabetic neph-
ropathy and pregnancies in type 2 diabetes
show 1.4% overt nephropathy in Japan [18],
and 13% microalbuminuria and 0% mac-
roalbuminuria in Denmark [19]. Thus, neph-
ropathy is of clinical relevance in pregnancies
predominantly for women with type 1 diabe-
tes. It should be mentioned that even leading
clinical centers have seen only a few pregnant
women with type 1 diabetes and advanced
nephropathy (<5 per year) because of rare
occurrence [20-22].

How can nephropathy be diagnosed in preg-
nancy? For pregnant women it may be difficult
to collect a 24-hour urine specimen. The evi-
dence for alternative measurements from
spontaneous urine specimens is good. The
mean average value from twice repeated meas-
urements of normoalbuminuria in spontane-
ous urine (collected at arbitrary times during
the day) showed a high correlation in women
with type 1 diabetes [23] with mean average
albuminuria results from two 24-hour urine
sample collections (sensitivity 83%, specificity
100%, positive predictive value 100%, negative
predictive value 97%). The results for random
urine samples are reported as the albumin-
creatinine ratio.

It is well accepted that albuminuria is suit-
able as a warning system for the development
of nephropathy early in the course of diabetes.
Today there is evidence that microalbuminuria
can also be detected at a considerable percent-
age in the non-diabetic general population.
The prevalence of microalbuminuria in patients
with arterial hypertension (without diabetes)
has been reported to be 7% in Groningen, the
Netherlands, (macroalbuminuria 0.2%), and
8% in the US population [24]. In recent times,
albuminuria also applies as a predictor for the
development of renal insufficiency or cardio-

Diabetes, pregnancy and the kidney

vascular complications in patients without
diabetes.

Measurement of albuminuria may be
affected by
e exercise [25]
e urine infections, fever
e excessive protein content in meals
e elevated blood pressure
e decompensation of diabetes control.
When serum creatinine is measured today, an
estimated GFR is automatically given on the
basis of the serum creatinine, age, sex, and race
according to the Modification of Diet in Renal
Disease formula. This estimate is not accurate
in pregnancy [26]. So measurement of 24-hour
urine creatinine clearance (CrCl) in the (first)
assessment of diabetic nephropathy during
pregnancy is preferable.

In the long run, pregnancies or the number
of births have no adverse influence on the
development or progression of diabetic neph-
ropathy in type 1 diabetes [27,28]. There-
fore, women under optimal metabolic control
and no signs of incipient or overt nephropathy
or other microvascular complications may
become pregnant without concern and do not
need to restrict the number of their children.
The decrease in CrCl in diabetic nephropathy
was 3.2mL/min/year after pregnancy com-
pared with 3.4mlL/min/year in women who
were not pregnant, and was not significantly
different [22].

Besides the generally recognized risk factors
for the development of diabetic nephropathy
[29], one study in women with type 1 diabetes
showed evidence that using oral hormonal
contraceptives versus not-using led to mac-
roalbuminuria after a median follow-up of 20.7
years (range 1-24 years) in 18% versus 2%,
adjusted relative risk 8.9 (95% CI 1.79-44.36,
p =0.008) [30].
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Nephropathy stages 1la and 1b are associated
with increased risk of pre-eclampsia. Micro-
albuminuria versus normoalbuminuria is the
best predictor for pre-eclampsia (58% versus
7%) [31]. Additional self-measurement of
blood pressure or 24-hour blood pressure
profiles did not improve predictive value.
However, a Spanish group demonstrated that
self-monitoring of blood pressure may be
useful in normotensive pregnant women with
type 1 diabetes in contrast to non-diabetic
women [32]. A systolic blood pressure during
night-time >105 mmHg in the 24-hour profile
during the second trimester was the best pre-
dictor for pregnancy-induced hypertension:
sensitivity 85%, specificity 92%, positive pre-
dictive value 87%, negative predictive value
95%, relative risk 6.1.

The frequency of preterm births is increased
at the level of microalbuminuria: normoalbu-
minuria 35%, microalbuminuria 62%, overt
nephropathy 91% [33]. This was also con-
firmed for the rate of small for gestational
age (SGA) newborns: Normoalbuminuria 2%,
microalbuminuria 4%, overt nephropathy 45%;
in this study the rates of pre-eclampsia were
as follows: normoalbuminuria 6%, microalbu-
minuria 42%, overt nephropathy 64%. In preg-
nant women with type 1 diabetes and
microalbuminuria, cases of so-called transitory
nephrotic syndrome have been described
with protein excretion >3g/day in the third
trimester without change in kidney function
parameters—postpartum  protein excretion
returned to normal [34].

In a Danish study two cohorts of pregnant
women with microalbuminuria were com-
pared after intensifying the antihypertensive
management strategy [35]. In the second
cohort, the women received methyldopa with
a target of blood pressure <140/90 mmHg start-
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ing before 20 weeks of pregnancy. The fre-
quency of preterm birth could be reduced
significantly from 23% to 0% accompanied by
a clinically meaningful (but not significant)
reduction in pre-eclampsia from 42% to 20%.
The progression of diabetic nephropathy (estab-
lished with progression of albuminuria) versus
no progression was also associated with a sig-
nificantly higher rate of preterm birth (OR 7.7;
95% CI 1.3-46.9) [36].

To date, to our knowledge, the largest
population-based investigation in women with
type 1 diabetes has come from Denmark [37]. All
pregnancies of Danish women were included
in a register of the Danish Diabetes Association
were prospectively entered in 1993-1999 (n =
1215). The women delivered in eight centers;
in total 846 pregnancies with normoalbuminu-
ria (n = 762) versus microalbuminuria (n = 84)
and without antihypertensive therapy in early
pregnancy were analyzed.

Prevalence of microalbuminuria was 10%
in the first trimester, the median diabetes
duration was 11 years, and the median glyco-
sylated hemoglobin (HbAlc) in the third
trimester was 6.6%. The prevalence of pre-
eclampsia and preterm delivery were 40% and
13%, respectively, both significantly higher in
the microalbuminuria group than in the nor-
moalbuminuria group (12% and 6%). In the
general Danish population, pre-eclampsia is
found in 2.6%. After adjustment for confound-
ers, significant predictors for pre-eclampsia
were microalbuminuria (OR 4.0; 95% CI 2.2-
7.2), nulliparity (OR 3.1; 95% CI 1.9-5.1), and
HbA1lc in the third trimester (OR 1.3; 95% CI
1.1-1.5 per 1% absolute increase). In the mul-
tivariate analysis, only HbAlc, but not micro-
albuminuria, was predictive of delivery before
34 weeks of pregnancy, and pre-eclampsia
increased the risk threefold.

Advanced stages of nephropathy are asso-
ciated with high fetal and neonatal risks. This
affects premature birth (30%) [21], fetal growth
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restriction, intrauterine death [38], and perinatal/
neonatal mortality. In a follow-up study, 22% of
liveborn children were re-examined after an
average 4.5 years (range 0.4-10 years); children
of mothers with overt nephropathy more often
showed a delay in psychomotor development,
classified as severe in 11% [21].

Further prognostically meaningful data
for the mother should be taken into account
for risk evaluation and counseling besides
increased rates of induction and cesarean sec-
tions. Thirty-five percent of mothers with
nephropathy died on average 16 years after
pregnancy (range 3-28 years), and 19% reached
the kidney failure stage [22]. In a review of
published series, 45% of women with a mildly
decreased GFR of 60-89mL/min went to the
final stage of renal disease by 12 years postpar-
tum [39]. Kimmerle et al. [21] reported a rate
of 11% maternal deaths, and 22% for women
started on dialysis. In another study the SGA
frequency was 24% [40]; of these, 57% of the
children were born prior to 37 weeks. All chil-
dren were transferred to neonatal intensive
care, and the perinatal/neonatal mortality was
10%. In a further cohort, every tenth woman
with advanced nephropathy developed massive
proteinuria, and had to start dialysis after
preterm delivery [20]. Pregnancies in diabetic
women during hemodialysis or continuous
ambulant peritoneal dialysis (CAPD) are very
rare [41].

Frequencies of fetal growth retardation and
premature births were higher in women with
nephropathy than after renal transplant. Preg-
nancies in women with type 1 diabetes after
kidney transplant [41-43] or combined kidney
and pancreas transplant have been reported
[44,45]. After kidney transplant the rate of pre-
mature birth <34 weeks was about 35%, the
frequency of malformations was about 5.4%.
After combined transplant (37 women, 53
pregnancies) the mean duration of gestation
was 34 weeks and mean birth weight was

Diabetes, pregnancy and the kidney

2130g; 75% of the women developed hyper-
tension (33% pre-eclampsia); and the outcome
shows 80% live births in 52% of cesarean sec-
tions, and in 17% of the cases transplant loss
was seen within 2 years [46].

In contrast to earlier recommendations,
women should not wait at least 2 years after
transplant before planning a pregnancy, a
period of 1 year might be sufficient [47]. Since
the primarily reduced fertility improves after
kidney transplant, reliable contraception is
recommended in the first year after trans-
plant [48]. The most important reasons are
a diminution of immunosuppressive medi-
cation, decrease in renal rejection risk, and
stabilization of kidney function. A recently
published meta-analysis reported the results of
4706 pregnancies for 3570 recipients of a
kidney transplant. The general live-birth rate
was 73.5%, abortion occurred in 14%, pre-
eclampsia in 27%, and 56.9% of the women
were delivered by a cesarean section [49].

Women should be counseled about the huge
benefit of exact and extensive evaluation
and treatment of diabetes complications and
accompanying diseases at the time of planning
a pregnancy. Her partner should participate in
the discussion. One should reckon that a larger
number of women with established nephropa-
thy are already pregnant when they present at
the first visit.
The following aspects should be analyzed:

periconceptional HbAlc in target <7%
e supplementation of folic acid started

severe hypoglycemia in the last year

sufficient diabetes education
e psychosocial situation, kind of work

retinopathy stage; fundus hypertonicus
e autonomic neuropathy
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e clinical signs of macroangiopathy

® anemia

e sufficient management of hypertension;
hypertensive heart disease

e quantification of proteinuria

e signs of secondary renal hyperparathy-
roidism; osteoporosis

e compensation for metabolic acidosis be
effective

e signs of thyroidal dysfunction; thyroid per-
oxidase antibodies provable

Pregnant women should be informed about
the following topics:

e diabetic nephropathy is not a contraindica-
tion per se for pregnancy

e risk is increased when serum creatinine is
1.5mg/dL (1.33pmol/L) or higher, GFR is less
than 60-75mL/min per 1.73m? measured with
CrCl, and blood pressure is 2140/90mmHg
with multiple medication and intensive support
e pregnancy should be avoided in advanced
hypertensive heart disease with reduced left
ventricular function, and after myocardial inf-
arction or stroke

e women with stage 4 or 5 nephropathy
should be informed about the options of
improved course of pregnancy after renal
transplant from a nephrologist and a specialist
in transplant medicine

e while planning a pregnancy and during
pregnancy albuminuria should be evaluated
repeatedly to estimate pre-eclampsia risk

e women with type 1 diabetes on oral contra-
ceptives should be observed carefully for
increase in albumin excretion

e women with nephropathy and arterial hyper-
tension before 20 weeks of gestation should be
managed to a target <140/90mmHg

* in normotensive women with microalbu-
minuria management with methyldopa might
reduce very preterm birth <34 weeks

e prescription of low-dose aspirin should be
decided in individual high-risk cases for pre-
eclampsia; aspirin is then started before 16
weeks.
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The treatment and support of pregnant
women with diabetic nephropathy is complex
and should be guided by established recom-
mendations and guidelines based on actual
and weighted evidence [39]. Before concep-
tion, HbA1lc should be stabilized at <7% for at
least 3 months; the blood pressure target is
<140/90mmHg, and women should start with
800ug of folic acid supplementation per day
after stopping contraception.

Medical nutritional therapy

Normal weight women may choose their daily
calories and quantity of carbohydrates accord-
ing to their personal needs. Women with type
2 diabetes are often overweight or obese, thus
calorie restriction before and during pregnancy
is important. Daily calories should not be less
than 1600-1800 kcal. To rule out hypocaloric
food, occasional urine ketone monitoring is
helpful. All pregnant women receive informa-
tion on preferable weight gain ranges and
weight targets based on the Institute of Medi-
cine (IOM) guidelines [50]. Women should
weigh themselves without clothes once weekly
at home and document the results.

Evidence for counseling regarding daily
protein intake is weak. In the early stages of
nephropathy with microalbuminuria, restric-
tion of daily protein is not recommended.
With advanced nephropathy (stage 2 and
higher) restriction of daily protein intake
should be weighed against the risk of loss of
muscle mass of the pregnant women and
undernutrition of the fetus. Daily intake of
1.1g of protein per kg body weight should be
achieved [39]; a protein intake of about 10%
of total daily calories is currently recom-
mended for adults. The daily intake of protein
should not be less than 60g per day. A daily
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amount of protein <0.6g/kg body weight
increases the risk of deficiency in essential
amino acids [1].

Iron need not be supplemented unless
hemoglobin is <11.0g/dL in the first trimester
and <10.5g/dL in the second trimester, and
the blood count shows evidence of iron defi-
ciency. In cases of severe anemia of renal
origin, discussion with the nephrologist is
mandatory to decide if starting erythropoietin
is advisable.

Insulin

Insulin is given as intensified conventional
therapy or as a continuous subcutaneous
insulin infusion. Women with type 2 diabetes
on oral antidiabetic agents should preconcep-
tionlly switch to insulin. Human insulin is the
medication of first choice. Insulin analogues
do not offer advantages with respect to preg-
nancy outcome. Women with preconceptional
therapy with the short-acting insulin analogue
aspart or the long-acting insulin detemir may
continue during pregnancy, since randomized
studies with aspart and detemir have proved
their safety in pregnancy [51-54].

Women with type 1 diabetes and nephropa-
thy usually have longer diabetes duration.
Therefore, it is important to re-evaluate further
micro- and macrovascular complications during
pregnancy. Often hypoglycemia requiring help
from another person and hypoglycemia una-
wareness underlying by autonomous neu-
ropathy are found. Lower targets for blood
glucose and HbAlc in pregnancy should be
weighed against the risk of hypoglycemia in
the mother.

Arterial hypertension

Because of their nephroprotective effect, imped-
ing influences on profibrogene, and proin-
flammatory effect of angiotensin II, diabetic
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patients in general take angiotensin-converting
enzyme inhibitors and AT1-blockers as the
therapy of choice. The drugs can reduce or
stabilize excess albuminuria. During pregnancy
there is clear evidence that the drugs have feto-
toxic effects, whereas their teratogenity is
somewhat controversial [55]. The latest results
show that hypertension per se—independently
of the kind of drugs used—is associated with
malformations, which has also been confirmed
in hypertensive women without therapy [56].
However, for safety reasons a shift to methyl-
dopa is recommended preconceptionally, if
necessary in combination with metoprolol and
calcium channel blockers like nifedipine. Expe-
rience from centers for diabetes and pregnancy
show that continuing diuretic therapy started
before pregnancy is without further risk.
During pregnancy, starting diuretic therapy
has to considered very carefully since reduced
intravasal blood volume may cause decreased
placental blood flow and undersupply of the
fetus. The blood pressure target should be 110-
129 mmHg systolic and 65-79 mmHg diastolic
whenever possible.

Dyslipidemia, smoking

During pregnancy lipid-lowering drugs like
statins, fibrates, nicotinic acid, and ezetimibe
must be stopped because they are not approved
in pregnancy or show increased fetal risk. If
dyslipidemia has been diagnosed previously, a
lipid profile at the beginning of pregnancy
should be evaluated. There is no evidence that
interruption of lipid-lowering therapy during
pregnancy will modify cardiovascular risk.
During pregnancy, blood lipids increase sub-
stantially [57]. In women with triglycerides
>1000mg/dL, therapy is indicated to reduce
the risk of acute pancreatitis. Fish oil capsules
and a low-fat diet are of advantage to attain
n-3 fatty acid intakes of 3-9 g/day. Therapeutic
options as secondary strategies are medium-
chain triglycerides, total parenteral nutrition,
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fibrates, and extended release niacin. It is
essential to stop cigarette smoking as soon as
possible.

Exercise

Pregnant women with diabetic nephropathy
should be advised to take regular exercise. Brisk
walking of at least 3 x 30 minutes per week
is advisable and easily feasible. Medical and
obstetric contraindications have to be taken
into account. There is no clear evidence to
what extent exercise could improve metabolic
control, but women definitely profit from
better physical fitness in the third trimester
and intrapartum.

Acute diabetes-specific complications
Hypoglycemia

Severe hypoglycemia requiring help from an-
other person is seen predominantly in women
with type 1 diabetes until 20 weeks of gestation
[58]. If nephropathy accelerates with increas-
ing deterioration of kidney function, the daily
insulin demand may decrease because of
reduced renal insulin clearance.

Diabetic ketoacidosis

During pregnancy diabetic ketoacidosis is a
rare and life-threatening complication. It may
occur in women on insulin pump therapy, e.g.,
when the insulin catheter is unintentionally
disconnected. Admission to hospital is manda-
tory. The absolute level of blood glucose does
not reflect the stage of metabolic acidosis.
Ketoacidosis is confirmed by further laboratory
investigation such as B-OH-butyrate in blood,
arterial pH, and base excess.

Pre-eclampsia

Pre-eclampsia is a common pregnancy-specific
disorder characterized by elevated arterial
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blood pressure and excess proteinuria with
onset after the 20th week of pregnancy. If ele-
vated blood pressure shows no concomitant
proteinuria, it is defined as gestational or
pregnancy-induced hypertension. Elevated
arterial blood pressure before 20 weeks of preg-
nancy is defined as chronic arterial hyperten-
sion. If chronic arterial hypertension or
another underlying disease with hypertension
or proteinuria is followed by pre-eclampsia, the
term is superimposed pre-eclampsia. Pre-
eclampsia is differentiated into mild and severe
forms. Pre-eclampsia is an important cause of
maternal and fetal morbidity and mortality
worldwide, affecting 5-8% of pregnancies [59].
The risk of developing pre-eclampsia during
pregnancy is substantially higher in diabetic
women and affects all types of diabetes. Hyper-
tension and proteinuria may persist up to 6
weeks after pregnancy, and about 10-15% of
pre-eclampsia first occurs after pregnancy [60],
accompanied by typical symptoms.

The etiology of the disease is multifactorial
and still not completely explained. In cases of
severe pre-eclampsia delivery is effective, often
life-saving treatment. The majority of the cases
of pre-eclampsia show abnormal maternal
uterine vascular remodeling by fetal trophob-
last cells (extravillous cytotrophoblasts). The
cytotrophoblasts move from the fetal compart-
ment into the mother’s compartment, that is
endometrium and myometrium, via interstitial
invasion. Some of the trophoblasts enter the
wall of the maternal uterine spiral arteries and
replace the endothelial vessel cells, becoming
endovascular cytotrophoblasts. As a conse-
quence, spiral arteries shift from resistance
vessels to compliance vessels with increasing
blood flow into placental blood spaces. In the
placenta of pre-eclamptic women, interstitial
invasion of cytotrophoblast cells is incomplete
and shallow, remaining in the basal plate
attached to anchoring villi. Endovascular
invasion fails, and the spiral arteries remain
resistant and “stiff.” To restore placental blood
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flow, systemic blood pressure is increased. Pre-
eclampsia is associated with endothelial dys-
function and cardiovascular risk later in life
[61].

Analysis of all 650000 pregnancies in Ger-
many in 2006 showed that gestational diabe-
tes, preconceptional overweight/obesity, and
excessive weight gain during pregnancy are
associated with a significant pre-eclampsia
risk. The same has been found in women with
social deprivation and increased psychosocial
stress [62]. A Dutch analysis of all 364 pregnan-
cies in the year 1999/2000 in women with type
1 diabetes showed a rate of pre-eclampsia of
12.7%, corresponding to a 12-fold increased
risk compared with the general population of
197000 pregnancies [63]. A study from England
found an increased rate of pre-eclampsia in
pregnant women with type 1 diabetes and
vascular complications (OR 3.5; 95% CI 1.28-
9.53) as well as an increased frequency of
fetal growth reduction (OR 6.0; 95% CI 1.54-
23.33) [64].

A Swedish study confirmed a fourfold
increased prevalence of pre-eclampsia com-
pared with the general population at a rate of
20.6%. The authors demonstrated that insuf-
ficient metabolic control (high HbAlc) early in
pregnancy in women with normoalbuminuria
led to higher risk of pre-eclampsia [65]. An
investigation from Finland of 683 consecutive,
non-selected pregnancies of type 1 diabetic
women without nephropathy compared with
854 matched controls reached the same con-
clusion [66]. The rate of 12.8% versus 2.7% for
pre-eclampsia was significantly higher (OR 5.2;
95% CI 3.3-8.4). The adjusted odds ratio for
pre-eclampsia was 1.6 (95% CI 1.3-2.0) for
each 1% absolute increment in the HbAlc
value at 4-14 weeks of gestation (median 7
weeks) and 0.6 (95% CI 0.5-0.8) for each 1%
decrement achieved during the first half of
pregnancy.

Meanwhile the influence of pre-eclampsia
on the later risk of renal disease has been inves-
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tigated. In a meta-analysis with a mean follow-
up time of 7.1 years, 273 women with pre-
eclampsia were compared with 333 women
without pre-eclampsia [67]. The rate of micro-
albuminuria was 31% versus 7%. The results
were confirmed in Helsinki, Finland, in 203
women with type 1 diabetes from the years
1996-1998 and a mean follow-up of 11 years
[68]. Women who had pre-eclampsia during
pregnancy developed diabetic nephropathy in
41.9% versus 8.9% (p <0.001). Furthermore,
the women had a higher prevalence of coro-
nary heart disease (12.2% versus 2.2%,
p=0.03).

Diagnostic criteria of pre-eclampsia

e Arterial hypertension >140mmHg systolic
and/or >90mmHg diastolic, first established
after 20 weeks of gestation, minimum two
elevated measurements at least 6 hours apart
during bed rest.

e Proteinuria >300mg/day or 2+ protein in at
least two consecutive urine samples.

Severe pre-eclampsia is defined if in addition
one, or more, of the following criteria is pre-
sent [69]:

e blood pressure 2160mmHg systolic and/or
>110mmHg diastolic, minimum of two ele-
vated measurements at least 6 hours apart
during bed rest

e proteinuria >5 g/day or 3+ protein or greater
in 2 random urine samples at least 4h apart

e oliguria (<500mL/24 hours)

e cerebral or visual disturbances

e pulmonary edema or cyanosis

e epigastric or right upper-quadrant pain

e impaired liver function

e thrombocytopenia

e fetal growth restriction.

A specific variant of severe pre-eclampsia is
HELLP syndrome. Abdominal pain is clinically
important, and diagnosis is confirmed with
blood analysis.
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The acronym HELLP stands for
e hemolysis
e elevated liver enzymes
e low platelet count (thrombocytopenia)
Eclampsia is characterized by seizures and
status epilepticus with risk of intracerebral
hemorrhage followed by permanent neuro-
logic deficit or exitus letalis.

Different strategies for prevention of pre-
eclampsia have been examined. All attempts to
decrease oxidative stress by supplementation
of vitamin C and vitamin E have been unsuc-
cessful [70,71]. In 1998 the often cited work
of Caritis et al. [72] was published, who exam-
ined in a randomized, double-blind, placebo-
controlled study the effect of low-dose aspirin
(60mg) to prevent pre-eclampsia in pregnant
women at high risk. The complete study popu-
lation comprised 2539 women and involved
471 preconceptional insulin-treated diabetic
women as the high-risk group. Neither the
incidence of pre-eclampsia nor perinatal out-
come was improved significantly. Although
later observational studies showed positive
results, a general recommendation on prophy-
lactic aspirin was held back until two meta-
analysis in 2007 proved a reduction in the
incidence of pre-eclampsia of about 20%, inde-
pendently of when aspirin had been started
during pregnancy [73,74].

Starting aspirin after 16 weeks of gestation
showed no decrease in pre-eclampsia (10.3%
versus 10.5%). All studies with aspirin starting
before 16 weeks were limited to pregnant
women with moderate or high risk. As a result
of the meta-analysis, the authors stated that
low-dose aspirin started before 16 weeks could
reduce the occurrence of pre-eclampsia by
more than a half. There are various opinions
on the length of time aspirin should be taken
during pregnancy. Whereas some authors rec-
ommend aspirin up to delivery, others remove
aspirin some weeks before delivery to mini-
mize bleeding risk. Therefore, decisions should
be made on a case-by-case basis.
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The prognosis of diabetic pregnancies is
improved by optimal metabolic control during
childhood and adolescence. Today, immedi-
ately after diabetes diagnosis in type 1 diabetes
intensive conventional insulin therapy or CSII
is started at all ages. With this strategy, early
stages of nephropathy with microalbuminuria
and arterial hypertension could be primarily
prevented. In type 2 diabetes, it is impor-
tant to reduce obesity before pregnancy and
manage hypertension to target. If there is
already a diagnosis of nephropathy, one should
achieve strict metabolic control prior to
pregnancy with HbAlc levels <7% and inten-
sive antihypertensive treatment to a target
of <140/90mmHg with ACE inhibitors until
pregnancy is confirmed. Early use of low-dose
aspirin is promising for lowering the risk of
pre-eclampsia. Women with advanced stages of
nephropathy with a GFR <60 mL/min/1.73 m?
or difficulties with management of hyperten-
sion should be referred to a center experienced
in diabetic renal disease and pregnancy offer-
ing complete diagnostic and therapeutic equip-
ment in close cooperation with an obstetric
and neonatology department.
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Diabetic nephropathy in children
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Key points

e The development of diabetic nephropathy begins
at the onset of diabetes.

e There is a substantial prevalence of clinically mani-
fest diabetic nephropathy in children and adolescents.
¢ In young adults with type 1 diabetes, the preva-
lence of manifest diabetic nephropathy (macroalbu-
minuria without or with renal failure) is 10%.

e Main risk factors are the duration of diabetes, poor
glycemic control, adolescent-onset diabetes (puberty),
and hypertension.

e Regular screening for microalbuminuria is manda-
tory and allows early detection of diabetic nephropathy.
e |In case of albuminuria, nephrological work-up in
children and adolescents includes history, family history,
physical examination, ultrasound of the kidneys and

urinary tract, microscopic examination of the urine,
albumin, immunoglobulin G and o-1-microglobulin in
spot urine, 24-hour urine collection carried out sepa-
rately day and night for total protein quantification,
and at least a blood count and determination of
serum electrolytes, creatinine for calculation of
glomerular filtration rate, BUN, albumin, total protein,
C3 complement and C4 complement.

e Progression of clinically manifest diabetic neph-
ropathy can be retarded, stopped, or even reversed
by good glycemic control as well as adequate anti-
proteinuric and antihypertensive treatment.

e Angiotensin converting enzyme inhibitors or angi-
otensin Il receptor type 1 blockers are the first-choice
drugs for therapy.

Diabetes mellitus is one of the most frequent
chronic diseases in childhood and adolescence.
Type 1 diabetes is most common and accounts
for at least two-thirds of all cases, and type 2

for about one-sixth of all cases [1]. As type 1
diabetes is diagnosed early, the development
of diabetic nephropathy is well understood.
However, although early diagnosis and im-
proved treatment has resulted in declining in-
cidence of macroalbuminuria [2], the long-term
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prognosis of childhood- and adolescent-onset
type 1 diabetes is still poor. Ten percent to 30%
of patients show microalbuminuria about 15
years after diagnosis, and 20-40% of patients
with microalbuminuria will develop mac-
roalbuminuria over the next 5-10 years [2-5].
The prevalence of clinically manifest diabetic
nephropathy is about 1% in children and
adolescents and, even more important, about
10% in young adults [4, 5]. Macroalbuminuria
is a precondition for declining renal function
due to diabetic nephropathy. When renal func-
tion declines [glomerular filtration rate (GFR)
<60mL/min/1.73m?], there is a high risk for
end-stage renal disease (ESRD) requiring renal
replacement therapy. The main risk factors are
duration of diabetes, poor glycemic control,
adolescent-onset diabetes, and hypertension.
Regular screening for microalbuminuria is man-
datory and allows early detection of diabetic
nephropathy [6]. In case of albuminuria, neph-
rological work-up in children and adolescents
should include consultation of a pediatric ne-
phrologist. Progression of clinically manifest
diabetic nephropathy can be retarded, stopped,
or even reversed by good glycemic control as
well as adequate antiproteinuric and antihy-
pertensive treatment [6]. As there are tremen-
dous differences between adults compared with
children and adolescents, different standards
of care have to be applied [7].

As the majority of cases are due to type 1 dia-
betes, a diagnostic advantage of most children
and adolescents is the manifestation of diabe-
tes with significant symptoms. Therefore, the
development of diabetic nephropathy is well
understood in type 1 diabetes. The prevalence
of albuminuria is substantial in children and
adolescents, but alarming in young adults with
onset of diabetes in childhood or adolescence.

144

In a prospective study performed in Germany
and Austria, 3.3% out of 27805 patients
(median age 16.3 years, range 12.5-22.2 years)
with type 1 diabetes mellitus showed micro-
albuminuria and 0.3% showed macroalbu-
minuria [8] according to the guidelines of
the American Diabetes Association [6]. The
prevalence of ESRD requiring dialysis or renal
transplantation was 0.7% (203 out of 27805
patients) [8]. A longitudinal study assessing
patients aged 17-25 years with a medium dia-
betes duration of 10 years, and a follow-up
assessment 11 years later in Oxford described
a rise in micro- and macrovascular complica-
tions in patients from 3% to 37% [4]. The
prevalence of microalbuminuria was 6-21% at
follow-up; macroalbuminuria was detected in
8-11%, and dialysis in 2% of patients [4, S].

Type 2 diabetes is still relatively rare in chil-
dren and adolescents, but the prevalence is
rising concomitantly with the rising preva-
lence of adiposity [1]. With respect to diabetic
nephropathy, children with type 2 diabetes
have a much higher risk than children with
type 1 diabetes. Type 2 diabetes is diagnosed
later as it manifests slower, and chronic kidney
disease (CKD) may already have developed
in the prediabetic state. Additionally, patients
may have comorbidities from the spectrum
of the metabolic syndrome which may induce
kidney damage, particularly hypertension [9].
Among young adults, there is a consider-
able number of patients with decreased GFR
but normal urinary albumin excretion, includ-
ing patients with type 2 diabetes and type 1
diabetes.

As there are rare cases of declining renal
function without microalbuminuria in diabetic
children and adolescents, annual measure-
ments of serum creatinine and calculation of
GFR in addition to the urine screening after at
least 5 years of diabetes duration are recom-
mended [9, 10]. Whether CKD was due to
diabetic nephropathy in the studies men-
tioned above, however, is unclear because

a5U9017 s‘.uowwoo aAIIea1D 9|ceat|dde ay) Aq peusenob aJe S9ILe YO ‘85N J0 S9|NJ Joj Aleiq1 SUIIUQO AS|IA UO (SUONIPUOI-PUE-SWB) WD A9 !M'/‘HJQ!BU!IU@DLI) SUONIPUOD PUe SIS 1 8y} 89S *[9202/20/82] U0 Akeiqiauliuo AB|IM ‘Ireuupuld JO AisieAlun Aq /iopwodAa|im Aselq puluo//sdny wo.j peanumoa



renal biopsies were not performed. Neverthe-
less, as signs of diabetic glomerulopathy in
kidney biopsies can be present without micro-
or macroalbuminuria, low GFR may be due to
diabetic nephropathy even in the absence of
albuminuria [11].

The main risk factors are duration of diabetes,
poor glycemic control, adolescent-onset diabe-
tes, puberty, and hypertension [12, 13]. Addi-
tional risk factors may be a family history
of essential hypertension or cardiovascular
disease, smoking, adiposity, and dyslipidemia
[14, 15]. Microalbuminuria is the first sign of
diabetic nephropathy in almost all patients
and a strong risk factor for the development of
macroalbuminuria. As microalbuminuria does
often appear without hypertension, blood
pressure measurements are not sufficient to
recognize diabetic nephropathy [16]. However,
hypertension may become manifest because
of diabetic nephropathy as early as in the
micoalbuminuric state and is a risk factor for
accelerated disease progression [17, 7]. The
importance of good glycemic control for the
prevention of vascular complications of diabe-
tes in children, adolescents, and young adults
has been clearly shown [18]. At an glycosylated
hemoglobin (HbAlc) above 9.6%, the risk of
clinically manifest nephropathy increases sub-
stantially [19]. Intensive treatment may yield
better results than conventional therapy [12].
However, the mode of therapy is no risk
factor itself, as optimized conventional therapy
achieves equal glycemic control [20]. Adiposity
is a vascular risk factor per se [21], even more
so in the presence of diabetes [15]. Important
special aspects in adolescents and young adults
are puberty and transition to adult care. During
puberty, malcompliance is strongly promoted,
and the risk for short- and long-term compli-
cations is increased. There are also patients
who do not take enough self-responsibility

Diabetic nephropathy in children

when transferred to adult medicine and are
therefore unable to cope adequately with the
less intense care.

In almost all diabetic patients, the finding of
an increased albumin-to-creatinine ratio will be
the first sign of nephropathy. After confirming
the diagnosis by repeating the measurement in
a sample of first morning spot urine sample,
the question is whether albuminuria is due to
a typical diabetic glomerular microangiopathy
or for another reason [22]. In pediatric nephrol-
ogy, urinary protein excretion over 100mg/
m?/24 hour is classified as proteinuria. Moder-
ate proteinuria is present when the urinary
protein concentration is >100mg/m?/24 hour
and <1000mg/m?/24 hour, nephrotic range
proteinuria (gross proteinuria) is present at
a urinary protein concentration of 21000 mg/
m?/24 hour. It is important to distinguish
between different types of proteinuria. Prerenal
(overflow) proteinuria is extremely rare in
children and adolescents, as it primarily results
from the overproduction of immunoglobulin
light chains due to plasma cell dyscrasia in
older adults. However, performing serum
electrophoresis in a pediatric patient with
proteinuria should be discussed in individual
cases to exclude gammopathy. Renal proteinu-
ria is found in the majority of all cases and
is subdivided into glomerular and tubular
proteinuria. Finally, glomerular proteinuria is
further subdivided into selective and unselec-
tive. Urinary albumin is the main marker
of glomerular protein loss. Urinary immu-
noglobulin (IgG) is an additional marker for
glomerular protein loss. Selective glomerular
proteinuria is present if albumin is excreted
exclusively, unselective glomerular proteinuria
if the proportion of IgG is significant. o-1-
Microglobulin is the main marker for tubular
protein loss. In all cases of diabetic patients in
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which the albumin-to-creatinine ratio is ele-
vated consistently, urinary proteins should be
differentiated to classify the type of proteinuria
exactly.

Urinary protein may be elevated due to exer-
cise (“orthostatic”), stress, infection (especially
urinary tract), fever, hypertension, and signifi-
cant hyperglycemia. Therefore, these condi-
tions have to be ruled out before further
diagnostic investigation. As exercise is a very
common benign cause for proteinuria, com-
plete bladder emptying just before bedtime
and examination of the first morning spot
urine sample is recommended to avoid false-
positive results. A 24-hour urine collection
carried out separately day and night is a more
accurate option, of course, but not recom-
mended for screening because of the great
effort. For the diagnosis of orthostatic pro-
teinuria, it is mandatory that protein excretion
during resting periods is absolutely normal,
but consistently increased after periods in the
upright position or exercise.

Most important nephrological differential
diagnoses are nephritis or nephrosis. Nephritis
typically is associated with either micro-
scopic or gross hematuria, including dysmor-
phic erythrocytes and red cell casts in the urine
sediment, hypertension, and renal failure.
Moderate to heavy proteinuria is also present.
Renal failure may result in retention of water,
edemas, hyperkalemia, acidosis, hyperphos-
phatemia, uremia, and further disorders. Heavy
proteinuria may result in hypoalbuminemia
(<25mg/dL) and additional edemas. Neph-
rosis is associated with gross proteinuria and
hypoalbuminemia (<25mg/dL). Edema and
hypercholesterolemia are often present. Both
nephritis and nephrosis result from glomerular
disease. The most important forms of glomeru-
lonephritis which typically cause nephritis
are postinfectious (e.g., streptococcal infec-
tion), para-infectious, IgA nephritis, Henoch-
Schoenlein nephritis, lupus nephritis, and some
forms of vasculitis. The most important
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forms typically causing nephrosis are mini-
mal change glomerulopathy, focal segmental
glomerulosclerosis (FSGS), and membranopro-
liferative glomerulonephritis. Family history
should be done to check for hereditary nephri-
tis, especially Alport syndrome and hereditary
FSGS.

Because of these differential diagnoses, a
pediatric nephrologist should be involved at
initial diagnosis of proteinuria/albuminuria. A
standard nephrological “proteinuria work-up”
includes history, family history, physical exam-
ination, ultrasound of the kidneys and urinary
tract, microscopic examination of the urine,
albumin, IgG, and a-1-microglobulin in spot
urine, 24-hour urine collection carried out
separately day and night for total protein
quantification, and at least a blood count and
determination of serum electrolytes, creatinine,
urea, albumin, total protein, C3 complement,
and C4 complement. GFR should be calculated
(see Diagnostics, below).

Diagnostics

In all children and adolescents with diabetes,
at least annual screening for albuminuria is
mandatory for early detection of diabetic neph-
ropathy, which is a CKD. Furthermore, blood
pressure measurements at every visit are essen-
tial for detection of high-normal blood pressure
or even hypertension. CKD according to the
National Kidney Foundation [10] is defined as
the presence of kidney damage or decreased
renal function (reduced GFR) for at least 3
months (Table 11.1). Kidney damage means
structural or functional abnormalities of the
kidney, manifest by either pathological abnor-
malities, or abnormalities in the composition
in the blood or urine (including both micro-
and macroalbuminuria), or abnormalities in
imaging tests. Renal function as determined by
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Stages of chronic kidney disease
(National Kidney Foundation — KDOQI 2009 [10])

GFR (mL/

Stage Description min/1.73m?
1 Kidney damage >90

with normal or T

GFR
2 Kidney damage 60-89

with mild L GFR
3 Moderate I GFR 30-59

Severe | GFR 15-29

5 Kidney failure <15 (or dialysis)

Chronic kidney disease is defined as either kidney
damage or GFR <60 mL/min/1.73m? for >3 months.
Kidney damage is defined as pathologic
abnormalities or markers of damage, including
abnormalities in blood or urine tests or imaging
studies. GFR, glomerular filtration rate; T, increased;
1, decreased.

Reproduced from National Kidney Foundation:
K/DOQI clinical practice guidelines for chronic kidney
disease: evaluation, classification and stratification.
Am J Kidney Dis 2002;39:546-564.

GFR may be concurrently increased, normal, or
decreased. Decreased renal function means any
GFR of <60mL/min/1.73m? for >3 months,
with or without kidney damage. Previously,
albuminuria was used as the main parameter
to stage diabetic nephropathy [23]. Today, it is
recommended to determine the degree of CKD
by GFR (stages 1-5, Table 11.1) [9].

The presence and degree of albuminuria can
be assessed in spot urine by measurement of
the albumin-to-creatinine ratio. A dipstick test
is not sufficient to detect microalbuminuria.
The determination of total albumin in a 24-
hour urine collection adds some accuracy com-
pared with the albumin-to-creatinine ratio,
and when carried out at day and night sepa-
rately, it is possible to check for the differential
diagnosis of orthostatic proteinuria. However,
as 24-hour collection is much more complex
and prone to errors by the patient, screening
for albuminuria in previously negative patients

Diabetic nephropathy in children

Definitions of abnormalities in albumin

excretion
Spot collection (ug/mg
Category creatinine)
Normal <30
Microalbuminuria 30-299
Macro (clinical)- >300
albuminuria

Reproduced from National Kidney Foundation:
K/DOQI clinical practice guidelines for chronic kidney
disease: evaluation, classification and stratification.
Am J Kidney Dis 2002;39:546-564.

should be carried out on spot urine samples.
Microalbuminuria (Table 11.2) is diagnosed in
case of urinary albumin excretion of >30-
299mg/24 hour or spot urine albumin-to-
creatinine ratios >30-299ug/mg on least at
two of three occasions over a 6-month period.
Macroalbuminuria (Table 11.2) is diagnosed at
higher albumin excretion levels (=300mg/24
hour or albumin-to-creatinine ratio >300ug/
mg in spot urine) [9]. It is recommended to
measure urinary albumin excretion at least
annually in all patients from the age of 10
years with diabetes duration of 5 years or more
[6]. Other authors recommend annual screen-
ing for microalbuminuria from the age of 9
years if diabetes duration is at least 5 years, and
from 11 years of age if diabetes duration is
at least 2 years [13]. When calculating the
albumin-to-creatinine ratio, it is important to
check for a urinary creatinine of at least 20
mg/dL (1.8mmol/L) to prevent false-positive
results. Calculation of the ratio is done to adjust
the urinary albumin concentration to urine
concentration, both of which vary considera-
bly. Moreover, urinary albumin may be elevated
due to exercise, infection, fever, hypertension,
and significant hyperglycemia.

A pediatric nephrologist should be involved
at least once in cases of albuminuria to exclude
differential diagnoses (for proteinuria work-up
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Diabetic nephropathy in children

see Nephrological differential diagnoses, above).
Adeclinein calculated GFR<90mL/min/1.73 m?
is also an indication for immediately consult-
ing a pediatric nephrologist to exclude other
etiologies of renal failure. In the case of signifi-
cant chronic renal failure <60 mL/min/1.73m?,
a complete nephrological work-up for patients
with CKD should be performed.

As high-normal blood pressure and hyper-
tension are independent risk factors for dia-
betic nephropathy, it is mandatory to measure
blood pressure at least at every visit [7].
However, there is not only the possibility of
clinic blood pressure measurement (CBP), but
also of home blood pressure measurement
(HBP) and ambulatory 24-hour blood pressure
monitoring (ABPM). False-positive results during
CPB due to “white coat hypertension” and
false-negative results due to masked hyperten-
sion are known. After verification by a second
CBP, therefore, ABPM should be performed
whenever possible, as it provides much more
reliable and additional information. Also, HBP
provides more reliable data than CBP and
should be performed if ABPM is impossible
[24]. Blood pressure measurements should be
performed by standardized techniques with
adequate blood pressure monitors and cuffs.
After measurement, the blood pressure percen-
tile should be determined. Hypertension is
defined as an average systolic or diastolic blood
pressure >95th percentile for age, sex, and
height, measured on at least three different
days. High-normal blood pressure according to
the American Diabetes Association (ADA) is
defined as an average systolic or diastolic blood
pressure >90th but <95th percentile and should
also be rated as “elevated” [7]. In case of CKD,
however, there is clear evidence that target 24-
hour blood pressure levels should be in the low
range of normal, that is <50th percentile [25],
to delay disease progression. Therefore, all
blood pressure values >50th to 75th percentile
in these patients are “elevated” (!). Hyperten-
sion or blood pressure rated as elevated is an
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indication for immediate initiation or inten-
sification of a strict and rigorous therapy
regimen. Before initiation of treatment, hyper-
tension due to other causes should be excluded
[7, 25]. For blood pressure reference tables
and recommended measurement techniques
see reference [26] or http://www.nhlbi.nih.
gov/guidelines/hypertension/child_tbl.pdf and
http://www.nhlbi.nih.gov/health/prof/heart/
hbp/hbp_ped.pdf.

With respect to renal function in children
and adolescents, we suggest measuring serum
creatinine and BUN at least once a year in all
diabetic patients. If possible, cystatin C should
also be determined. As serum creatinine does
not only depend on renal function, but also on
muscle mass and sex, formulas are used to cal-
culate GFR. They allow a much more accurate
estimation of GFR than creatinine alone. For
calculation of GFR using creatinine and height,
the new “bedside” Schwartz equation [27] or
the Counahan-Barratt equation [28] are rec-
ommended. For most accurate calculation of
GFR using the “CKiD” Schwartz equation, [the
equation uses data from the Chronic Kidney
Disease in Children (CKiD) study], serum cre-
atinine, serum cystatin C, serum BUN, height,
and gender are needed. The national kidney
foundation provides an online pediatric GFR
calculator which includes the three most
important formulae: http://www.kidney.org/
professionals/kdoqi/gfr_calculatorPed.cfm.

Therapy

The management of CKD secondary to diabe-
tes in children and adolescents has to begin
with adequate treatment of diabetes to achieve
primary prevention. Intensive treatment [12]
and optimized conventional therapy may be
applied [20]. Age-specific glycemic goals are
recommended [7]. At an HbAlc above 9.6%,
the risk of clinically manifest nephropathy
increases substantially [19]. Ongoing re-
education of the patients is mandatory [7].
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Next, adequate management of albuminuria
and blood pressure control are key issues. As
most of the management occurs without
supervision of a health care professional, edu-
cation of the patient and the parents or adult
caregiver, respectively, is essential not only in
the treatment of diabetes, but also in preven-
tion and therapy of diabetic nephropathy.

Most important educational contents with
respect to diabetic nephropathy are the conse-
quences of albuminuria, hypertension, and
renal failure. Education has to be adapted to
the patient’s age. Adults always have to be
involved in the medical management of a
prepubertal child. In puberty, self-identity
and autonomy develop, and malcompliance is
common. Therefore, the risk for short- and
long-term complications is clearly increased. A
main goal of medical and psychological care
during this stage is to maintain compliance by
ongoing education and promotion of auton-
omy whenever possible. The responsibility for
medical care has to be gradually transferred
to the adolescents, as they will not be able to
take over complete management immediately.
A further critical phase is the transition from
pediatric to adult care. Some pediatricians tend
to give intensive support to their patient.
Therefore, patients sometimes do not take
enough self-responsibility and are unable to
cope adequately with the less intense care after
transition.

In the case of microalbuminuria, treatment
of all non-pregnant patients above the age of
1 year is recommended with angiotensin-
converting enzyme (ACE) inhibitors or angi-
otensin II receptor type 1 blockers (ARBs) [7,
29, 30]. ACE inhibitors slow the progression
of nephropathy in patients with type 1 diabe-
tes, microalbuminuria, and either with [6] or
without [31] hypertension. In adult patients
with type 2 diabetes, ACE inhibitors or ARBs
delay the development of microalbuminuria,
the progression to macroalbuminuria, and the
progression to ESRD [32, 33]. ARBs delay the

Diabetic nephropathy in children

progression from microalbuminuria to mac-
roalbuminuria in adult patients with type 2
diabetes, microalbuminuria, and hyperten-
sion. ARBs also delay the progression of neph-
ropathy in adult patients with type 2 diabetes,
macroalbuminuria, hypertension, and renal
insufficiency. If ACE inhibitors are not toler-
ated, they may be replaced by ARBs, or vice
versa [6]. Data on ARBs in diabetic children
and adolescents are scarce. One study shows
safety and efficaciousness of olmesartan
medoxomil in 302 hypertensive individuals
aged 6-16 years, among them some patients
with diabetes [34]. Therefore, ARBs probably
provide an alternative in children and adoles-
cents with significant side effects due to ACE
inhibitors [35]. Usage of ACE inhibitors or
ARBs requires a test of serum creatinine and
potassium 1 week after introduction of the
medication. Under medication, the effect of
the therapy has to be checked by periodical
measurement of urinary albumin and blood
pressure. The aim of early therapy is to normal-
ize urinary albumin excretion [7].

Reduction of dietary protein intake to 0.8-
1.0 per kg body weight per day in diabetic
patients with CKD was associated with reduced
albumin excretion and improved GFR in adults.
However, as children and most adolescents are
still growing and dietary protein critically
influences growth, dietary protein restriction
in this age group should be considered with
caution. Nutrient recommendations for chil-
dren and adolescents with type 1 diabetes are
the same as for healthy children. Micro- or
macroalbuminuria without significance for
blood protein levels do not alter the recom-
mendations. In patients with diabetic neph-
ropathy, the aim of nutrition is, equally in
patients without nephropathy, to prevent criti-
cal hypoglycemia, to achieve age-specific blood
glucose goals, and to ensure normal growth
and development. Growth and weight have to
be plotted regularly on growth and weight
charts [7].
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In the case of confirmed hypertension or

“elevated” blood pressure according to indi-

vidual criteria (see Diagnostics, above), a strict

and rigorous therapy regimen should immedi- 4.

ately be initiated or intensified [7, 25]. Initially,

patients with elevated blood pressure should

not

exercise if they have a primarily sedentary life- 5.

add salt to their diet, they should increase

style, and reduce weight if applicable. The indi-

vidual target blood pressure should be reached

within 6 months. Otherwise, drug treatment

has

first-line treatment in all non-pregnant patients 6.

to be started. Again, ACE inhibitors are the

above 1 year of age. The target blood pressure

has

to the ADA [7]. In diabetic children with albu- 7.

to be below the 90th percentile according

minuria and elevated blood pressure, however,

a target blood pressure at the 50th percentile,

similar to children with CKD as a result of

other causes, seems to be reasonable to prevent

progression of CKD [25]. If monotherapy with

an ACE inhibitor is not sufficient, additional 8.

antihypertensive treatment should be added.

Drug classes frequently used include ARBs,

beta-blockers, calcium channel blockers, and
diuretics [26].
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Diabetes, the kidney and

retinopathy

Hans-Peter Hammes

University of Heidelberg, Mannheim, Germany

Key points

¢ The incidence of diabetic retinopathy is decreasing
due to the implementation of intensified therapy in
clinical care.

¢ Diabetic retinopathy indicates increased cardiovas-
cular risk.

e Patients with diabetic macular edema should be
evaluated for concurrent nephropathy before intrav-
itreal (focal) treatment is initiated.

e Euglycemia in type 1 diabetes and multimodal
therapy in type 2 diabetes are beneficial systemic
therapies to prevent incidence/progression of diabetic
retinopathy.

Diabetic eye disease is seemingly easy to detect,
and timely diagnosis appears helpful in protec-
tion from permanent visual loss. However,
despite sophisticated diagnostic tools, and
progress in the understanding of natural
history and epidemiology of diabetic retinopa-
thy, there is still considerable morbidity. Recent
years have witnessed a revival and novel
insights into the eye as a “window” to the
vasculature in the body. The visual prognosis

of a person with diabetes appears to depend
on multiple components, including genetic
factors, compliance, and the availability of health
care. Beyond that, the awareness of health care
providers about the complex interactions of
factors determining microvascular complica-
tions, in particular the mutual interactions
between retinal and renal compartments, is
crucial for comprehensive therapy. The “renal-
retinal syndrome” coined by Friedman and
L'Esperance in 1979, defined “coincident
kidney and eye diseases resulting from diabetic
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Diabetes, the kidney and retinopathy

(a) Retinal fundus photography of a perimacular area with a cluster of microaneurysms. (b) Retinal
digest preparation a human diabetic retina showing numerous acellular capillaries and two microaneurysms.

microvasculopathy in retinal and glomerular
arterioles and capillaries” as an important diag-
nostic entity [1]. More than 30 years later,
pathogenetic concepts, diagnostic sensitivities,
and treatment modalities have changed so that
this entity can be revisited. One purpose of this
chapter is a joint survey of retinopathy and
nephropathy.

Novel insights into the complex cellular inter-
actions in the diabetic retina indicate that
retinopathy is not an exclusive vascular disease,
but that changes of the neural retina may
precede and predict vascular abnormalities in
the diabetic eye [2]. The implementation of
sensitive diagnostic tools into research and
daily practice has opened the view on retin-
opathy as being the result of damage to multi-
ple different cell types in the retina. However,
current grading of retinopathy is still exclu-
sively focused on vascular changes.

The common characteristics of diabetic
vascular damage are increased vascular per-
meability and progressive vascular occlusion.
Clinically, retinopathy is divided into two
distinct stages: non-proliferative and prolifera-
tive diabetic retinopathy [3]. Although only
the late stage affects vision, it depends on the
magnitude and velocity of the early changes.
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A separate entity, termed diabetic macular
edema, is defined as a condition resulting from
progressive capillary dropout that causes thick-
ening of the macula through accumulation of
extracellular fluid, frequent accompanying
deposition of lipoproteins, and, if the fovea is
involved, vision loss. Many of the late compli-
cations start with clinically detectable vascular
changes. The earliest vascular sign of diabetic
retinopathy, detectable through an ophthal-
moscope, or documented more permanently
and objectively by (digital) fundus photo-
graphy, is the microaneurysm (Figure 12.1).
Clinically, it appears as a red dot >20um in
diameter. Microaneurysms are initially hyper-
cellular, indicating focal aberrant attempts
of angiogenesis [4]. Later, they may clinically
disappear because of microthrombus forma-
tion, simulating improvement. Sometimes,
microaneurysms are indistinguishable from
dot hemorrhages, which indicate extravasation
of blood from retinal capillaries (or microan-
eurysms). Both microaneurysms and dot
hemorrhages characterize mild non-proliferative
diabetic retinopathy. Abnormal leakage of
lipoproteins can precipitate around capillaries
and microaneurysms. These extravasations
appear as hard exudates and are yellow, sharply
bounded, and of variable form and size. If
these lesions cover the retinal periphery, vision
remains unaffected [5].
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When capillary dropout progresses into con-
fluent avascular areas, direct or ischemic signs
affect larger vessels. On the arteriolar site,
microinfarcts of small arterioles disclose as
“cotton-wool spots,” which represent swelling
of nerve fibers of the inner retina in the absence
of perfusion. On the venolar site, saccular
bulges (“venous beading”) develop which are
hypercellular in retinal digest preparations and
coincide with large areas of vessel dropout.
When new vessels form within the level of the
retina, or microaneurysms become numerous
and leaky, a severe, “preproliferative” stage of
retinopathy has developed in which the risk
of blinding proliferative disease is high. This
second, advanced stage of retinopathy is
defined by intravitreal angiogenesis, mainly
originating from peripheral venules or from
the optic disc. Intravitreal hemorrhages cause
acute vision loss; the formation of fibrovascu-
lar tissue responding to the intravitreal dis-
charge of inflammatory cells and its contraction
is the cause of permanent vision loss through
retinal detachment.

Breakdown of the blood-retinal barrier and
accumulation of extracellular fluid in the
macula defines diabetic macular edema. The
involvement of the fovea often results in sig-
nificant loss of vision. However, recent analysis
also revealed that there is only a modest asso-
ciation between visual function as measured
by acuity, and macular thickness as measured
by optical coherence tomography [6].

It appears that diabetic retinopathy is more
frequent in type 1 than in type 2 diabetes. The
crude prevalence of any retinopathy in type 1
diabetes is 77% and 25% in type 2 diabetes
according to a recent meta-analysis [7]. These
figures are likely an overestimation of the
current incidence and progression of retinopa-
thy because of the implementation of glycemic
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and blood pressure control. Recent reanalysis
of the Wisconsin Epidemiological Study of Dia-
betic Retinopathy (WESDR) study revealed a
cumulative incidence of any retinopathy in the
cohort surviving 25 years was 97%, and the
cumulative rate of retinopathy progression was
83%, and the rate of progression towards the
proliferative stage was 43% [8]. Of note, the
yearly rate of progression over the initial 14
years of the study was similar, whereas it
dropped considerably over the most recent
observation period. A recent survey of 8700
type 1 diabetic patients from a large database
in Germany and Austria demonstrated a cumu-
lative proportion of any retinopathy of 84.1%,
after 40 years of diabetes, and a cumulative
proportion of 50.2% of advanced retinopathy
[9, 10]. Other European cohorts reported a
lower cumulative incidence of advanced retin-
opathy in type 1 diabetes (30%) [10].
Undoubtedly, the implementation of glyc-
emic control and other measures to address the
altered metabolic profile in type 1 diabetes will
result in a further decrease in the incidence
of diabetic retinopathy. The Diabetes Control
and Complications Trial (DCCT)/Epidemiol-
ogy of Diabetes Interventions and Complica-
tions results suggest that the earlier glycemia is
established, the better is the retinal outcome,
even when glycemic control is not maintained
on the near-normal level. Comparing the two
treatment groups after 30 years of diabetes, the
cumulative incidence of proliferative diabetic
retinopathy was 21% in the former intensive
group, and 50% in the former conventional
group. The latter was comparable with the 47%
cumulative incidence of a population-based
group of similar diabetes duration. This and
the translation of Diabetic Retinopathy Study
(DRS) and Early Treatment in Diabetic Retin-
opathy Study (ETDRS) findings into treatment
of advanced retinopathy stages may also affect
visual prognosis in type 1 diabetes. The imple-
mentation of panretinal laser photocoagula-
tion increased the prevalence of eyes with
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proliferative diabetic retinopathy treated with
photocoagulation from 55% in the 1980-1982
group to 85% in the 2005-2007 group. As a
possible consequence, the prevalence of visual
impairment (visual acuity <20/40 or worse in
the better eye) dropped from over 15% to less
than 5% in groups of similar diabetes duration
when grouped for years of diabetes onset
(1922-1959 versus 1975-1980). Thus, imple-
mentation of general diabetes care and special-
ized eye screening and laser treatment appears
effective in type 1 diabetes [11].

Whether this trend extends to type 2 diabe-
tes is unclear at present. In the WESDR study,
the prevalence of any retinopathy was 50% in
the 1980-1982 group, whereas in the Beaver
Dam Eye Study, in 1988-1990, the prevalence
was 35% [12]. More recent data from an Aus-
tralian study revealed an increase in prevalence
from 27% to 34% within 6 years, and prelimi-
nary data from the German DPV study reports
a crude prevalence of 30% (Holl, R, et al.,
manuscript in preparation). The proportion of
patients with sight-threatening retinopathy
(proliferative diabetic retinopathy and clini-
cally significant macular edema) was similar
over different onset periods. However, the
numbers of patients treated for proliferative
diabetic retinopathy and clinically significant
macular edema (CSME) increased. As no recent
estimates are published on the outcome of
visual acuity in these populations, it remains
uncertain whether these therapeutic effects
translate into a benefit in visual outcome in
type 2 diabetes. Of note, diabetic macular
edema appears constant over time, at least in
population-based studies such as the WESDR.

When stratifying for coincident nephropa-
thy, it becomes clear that there is a major
impact of renal disease on the progression of
retinopathy to advanced stages in both type 1
and type 2 diabetes [13, 14]. This pinpoints a
major task for those who treat patients with
diabetes to guarantee the identification of
these high-risk patients through adequate test
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intervals. The clinical observation that almost
all patients who develop proliferative diabetic
retinopathy have simultaneous nephropathy
has been confirmed by numerous studies. For
example, in WESDR, the odds ratio (OR) for
having retinopathy in microalbuminuric
patients was 3.78 for the younger and 1.8 for
the older group. In a multivariate analysis,
the association remained significant in the
younger, but not in the older group [12]. This
association is confirmed in the recent DPV
study, in which the OR for severe retinopathy
in microalbuminuric type 1 patients was 4.1
(95% CI 3.4-4.9) [9]. With progressive renal
disease, retinopathy progression worsens to
advanced sight-threatening stages. In Danish
type 1 diabetic patients, the 5-year cumulative
incidence of proliferative diabetic retinopathy
was 74% in patients with gross proteinuria, but
only 14% in patients without [15] . Similarly,
the presence of gross proteinuria was associ-
ated with the 10-year incidence of proliferative
diabetic retinopathy in type 1 diabetes. In the
DPV study, the OR for advanced retinopathy
in macroalbuminuric patients with type 1 dia-
betes was 8.6 (95% CI 6.4-11.5) [9].

Another problem of diabetic nephropathy is
loss of renal function. There is no overview
available on the association of impaired renal
function in diabetes and the risk of retinopa-
thy development and progression. From cohort
studies such as the Beaver Dam Study, it is
reported that the presence of chronic kidney
disease (CKD) is associated with a 51% risk
of developing retinopathy in a non-diabetic
cohort, in which the cumulative incidence of
retinopathy is 14.2% after 15 years. When CKD
as defined by a glomerular filtration rate (GFR)
<60mL/min/1.73 m? was used as the entry cri-
terion for patients to assess the prevalence of
ocular pathologies, 45% were identified to
have retinal pathologies, more than half of
them because of diabetes, hypertension, or
others. GFR less than 30mL/min/1.73m?* was
associated with a threefold increased risk for
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retinopathy [16]. Thus, CKD may impact on
retinopathy, but the present data only allow
for a gross estimate compared with albuminu-
ria and retinopathy.

CSME may strongly link to albuminuria/
proteinuria in diabetic nephropathy because
of the possible shared pathogenesis resulting
in a generalized vascular hyperpermeability. In
a small study of 40 type 2 diabetic patients,
Knudsen et al. [17] found a significant correla-
tion of urinary albumin excretion and tran-
scapillary albumin escape rates with diabetic
macular edema as measured by optical coher-
ence tomography. Since generalized vascular
permeability coexisted with vascular leakiness
in different organs, the conclusion was that
with increasing albuminuria, the impact on
maculopathy would also increase. In a recent
cross-sectional study in type 2 diabetes from
India, multivariate regression analysis revealed
a significant association of CSME with disease
duration, anemia, and microalbuminuria. The
study by Knudsen et al. [18] in North Jutland
found the association of CSME and proteinu-
ria in type 2 diabetic Caucasian patients (OR
5.18, 95% CI 1.71-15.68), but not with albu-
minuria. In WESDR, neither the young nor
older onset groups showed any association of
microalbuminuria with CSME. In contrast,
gross proteinuria showed a significantly higher
likelihood of association with CSME in only
in the younger group (OR 2.42, 95% CI 1.20-
4.88) [19].

The predictive significance of CKD and albu-
minuria for cardiovascular mortality is well
established [19, 20]. The ease of directly visual-
izing parts of the vasculature through ophthal-
moscopy and the opportunity for permanent
documentation by digital fundus photographs
have greatly stimulated research to identify
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and dissect the relative impact of retinal
vascular pathology for prediction of cardiovas-
cular disease (CVD) mortality [21]. WESDR was
the first large study to demonstrate an excess
mortality risk of death in patients with diabetic
retinopathy, independent of important CVD
risk factors such as age, diabetes duration,
glycemia, and gender [22]. Other studies con-
firmed this finding in several ethnic groups. Of
note, this association, which was reported in
type 2 diabetes, was less consistent in type 1
diabetes, mostly because of the role of age in
CVD mortality. In a recent meta-analysis
including over 19000 patients from 20 studies,
Kramer et al. [23] found that diabetic retin-
opathy was predictive for all-cause mortality
both in type 1 and type 2 diabetes patients.
The OR for the composite outcome in type 2
diabetic patients, when adjusted for CV risk
factors, was 1.61 (95% CI 1.32-1.9) for any
retinopathy, and 4.22 (95% CI 2.81-6.33) for
advanced retinopathy. For type 1 diabetes, the
corresponding OR for any retinopathy was
4.10 (95% CI 1.50-11.18), and 7.00 (95% CI
2.22-20.0) for advanced retinopathy. When
limiting the analysis to the studies that
reported all-cause mortality, the meta-analysis
of the association between presence of retinop-
athy and all-cause mortality was approximately
2.5-fold for type 1 and type 2 diabetes.
Important lessons can also be learned from
patients who survive diabetes for a long period
of time. The Joslin 50 Year Medalist Study
recently comprehensively described the pre-
valence of retinopathy in relation to other
vascular complications and to important
biochemical risk factors [24]. Of the patients
studied, 42.6% remained free from advanced
retinopathy, and 86.9% had no signs of kidney
disease. Glycemic control in these patients was
unrelated to complications, but elevated serum
levels of the advanced glycation end products
(AGE) carboxyethyllysine and pentosidine
were strongly associated with complications. A
subset of patients may also exist characterized
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by slow or absent progression over time. They
remain free of further worsening of retinopa-
thy. This characteristic can only be detected by
continuous screening, as long as no other
biomarkers are established to predict patient
subgroups that are protected. The persistent
absence of nephropathy is one possible protec-
tive marker.

From the DCCT study, it is known that the
risk for retinopathy clusters in families [25].
Several candidate genes in type 1 and type 2
diabetes have been investigated, but, so far,
only polymorphisms for aldose reductase, Vas-
cular endothelial growth factor (VEGF) and
erythropoietin have stood up convincingly
[26-28]. In type 2 diabetes, studies found a few
genetic variants associated with diabetic retin-
opathy, which could not be replicated in an
independent cohort.

Given the evidence cited above that the imple-
mentation of improved control of blood glu-
cose, blood pressure, and possibly also lipids
leads to an overall decrease in the incidence of
diabetic retinopathy, it can be concluded that
these factors, together with the cumulative
exposure to these factors by duration, have the
greatest impact on the outcome of retinopathy
in clinical studies. However, glycosylated hemo-
globin (HbA1c) accounts for only 11% of the
risk of retinopathy in type 1 diabetes, suggest-
ing that many more components may have an
impact on incidence and progression of retin-
opathy [29]. By evaluating these factors, it
appears that the evolution and natural history
of diabetic retinopathy is divided into two
steps: one that is characterized by vasodegen-
eration, and one that is characterized by the
response to this injury either with angiogenesis
or with increased permeability.

In addition, two important novel aspects
may be considered which can help with finding
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more efficient treatment modalities in future:
(1) the impact of the neuroglia on the vascula-
ture in the diabetic retina, and (2) the role
that the kidney plays in retinopathy progres-
sion. While the neuroglia may be involved
during the initial phase of retinopathy (i.e.,
incidence), the role of the kidney may be
notably important during the progressive
phase of retinopathy.

Elevated glucose levels are set in stone in the
pathogenesis of diabetic retinopathy and neph-
ropathy. Hyperglycemia leads to an increase in
oxidative stress from different sources, includ-
ing mitochondrial overproduction of reac-
tive oxygen species (ROS), enzyme-mediated
cytoplasmic ROS production, and receptor-
mediated ROS production [30]. As the 50 or

different cell types of the retina are per se
variably equipped with glucose transporters
responding to the ambient glucose levels, with
receptors responding to reactive intermediates
and advanced glycation products, and enzymes
producing ROS in the cytoplasm, it is likely
that not one single mechanism can entirely
explain the clinical phenotype [31]. A second
and third level of complexity may be intro-
duced by the effect of high blood pressure and
of individual tissue responses, including anti-
oxidant, angiogenic, neurotrophic, and inflam-
matory mediators, which when permanently
activated may damage rather than repair the
affected organs [32, 33].

Oxidative stress from hyperglycemia induces
the activation of major pathogenetic pathways
affecting vascular and neuroglial cells in the
retina: (1) increased formation of AGEs, (2)
increased expression of the receptor for AGEs
(RAGE), (3) activation of protein kinase C
(PKC) isoforms, and (4) overactivation of the
hexosamine pathway. These mechanisms are
the result of a single upstream event, i.e., mito-
chondrial overproduction of ROS. A fifth
pathway, the aldose reductase pathway, may be
shorter than the others because the K, of
aldose reductase for glucose and the concentra-
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tion of the aldehyde form of glucose, which is
a better substrate for aldose reductase, are too
low to have a major impact.

In general, AGEs form from glucose, glyco-
lytic intermediates such as dicarbonyls, and
intermediates of free fatty acid oxidation.
Extracellular AGEs form from glucose and have
slow formation characteristics. In contrast,
intracellular AGEs form rapidly from glycolytic
intermediates such as methylglyoxal, and can
modify protein function, cellular function via
altered receptor recognition, and by changes in
matrix interactions. Binding of AGEs leaked
into plasma or extracellular AGEs accumulat-
ing on the matrix to AGE receptors of various
cells can activate the transcription factor
NF-xB. In the diabetic retina, the receptor for
AGE, RAGE, has been localized to the retinal
glia (astrocytes and Miiller cells) [34]. RAGE
expression can be regulated by high glucose in
cell cultures and in diabetic animals involving
ROS-induced methylglyoxal, which increases
NF-xB and AP-1 binding to the RAGE promoter
[35]. AGEs can cooperate with the hexosamine
pathway (see below) to modify transcriptional
corepressors such as mSin3A, which then
changes the transcriptional activation of
growth factors such as angiopoietin-2 (Ang-2)
[36]. Thus, AGEs can mimic hypoxia in com-
plications of target tissues like the retina.

Several PKC isoforms have been implicated
in altered cell functions of the diabetic retina,
in particular pericyte loss (PKC 9), blood flow,
and permeability (PKC B) [37]. Persistent PKC
activation results from enhanced de novo syn-
thesis of diacylglycerol from hyperglycemia-
induced triose phosphate, which is available
because mitochondrial ROS overproduction
inhibits the glycolytic enzyme GAPDH (see
below). PKC activation can also result from
RAGE activation via AGEs. PKC § activation
leads to increased expression of SHP-1, a
protein tyrosine phosphatase affecting platelet
derived growth factor-B receptor downstream
signaling and pericyte apoptosis. PKC activa-
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tion may also affect VEGF transcription with
effects on vascular permeability.

The fourth hyperglycemia-driven bio-
chemical abnormality is the activation of the
hexosamine pathway. Fructose-6-phosphate,
diverted from glycolysis, is the substrate for
fructose 6-phosphate amidotransferase (GFAT)
and is converted into uridine diphosphate-
N-acetylglucosamine (GlucNac). Specific trans-
ferases use GlucNac for modification of serine
and threonine residues. As indicated earlier,
AGE modification of the transcriptional repres-
sor mSin3A increases the recruitment of such
a transferase resulting in the modification of
SP3, which causes a decrease in binding to
the glucose-sensitive GC box in the Ang-2
promoter, inducing Ang-2 transcription and
translation. Increased expression of Ang-2
precedes pericyte loss in the diabetic retina,
and accelerated formation of acellular capillar-
ies. Ang-2 has been implicated in pericyte
migration as an alternate mechanism by which
incipient pericyte loss in the diabetic retina
can occur as well as from apoptosis [38]. The
hexosamine pathway was also reported to be
relevant for transforming growth factor-fland
plasminogen activator inhibitor-1 expression;
its relevance in the diabetic retina is not
entirely clear.

Given the inability to prevent complications
by only targeting one of the above described
abnormalities, a unifying mechanisms was
introduced representing a common denomina-
tor of the biochemical abnormalities, and a
mechanism by which hyperglycemic memory
could be explained [39]. This mechanism is
the overproduction of superoxide by the
mitochondrial electron transport chain. It has
been demonstrated that hyperglycemia induces
an increased flux of electron donors into the
mitochondrial electron transport chain. The
resulting voltage gradient leaks superoxide
because electron transfer is blocked at complex
III of the electron chain. In endothelial cells
exposed to high glucose in culture, superoxide
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and subsequent ROS production is increased.
ROS overproduction through high glucose
is prevented when either the gradient is
collapsed by UCP-1 or when superoxide is
degraded by superoxide dismutase. Cells
without mitochondria do not increase ROS
production when they lack mitochondria (rtho
zero cells). When the glycolysis and the TCA
cycle have produced a sufficient voltage under
high-glucose conditions, mitochondrial ROS
production causes DNA damage which acti-
vates an enzyme system called poly-ADP ribose
polymerase (PARP). PARP, which normally
resides in the nucleus in its inactive form,
translocates to the cytoplasm upon ROS activa-
tion causing polymers of ADP-ribose to form
and inhibit GAPDH activity. Inhibition of
GAPDH causes increases in the glycolytic inter-
mediates that give rise to the biochemical
pathway abnormalities described above.

The principle components of these altera-
tions are found in the retina of diabetic rats
[40]. There is ample evidence of hyperglycemia-
induced ROS overproduction, PARP activation,
increased availability of AGEs such as methyl-
glyoxal, and activation of the PKC and the
hexosamine pathways.

These abnormalities are more or less readily
reversible upon glycemic re-entry with the
exception of long-lasting modifications of
matrix by AGEs. Several pieces of evidence from
clinical and preclinical data, however, indicate
that prolonged periods of glycemia—either
normal or high—leave permanent changes in
the diabetic vasculature. For example, diabetic
dogs developed similar degrees of retinopathy
when treatment from bad to good glycemic
control was changed [41]. Clinically, patients
with good glycemic control over 6.5 years in
the Diabetes Control and Complication Trial
continued to have much lower retinopathy
progression during the subsequent 14 years of
follow-up, although their glycemia had become
identical to former control patients whose gly-
cemia had been much worse during the initial
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6.5 years only [42]. This glycemic memory
effect has also been found in patients with type
2 diabetes, and only glucose, but not blood
pressure control, produces such memory in
target organ complication [43]. Part of the
memory effect may be explained by epigenetic
changes, caused by mitochondrial ROS over-
production. They can involve methyltrans-
ferases, which induce the sustained alteration
of transcription factors as shown for NF-xB and
subsequent proinflammatory genes as a para-
digm. The changes, although only induced by
relatively short hyperglycemic periods, persist
for as long as 6 days in culture and for months
in diabetic animals. They can be prevented by
either blocking mitochondrial ROS overpro-
duction or by activation of the methylglyoxal
detoxifying enzyme glyoxalase I [44]. Accord-
ingly, increased H4K2 methylation of SOD2 has
been found to cause downregulation of the
enzyme, and failure to correct this change
upon euglycemic re-entry suggests a role in
hyperglycemic memory.

The validity of this concept has been con-
firmed in preclinical animal models of experi-
mental diabetic retinopathy. Both, catalytic
antioxidants and metabolic signal blockers
were effective in preventing retinal vasore-
gression [40, 45]. As outlined above, ROS lead
to an inhibition of GAPDH activity, and an
increased concentration of intermediates
upstream of the enzyme block. The resultant
increased flux through metabolic pathways
calls upon a strategy that shifts glycolytic inter-
mediates such as fructose-6-phosphate and
glyceraldehyde-3-phosphate from the hex-
osamine and the AGE pathways to alternate
less toxic pathways. Both metabolites are end
products of the non-oxidative part of the
pentose phosphate shuttle, of which transke-
tolase is the rate-limiting enzyme. The cofactor
of transketolase is thiamine, which can activate
the enzyme by 25%. However, lipid-soluble
benfotiamine activates the enzyme by 250% in
endothelial cells. Long-term treatment using
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benfotiamine in models of retinopathy pre-
vented acellular capillary formation.
Inhibition of PARP activation using chemi-
cally defined PARP inhibitors reduced tran-
scriptional regulation of Ang-2, pericyte
apoptosis, and the formation of acellular capil-
laries. Chronic application of the catalytic anti-
oxidant o-lipoic acid has produced similar
results in two independent experiments.

The most predominant factor involved in the
pathogenesis of advanced stages of diabetic
retinopathy is VEGF [46]. Properties of VEGF
comply with angiogenesis and increased vascu-
lar permeability, both of which are mechanisms
relevant to proliferative diabetic retinopathy
and CSME [47]. The strongest signal for VEGF
regulation is hypoxia, which most likely results
from progressive vascular occlusion in the retina.
However, VEGF is regulated in models which
develop only scattered vascular occlusions and
no neovascularizations, and, in diabetic animal
models, VEGF is upregulated in the retina prior
to significant capillary dropouts. Moreover,
VEGF is not only regulated by hypoxia as the
strongest stimulus, but can also be regulated by
glycolytic intermediates, ROS and AGEs which
may explain why VEGF regulation precedes, and
does not follow, vasoregression.

Another hypoxia-driven vascular growth
factor is Ang-2. It acts as the natural antagonist
of angiopoietin-1, which stimulates the
endothelial receptor tyrosine kinase Tie-2. This
signal promotes vascular maturation, pericyte
recruitment, and tightening of the endothelial
barrier function. The antagonistic Ang-2 dis-
places Ang-1 from Tie-2 and cooperates with
VEGF to induce angiogenesis. In the absence
of VEGEF, it leads to vasoregression. Its role in
diabetic retinopathy can be summarized as
follows: (1) Ang-2 is regulated by the combined
action of enzymatic and non-enzymatic glyco-
sylation; (2) Ang-2 is upregulated prior to peri-

Diabetes, the kidney and retinopathy

cyte dropout, (3) Ang-2 regulation appears to
determine pericyte migration as alternative to
pericyte apoptosis, (4) Ang-2 reduction reduces
vasoregression in diabetic retinopathy [38, 48].

Inflammatory signaling has become a favorite
subject of retinopathy research since leuko-
cytes and monocytes have been found at
increased numbers in the diabetic rat retina.
Pattern recognition receptors such as RAGE
mediate the response by regulation of inflam-
matory cytokines via NF-xB (see above). Since
the absolute expression levels and the regula-
tion in diabetes is lower than, for example, in
sepsis, the term parainflammation may be
more appropriate. Inhibition of genetic dele-
tion of several mediators of parainflammation
such as NF-xB, iNOS, COX, ICAM and inter-
leukin (IL)-1P has been shown to improve early
lesions in experimental retinopathy models.
iNOS is predominantly expressed by macro-
phages and microglia in the diabetic retina,
and microglia is activated in diabetic retinopa-
thy, suggesting that this cell type mediates
damage to the vasculature [33].

Interaction of AGEs with RAGE activates the
endothelium by inducing the expression of
adhesion molecules such as ICAM-1 and VCAM-
1, which stimulate leukocyte adherence to the
endothelium. This leukostasis is thought to con-
tribute to microvascular damage by the release
of toxic cytokines or by occluding capillaries
[49]. Leukostasis is increased in the retina of
diabetic animals in all three areas, i.e., arterioles,
venoles, and capillaries. Leukostasis even occurs
in the absence of overt hyperglycemia in obese
rat strains, and the relationship between leukos-
tasis and capillary regression is probably not
causal because vasoregression can be prevented
without correction of leukostasis [50, 51].

The concomitant presence of hypertension
and diabetes multiplies the risk of nephropa-
thy. The underlying mechanisms which define
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the cellular response phenotypes of this deadly
couple are poorly understood. It is, however,
suggested that hypertension, renal impair-
ment, and increased shear stress impact on
the pre-existing biochemical abnormalities
induced by chronic hyperglycemia.

Lopes de Faria et al. [32] recently pointed out
that hyperglycemia and hypertension cooper-
ate in the generation of oxidative stress and
inflammation causing an aggravation and
acceleration of retinopathy and nephropathy.
Hypertension per se induces oxidative stress
through activation of the renin-angiotensin
system, of PKC isoforms, and the overexpres-
sion of inflammatory cytokines, among others.
Mechanical stress-induced upregulation of
angiotensin II directly induces ROS production,
VEGF upregulation independently of hypoxia
and hyperglycemia, and vasoconstriction.
Increased shear stress in hypertension may
interact with hyperglycemic signaling also on
the level of permanent NF-xB activation and
subsequent inflammatory gene expression.

As pointed out by Calcutt et al. [31], meta-
bolic and hemodynamic pathways can interact
on various levels: both can determine formation
of reactive intermediates, biochemical media-
tors, and ROS, and both can induce and modify
intracellular signaling and expression of growth
factors. As both can also modify shear stress-
induced vasoreactivity and inflammation, the
interaction may amplify injury and perpetuate
microvascular disease progression. This may
explain why various treatment modalities, such
as metabolic signal blockers and catalytic anti-
oxidants, have shown efficacy in experimental
animal models, both for nephropathy and retin-
opathy. For example, benfotiamine and thia-
mine have been shown to reduce albuminuria
together with a reduction of methylglyoxal-
type AGEs and PKC activation in the diabetic
kidney [52]. PARP inhibition reduced podocyte
loss, mesangial expansion, and albuminuria,
and o-lipoic acid reduced glomerular sclerosis
indices and albuminuria [53].
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As in the retina, VEGF was established as an
important mediator of glomerular damage in
the kidney. VEGF-A is constitutively expressed
in glomerular podocytes which signal to
VEGF-R bearing endothelial and mesangial
cells [54]. Increased VEGF-A levels are associ-
ated with endothelial proliferation and neo-
vascularization in the kidney. As in the retina,
a constitutive level of VEGF-A is requisite for
normal function, because both the absence
and the overproduction of VEGF are associated
with glomerular pathology and proteinuria.
Neutralizing VEGF with an antibody was
effective in normalizing albuminuria or pro-
teinuria and glomerular sclerosis in diabetic
animals [55].

Angiopoietins are also important for the
regulation of the glomerular filtration barrier.
Ang-1 is expressed in the normal podocyte,
and Ang-2 is not detectable in the normal
kidney. However, Ang-2 is deregulated when
albuminuria develops in diabetic nephropathy
and other glomerular diseases. Podocyte over-
expression of Ang-2 causes albuminuria and
glomerular endothelial cell apoptosis. Although
these data suggest a role for Ang-2 in glomeru-
lar filtration, it needs to be clarified whether
or not Ang-2 is a permeability factor. It has
recently been shown that Ang-2 can act as a
stimulus for Tie-2 under stress conditions [56].

Figure 12.2 summarizes the pathogenetic
concept of diabetic microvascular damage.

Although many mechanism-based treatment
options are currently validated in preclinical
models and phase II-IV studies, our current
concepts of prevention and intervention in
diabetic retinopathy (and general vasculopa-
thy) is being challenged by the re-evaluation
of clinical trials. In a recent systematic review
and meta-analysis of randomized clinical trials,
the effect of targeting intensive glycemic
control versus conventional control on retin-
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Proposed pathogenetic concept of diabetic microvascular complications. Hyperglycemia and reactive
intermediates cause mitochondrial overproduction of reactive oxygen species. Biochemical pathways are overac-
tivated and increased shear stress perpetuates and aggravates biochemical abnormalities and parainflammation.
Tissue specific growth factors and cytokines determine the response to injury. AGE, advanced glycation end
product; PKC, protein kinase C; ROS, reactive oxygen species.

opathy was 20%, but trial sequential analyses
did not give sufficient evidence for a true effect
[57]. These data suggest that the overall effect
of glycemic control might have been overesti-
mated, and that limitations of euglycemic
treatment targets are considerable due to a
30% increase in the relative risk of severe
hypoglycemia.

Blockade of RAS in normotensive type 1 dia-
betic patients slows the progression of estab-
lished retinopathy independent of blood
pressure [58]. Blood pressure control per se does
not prevent the incidence of retinopathy in
type 2 diabetes [59]. However, when blood
pressure is elevated, a reduction is beneficial to
prevent retinopathy progression [60].

Lipid control is yet another concept by
which retinopathy may be treated, given the

observation of lipid-rich hard exudates as one
lesion. Results from the FIELD study suggest
that fenofibrate treatment reduces the need for
laser treatment in patients with type 2 diabetes
and proliferative diabetic retinopathy and dia-
betic macular edema [61]. These effects were
independent of the effect of fenofibrate on
lipid concentrations. There was no effect on
several other parameters such as retinopathy
incidence, visual outcome, or hard exudates.
Overall, the number of events was small, and
the indication for laser treatment was not
prespecified for all centers. In a substudy to
ACCORD, the combination of fibrates with
statins was assessed for the effect on retinopa-
thy progression. A 40% reduction for the risk
of a three-step retinopathy progression, laser
treatment, or vitrectomy was reported [59].
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Multifactorial treatment for glycemia, blood
pressure, lipids, platelet aggregation, and life-
style has been evaluated in microalbuminuric
type 2 diabetic patients. There was a 55% risk
reduction for the need of laser treatment, and
a 43% risk reduction for retinopathy progres-
sion in this high-risk population [62].

The gold standard for treatment of prolifera-
tive diabetic retinopathy remains panretinal
laser photocoagulation. This is 95% effective
in the preventing loss of vision loss. In CSME,
the effect of grid laser photocoagulation is
only reduced by 50% over 3 years. Novel thera-
pies addressing both the inflammatory epiphe-
nomena of progressive vascular occlusion and
ischemia in the diabetic eye, including steroids
and anti-VEGF strategies, show benefits in
subsets of patients with type 2 diabetes [63, 64].
For pseudophakic eyes, first-line treatment of
diabetic macular edema is triamcinolone. For
phakic eyes, anti-VEGF therapy with ranibizu-
mab and deferred grid laser provide an additional
visual benefit over triamcinolone over 2 years.

Overall, it appears that systemic therapy of
diabetic microvascular complications needs to
address shared pathophysiologic mechanisms
of which the general targets have to be anno-
tated. The more retinopathy and nephropathy
progress and are overlayed by systemic factors
such as prolonged metabolic and hemodynamic
alterations, the more organ-specific proang-
iogenic (retina) and prosclerotic (kidney) epi-
phenomena take over. Identification of patients
at risk for developing advanced organ damage
is a perpetual challenge and addressed by
ongoing studies. Until better markers are iden-
tified, renal involvement is an important risk
indicator for both retinopathy progression and
increased cardiovascular risk.
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Reducing progression of diabetic
nephropathy by antihyperglycemic

treatment

Christoph Hasslacher

Diabetesinstitut Heidelberg, Heidelberg, Germany

¢ The quality of metabolic control is an essential com-
ponent of the multifactorial strategy that is currently
recommended for primary and secondary prevention
of diabetic nephropathy.

¢ Implementation of an optimized metabolic control
improves not only the course of the nephropathy, but
also the prognosis of patients.

e The target of glycemic control, i.e., glycosylated
hemoglobin (HbA1c) values, depends on various clini-
cal findings such as age, concomitant diseases, and
risk of hypoglycemia.

e With declining renal function, attention must be
paid to the altered pharmacokinetics of the adminis-
tered agents in order to prevent hypoglycemia.

¢ Monitoring of metabolic control in renally impaired
diabetic patients is extremely important in view of
the high risk of hypoglycemia because of the altered
therapeutic conditions.

o Reliable methods are available both for blood glu-
cose self-monitoring and the monitoring of long-term
glycemic control. With renal insufficiency, however,
confounding factors may come into play which must
be considered when interpreting measurements.

The progression of diabetic nephropathy from
the initial appearance of persistent microalbu-
minuria to terminal renal insufficiency is slow.
If diagnosed early, there is ample time available
for therapeutic intervention. Numerous factors

are known to modulate the course of neph-
ropathy, including diabetes and hypertension,
dyslipidemia, cigarette smoking, anemia status,
obesity, and protein consumption. These are
all treatable factors that are of varying degrees
for different patients, and which are differen-
tially susceptible to influence for changing the
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Reducing progression of diabetic nephropathy

clinical course of a nephropathy. The “multi-
factorial” presence of treatable influence
factors has led to the current recommendation
to always align therapeutic intervention for
diabetic nephropathy in an multifactorial
manner, i.e., to treat all possible factors at the
same time wherever possible. This strategy has
led to more intensive antihypertensive and
lipid therapy, which has improved the progno-
sis of diabetic nephropathy when considering
the relative reduction in risk [1]. The target
of improved diabetes control has not been
approached in clinical studies, however, so
that intensification of this component of mul-
tifactorial treatment is certainly called for [2].

The prime importance of diabetes manage-
ment for primary prevention of diabetic neph-
ropathy is now well documented. In patients
with type 1 diabetes this relationship had already
been demonstrated in the 1980s in small
intervention studies with a short monitoring
period [3].

The Diabetes Control and Complications
Trial (DCCT) study was able to confirm and
expand these findings [4, S]. A total of 1441
patients were treated with either intensive or
conventional insulin therapy for an average of
9 years. The improved metabolic control with
intensified therapy [mean glycosylated hemo-
globin (HbAlc) 7.0%] resulted in a lower inci-
dence of microalbuminuria than that which
was observed under standard treatment (mean
HbAlc 8.9%): as such, the cumulative inci-
dence in the “primary prevention group”
(patients with short duration of diabetes
without retinopathy) was 16% under intensi-
fied therapy and 27% under standard therapy.
In the “secondary prevention group” (patients
with longer duration of diabetes and pre-
existing retinopathy), the corresponding inci-
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dences were 26% and 42%. Also, the occurrence
of advanced stage microalbuminuria (albumin
excretion >70ug/min) or the occurrence of
macroalbuminuria (albumin excretion >200 ug/
min) was significantly reduced under intensi-
fied metabolic control. The calculated risk
reductions are presented in Figure 13.1 [4, S].

Most patients in the DCCT study (n = 1375)
participated in further monitoring (DCCT/
EDIC; [6]). The treatment was now no longer
performed by trial centers, but rather by
general practitioners. In the intensified treat-
ment group there was a slight deterioration of
metabolic control (HbAlc 7.9%) whereas in
the conventionally treated group there was
an improvement (HbAlc 8.2%). Despite the
change in mode of the metabolic control, the
beneficial effect of intensive insulin therapy on
nephropathy development persisted: after 4
years of follow-up the reduction in risk for
the occurrence of microalbuminuria was 53%
while that for macroalbuminuria was 86%.

Results on the course of renal function have
recently been reported after a total of 22 years
of monitoring [7]. Here, too, the positive
impact of prior intensive diabetes therapy
could be shown: impaired renal function, i.e.,
a glomerular filtration rate (GFR) <60 mL/min/
1.73m?, appeared in 24 patients of the inten-
sively and 46 patients of the conventionally
treated group. The development of terminal
renal insufficiency was also only half as high
in the initially intensively treated group (8
versus 16 patients). The lower the HbAlc in the
intensive group, the lower was the risk of an
impaired GFR.

In patients with type 2 diabetes it could also
be shown in four large intervention studies
(UKPDS, ACCORD, ADVANCE, and VADT) that
there was a beneficial influence of improved
metabolic control on the primary prevention
of diabetic nephropathy. The main characteris-
tics of these studies are illustrated in Table 13.1,
whereas the results for the occurrence of micro-
or macroalbuminuria are given in Table 13.2.
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Mean adjusted risk reduction regarding onset of micro- or macroalbuminuria in type 1 diabetic
patients of the intensified treated group. According to The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes mellitus. The Diabetes
Control and Complications Trial Research Group. N Engl J Med 1993 Sep 30;329(14):977-86. and Effect of
intensive therapy on the development and progression of diabetic nephropathy in the Diabetes Control and
Complications Trial. The Diabetes Control and Complications (DCCT) Research Group. Kidney Int 1995

Juni;47(6):1703-20.

Main characteristics of

Patients (n)

Age (years)

Known diabetes (years)

HbA1c (%)

Known cardiovascular
complications (%)

patients at start of study

UKPDS ACCORD
3867 10251
54 62

0 10

7.1 8,1

0 35

ADVANCE VADT
11140 1791
66 60

8 11,5
7.2 9,5
32 40

Risk reduction (RR) regarding onset of renal endpoints due to intensified glucose control in four
intervention studies with type 2 diabetic patients

HbA1c (%) intensive group
HbA1c (%) standard group
Treatment period (years)
RR microalbuminuria

RR macroalbuminuria

RR doubling S-creatinine

UKPDS ACCORD
7.0 6.4

7.9 7.5

12 3.5
-33% -21%
-34% -31%
~74% n.d.

n.s., not significant; n.d., not done.

ADVANCE VADT
6.4 6.9
7.0 8.4
5.0 6.25
-9% n.s.
-30% n.s.
n.s. n.d.
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Reducing progression of diabetic nephropathy

In the UKPDS study [8], newly identified
patients with type 2 diabetes were monitored
under a conventional or intensive treatment
with oral antidiabetic drugs and/or insulin for
15 years. The HbAlc in the intensified treat-
ment group was reduced by about 0.9%
throughout the entire study. This led to a sig-
nificant decrease in nephropathy risk, as
shown in Table 13.2 for various end point
measures. There was no difference regarding
the chosen form of therapy, i.e., whether oral
hypoglycemic agents or insulin were used.
These findings could be confirmed in a UKPDS
follow-up study over 10 years [9].

In the ACCORD study [10], antidiabetic
therapy was characterized by the multiple use
of oral hypoglycemic agents and insulin. In the
intensively treated group almost all patients
received metformin (95%), glitazone (92%),
and sulfonylureas (87%), whereas insulin
therapy was given to 77% of the patients. In
the control group with “standard therapy” the
prevalences were lower (metformin 87%, glita-
zone 58%, sulfonylureas 74%, and insulin
55%). Under improved metabolic control in
the intensified treatment group, a highly sig-
nificant reduction in risk for the occurrence of
micro- or macroalbuminuria was evident after
3.5 years of monitoring (Table 13.2).

After the study was terminated due to
increased mortality among the patients under-
going intensified therapy, the patients were
then assigned to the “standard treatment”
group and treatment continued in that way. In
antidiabetic therapy in the subsequent period,
less insulin (52%) and rosiglitazone (25%) was
administered. After a total of 5 years of follow-
up, HbA1lc in the originally intensively treated
group at 7.2% was still significantly lower than
it was in the standard therapy group (7.6%).
Just as with the UKPDS, the risk reductions
regarding the occurrence of micro- or mac-
roalbuminuria remained (-15% and -28%,
respectively).
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In the ADVANCE study [11] the proportions
of patients treated in the intensive arm were
94% for sulfonylurea (gliclazide), 74% for
metformin, and 17% for glitazone. Forty-one
percent of the patients received insulin. In the
standard therapy arm the prevalences were cor-
respondingly lower: sulfonylureas 62%, met-
formin 67%, glitazone 11%, and insulin 24%.
The group with intensified metabolic therapy
achieved a mean HbA1lc of 6.49%, which was
maintained over 5 years. Compared with the
conventionally treated group with an HbAlc
of 7.2% there was a significant reduction in the
risk for the occurrence of micro- and mac-
roalbuminuria (Table 13.2). There was no effect
on the end point “doubling of serum creati-
nine”. This was probably related to the short
period over which the patients were
monitored.

In the VADT study [12], which included
almost exclusively male patients, no signifi-
cant influence on the primary prevention of
diabetic nephropathy was detected. The diabe-
tes treatment was characterized by a high prev-
alence of insulin (90% in the intensive and
74% in the standard group). The prevalences
for metformin, sulfonylurea, or glitazone
dosing were similar (60%, 55%, 72%).

The presented studies show that in patients
with type 1 and type 2 diabetes there is a close
relationship between the quality of metabolic
control (HbAlc) and the development of dia-
betic nephropathy (micro/macroalbuminuria).

For primarily preventing diabetic nephropa-
thy in patients with type 1 diabetes and type
2 diabetes at a younger age and without con-
comitant cardiovascular complications, near-
normal glycemic control aiming for HbAlc
levels of <6.5% is suggested.

In type 2 diabetes afflicting older patients or
in the presence of cardiovascular complica-
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Reducing progression of diabetic nephropathy

tions, HbAlc levels in the range 6.5-7.5%
should be targeted.

The choice of antidiabetic drug has no
impact on the development of nephropathy.

The progression of nephropathy in its early
stages (micro/macroalbuminuria with normal
renal function) can be prevented or at least
slowed down by tight glycemic control. For
type 1 diabetes this was shown by a combined
analysis of the STENO studies I and II, in which
51 patients with microalbuminuria were ana-
lyzed for progression to macroalbuminuria
after 5 or 8 years of treatment with intensified
or conventional insulin therapy [13]. As Figure
13.2 shows, the progression rate was signifi-
cantly lower with better metabolic control.
Similar results were also revealed by the EDIC
study [6]: from type 1 diabetics who revealed
a microalbuminuria at the end of the DCCT
study, only 8% of the intensively treated, but
31% of the conventionally treated diabetics,
developed macroalbuminuria (Figure 13.2).
The recently published study following 22

years of monitoring confirmed these findings
and also showed that a high percentage (40%)
of patients can undergo a normalization of the
albuminuria under intensive therapy [14].

Intervention studies concerning type 1 dia-
betic patients with impaired renal function
have not been published. Monitoring studies
on smaller cohorts also revealed a positive
effect of good metabolic control in combina-
tion with good blood pressure control for
nephropathy progression [15, 16]. One Italian
study [16] showed that after multifactorial
treatment, i.e., near-normal glycemic control
(mean HbAlc 6.5%), intensive blood pressure
therapy with an angiotensin-converting
enzyme (ACE) inhibitor (mean blood pressure
120/75mmHg) and normalization of protein
intake (0.8-1.0g/kg body weight/day), progres-
sion of renal impairment could be arrested or
even reversed (Figure 13.3).

For patients with type 2 diabetes and micro-
albuminuria it could also be demonstrated
that good metabolic control can reduce the
progression of nephropathy [1, 17, 18]. In
the STENO-II study, type 2 diabetics with
microalbuminuria were randomly assigned to
receive either an intensive or a conventional
treatment regimen [1]. In addition to the goal

Type 1 diabetes Type 2 diabetes
HbA; (%)
40 85 7.8 8279 94 71 9.0 7.6
351
= 30
x
= 251
2204 Treatment
g 15 4 m conventional
g A
£ 10 u intensively
o i
0.
Steno | + Il EDIC Kumamoto  Steno-2
(13) (6) (18) M

Metabolic control and progression of nephropathy from microalbuminuria to macroalbuminuria in

studies with type 1 and type 2 diabetic patients.
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Multifactorial intervention and course of nephropathy in type 1 diabetic patients with advanced
stages of nephropathy. Reproduced from Manto A, Cotroneo P, Marra G, Magnani P, Tilli P, Greco AV, et al.
Effect of intensive treatment on diabetic nephropathy in patients with type | diabetes. Kidney Int 1995;

47(1):231-5.

of achieving near-normal metabolic control
(HbA1c <6.5%), the intensive therapy regimen
also included routine administration of an
ACE inhibitor and aspirin as well as intensified
lipid therapy. Under these measures the pro-
gression of nephropathy to macroalbuminuria
was considerably lower at 10% versus 24%
(Figure 13.2).

These findings were recently confirmed by
the VADT study and a study from China [19,
20]. Owing to intensified metabolic and anti-
hypertension treatment, a significant reduc-
tion in the progression of albumin excretion
and GFR decline could be achieved in patients
with an elevated albumin/creatinine ratio at
the study onset.

The benefits of a multifactorial interven-
tion with advanced nephropathy were shown
recently in the SURE study [21]. This study
investigated the influence of a “structured”

176

versus a “conventional” treatment in 205 type
2 diabetic patients with elevated serum creati-
nine (1.7-3.0mg/dL) where the end point
measure was terminal renal insufficiency. The
patients assigned to the structured treatment
group received multifactorial therapy with
the following therapeutic targets: blood
pressure <130/80mmHg, HbAlc <7.0%, low-
density lipoprotein cholesterol <100mg/dL,
triglycerides <175mg/dL, and treatment with
ACE inhibitors/AT1-blockers. The patients
were advised at regular intervals by diabetol-
ogy professionals, whereas for the control
group the therapeutic goals and medication
were left to the patient’s family doctor. In
the structured treatment group, the meta-
bolic control was better than controls, but
for blood pressure and lipid levels no differ-
ences were found. The structured therapy
resulted in a marked slowing of progression to
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Effects of structured versus usual care on
renal endpoint in type 2 diabetic patients with
advanced stages of nephropathy. Reproduced from
Chan JC, So W-Y, Yeung C-Y, Ko GT, Lau I-T, Tsang
M-W, et al. Effects of structured versus usual care on
renal endpoint in type 2 diabetes: the SURE study: a
randomized multicenter translational study. Diabetes
Care 2009;32(6):977-82.

the primary end point, terminal renal insuffi-
ciency, with the relative risk being reduced by
60% (Figure 13.4).

To delay the progression of a manifest diabetic
nephropathy, good metabolic control is an
essential component of any multifactorial
therapeutic strategy.

In type 1 diabetes and younger type 2 dia-
betics without cardiovascular complications,
the HbAlc value should lie below 7.0% in
order to reduce the progression.

In type 2 diabetes afflicting older patients or
in the presence of cardiovascular complica-
tions, HbAlc levels over a range 7.0-7.5%
should be targeted.

In the presence of a hypoglycemia detection
disorder or frequently occurring hypoglyc-
emias, the HbAlc target can be revised upwards,
at least temporarily.

With declining renal function attention
must be paid to the altered pharmacokinetics
of the administered agents in order to prevent
hypoglycemia.

The life expectancy of dialysis patients with
diabetes is significantly worse than that of
non-diabetics. Although one major reason for
this is the high cardiovascular morbidity of
diabetic patients at the onset of dialysis, other
complications such as infection, shunt prob-
lems, or electrolyte imbalances can also occur
more frequently. Whether good diabetes
management has an influence on the outcome
of these patients, no intervention studies
have yet been reported to address this. In the
1990s, observational studies on mostly smaller
cohorts showed that good metabolic control
was associated with improved survival progno-
sis [22, 23].

Two retrospective studies on data from
major suppliers of dialysis equipment in the
USA (Fresenius Medical Care and DaVita) con-
firmed the initial findings. Kalantar-Zadeh
et al. [24] examined mortality in 23 000 dialysis
patients with diabetes over a 3-year monitor-
ing period (2001-2004) as a function of meta-
bolic control. As Figure 13.5 shows, there was
a clear association between increasing HbAlc
levels and an increase in mortality (including
cardiovascular mortality). Furthermore, it was
also apparent in this study that a further reduc-
tion in HbAlc to below 5.0% was associated
with an increased mortality. The results from
Williams et al. [25] in a similar cohort con-
firmed these results: high mortality with low
(<6.0%) and high HbA1lc values (>11.0%). After
biometric adjustment for numerous confound-
ers, increased mortality with poor metabolic
control persisted. In patients with type 1 dia-
betes who were examined in a substudy,
however, a close association between HbAlc
and life prognosis was demonstrated. It could
not be deduced from the data whether the
increase in mortality at low HbAlc values was
a sign of malnutrition or increased morbidity,
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Relation between metabolic control and
all cause mortality (hazard ratio) in diabetic patients
under dialysis therapy and normal hemoglobin level.
Reproduced from Kalantar-Zadeh K, Kopple JD,
Regidor DL, Jing J, Shinaberger CS, Aronovitz J, et al.
A1C and survival in maintenance hemodialysis patients.
Diabetes Care 2007;30(5):1049-55.

or whether it pointed towards an increased risk
of hypoglycemia with consecutively increased
cardiovascular complications.

In the prospective 4D study the association
between metabolic control and survival could
be shown very clearly. Drechsler et al. [26] in
1255 hemodialysis patients with type 2 diabe-
tes revealed a highly significant correlation
between HbAlc and sudden cardiac death: for
HbAlc >8.0% the risk for a sudden death was
twice as high as it was with HbAlc <6.0 %
(Figure 13.6); for every percentage point that
HbAlc was raised, the risk for sudden death
was increased by 18%, whereas that for overall
mortality was raised by 8%. An association
with metabolic was not recognized with the
other chosen cardiovascular end points, i.e.,
stroke and heart attack.

257~ p<0.03
2.26

Hazard ratio

Sudden death

Myocardial infarction Stroke

I1HbATC < 6%
W HbA1C > 6 bis < 8%
M HbA1c > 8%

CV-endpoints combined

Relation between metabolic control and hazard ratio of sudden death, myocardial infarction,
and stroke in diabetic patients under dialysis therapy. Reproduced from Drechsler C, Krane V, Ritz E, Mérz W,
Wanner C. Glycemic control and cardiovascular events in diabetic hemodialysis patients. Circulation 2009;

120(24):2421-8.
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Reducing progression of diabetic nephropathy

The present studies show that with terminal
renal insufficiency and under dialysis therapy,
better metabolic control is associated with an
improved prognosis.

The specification of HbAlc target values with
terminal renal insufficiency and under renal
replacement therapy is difficult not only because
of the lack of any relevant studies, but also
because the HbAlc value may not accurately
reflect the metabolic situation. According to
available observations, an HbAlc value within
the range 6.5-8.0% would appear to be useful.

The metabolic control of a renally impaired dia-
betic patient is extremely important in view of
the high risk of hypoglycemia due to altered
therapeutic conditions. Reliable methods are
available both for blood glucose self-monitoring
and the monitoring of long-term glycemic
control. With renal insufficiency, however, con-
founding factors may come into play which must
be considered when interpreting measurements.

Blood glucose self-monitoring is an integral
part of any diabetes therapy, especially for
insulin-dependent patients. The implementa-
tion can, however, be impaired in patients
with renal insufficiency due to various factors.

Interfering substances

Several deaths have been described in recent
years that were due to incorrect blood glucose
measurements leading to incorrectly calculated
insulin injections [27]. The faulty readings
arose because of the inclusion of maltose
when using the test strips contained in the glu-
cose dehydrogenase pyrroloquinoline quinone
(GDH-PQQ) system. Increased maltose levels
can arise for example with peritoneal dialysis

using an icodextrin-containing dialysate, or
when administering maltose-containing immu-
noglobulins. As a result, most manufacturers
using the GDH-PQQ system have now with-
drawn the test strips from the market, or plan
to do so in the foreseeable future.

However, even when using glucose oxidase
test strips, possible interferences from reducing
substances needs to be considered. These
include substrates occurring naturally in the
blood, such as uric acid, bilirubin, or drugs
such as acetaminophen, ascorbic acid, and ace-
tylsalicylic acid, etc. The newer generations of
test strips appear to be freer from interference
because the confounding factors mentioned
only start to take effect at very high concentra-
tions. The instructions for using the test strips
must always be strictly followed if any interfer-
ence errors are to be avoided.

Changes in hematocrit

In patients with diabetic nephropathy a reduc-
tion in hemoglobin occurs earlier than is the
case for non-diabetic patients with kidney
failure. Changes in the hematocrit (HCT), i.e.,
the ratio of the liquid and corpuscular com-
ponents of the blood to one another, are
generally accompanied by changes in glucose
concentration: an HCT drop leads to an
increase in glucose concentration, an HCT rise
to a decrease in glucose concentration. In addi-
tion, however, changes in hematocrit per se
lead to interference of hand-held blood glucose
monitoring devices. According to the manu-
facturer’s instructions, newer instruments can
detect hematocrit changes and correct for
them, so that the measured blood glucose
levels in the HCT range can be 30-60% regard-
less of HCT status. Research from various
working groups has recently revealed, however,
that even newer blood glucose monitoring
devices are significantly susceptible to interfer-
ence from hematocrit changes within the low
and high ranges [28].
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A newer instrument for glucose monitoring, the
continuous glucose monitoring system (CGMS)
has until now been used rarely in dialysis
patients. Marshall et al. [29] described findings
from eight patients with diabetes undergoing
continuous ambulatory peritoneal dialysis treat-
ment for the first time in 2003. They found a
very good agreement between the venous and
the CGMS measured blood glucose levels.

Riveline et al. [30] recently investigated
19 hemodialysis and 39 non-dialysis-requiring
type 2 diabetic patients with the Medtronic
CGMS. The agreement between the blood
glucose levels upon capillary self-control and
the simultaneously measured sensor values
was also highly significant, regardless of any
dialysis requirement. In a comparison of the
profiles during the first 3 hours under dialysis
treatment and during a corresponding period
on the following day revealed significant dif-
ferences: on dialysis days the glucose profile
was markedly lower. Milder cases of hypoglyc-
emia were not rare, and were found in 35% of
patients during the day and 47% at night. All
the reported episodes, however, were only
short term and non-symptomatic forms of
hypoglycemia. In another study [31], about a
quarter of the 17 studied hemodialysis patients
with diabetes suffered reductions in blood
glucose below 50/dL that lasted 30 minutes.
Another study group who investigated only
eight patients reported results intermediary
between these two other studies [32].

The investigations showed that continuous
monitoring of glucose concentrations in the
interstitium operates reliably under dialysis
conditions, i.e., with strong fluctuations in
electrolyte and fluid content. It is also able to
detect mild hypoglycemia episodes, which
occur in a significant proportion of diabetics
upon dialysis. By applying appropriate correc-
tive therapy or timely initiation of control
measures these could, however, be avoided.
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Three clinical parameters are currently availa-
ble for long-term blood sugar monitoring: gly-
cosylated hemoglobin (HbAlc), fructosamine,
and glycosylated albumin (GA).

HbA1c

The diagnostic reliability of HbAlcas a “classic”
instrument for monitoring the quality of long-
term diabetes control can be impaired by
various factors in terminal renal insufficiency
or under dialysis therapy. It has long been
known that increasing urea levels can lead to
carbamylation of the hemoglobin molecule,
which with some HbAlc assay methods
(e.g., older ion exchange methods) can also be
recorded. These HbAlc values are erroneously
reported as higher than they should be. By
selecting a suitable HbAlc assay method
[immunological tests, modern high-performance
liquid chromatography method (HPLC)] this
problem can be circumvented.

Upon deterioration of renal function, patients
with diabetes show an early anemia that is
frequently due to iron deficiency [33]. Iron
deficiency can lead to a change in glycosyla-
tion. In one population study, a shift in HbAlc
towards higher values was detected in the pres-
ence of iron deficiency, although the magni-
tude of this change was not very large [34]. In
non-diabetic expectant mothers, a negative
association was observed between parameters
of iron deficiency (ferritin, transferrin satura-
tion) and HbAlc values, thus confirming this
relationship [35].

Conversely, iron therapy in the presence of
iron deficiency or administration of erythropoi-
etin (EPO) in the presence of renal anemia in
non-diabetic patients led to a significant
decrease in HbAlc levels unrelated to blood
glucose concentrations [36, 37]. In patients with
diabetes and impaired renal function (eGFR 20-
44ml/min) and anemia, Ng et al. [38] found a
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decrease in HbAlc by 0.4% after iron adminis-
tration and by 0.7% under EPO administration.
Simultaneously — implemented  seven-point
glucose measurements revealed no changes in
metabolic control during the monitoring period.

Such blood sugar independent HbA1c altera-
tions are due to a displacement of the erythro-
cyte population towards younger forms in
which the rate of glycosylation is decelerated.
Because of the shortened lifespan of erythro-
cytes in renal insufficiency, the exposure time
in the diabetic milieu is reduced, which can
also lead to lower HbAlc values. Among the
modern methods used in dialysis therapy,
reduced erythrocyte survival has been cast into
doubt. Studies by Joy et al. [39] were able to
show only a weak association between red cell
survival time and HbA1lc levels.

The aforementioned CGMS study of Riveline
et al. [30] was still able to show a significant
correlation in dialysis patients between the
blood glucose profiles and HbAlc values.
However, the slope of the relationship line was
different for diabetic and non-diabetic patients
(Figure 13.7). When interpreting HbAlc levels
in dialysis-dependent diabetics, the above-
cited confounding factors also need to be taken
into account, since this laboratory parameter
can be included without reservations for assess-
ing the metabolic state. Uzu et al. [40] proposed
conversion factors for HbAlc values which
take into account hematocrit and EPO dose as
confounding factors.

Fructosamine

Fructosamine is a general measure for glyco-
sylated proteins in the body and represents an
integral parameter reflecting metabolic control
for the previous 2-3 weeks. Although it is not
influenced by the factors that confound HbAlc
measurements, it does have its own battery of
potential confounders.

High uric acid concentrations, for example,
can lead to erroneous measurements. Sch-
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Correlation between mean glucose
obtained through the continuous glucose monitoring
system (CGMS) and glycosylated hemoglobin (HbA1c)
in type 2 diabetic patients on dialysis therapy and type
2 diabetic patients without dialysis therapy. Correlation
in dialyzed patients—triangles (r=0.47; p = 0.042).
Correlation in non-dialyzed patients—circles (r = 0.71;
p < 0.001 [30]). Reproduced from Riveline J-P, Teynie
J, Belmouaz S, Franc S, Dardari D, Bauwens M, et al.
Glycaemic control in type 2 diabetic patients on
chronic haemodialysis: use of a continuous glucose
monitoring system. Nephrol Dial Transplant 2009;24(9):
2866-71.

leicher et al. [41] showed that only about 50%
of the reducing activity is determined by spe-
cific non-enzymatic glycosylation of proteins.
A further disadvantage of this parameter lies in
the fact that it illustrates the glycosylation
levels of numerous proteins with differing turn-
overs. Erroneously low values can be reported
in disorders of protein metabolism, e.g., with
nephrotic syndrome or liver cirrhosis. Regard-
ing the incidence of diabetes-typical complica-
tions, fructosamine has not been adequately
assessed in a clinical setting. In a recent study
on dialysis-dependent diabetics, in which fruc-
tosamine was corrected to the albumin con-
centration, an association with an increased
susceptibility to infection and hospitalization
was found [42].

Glycosylated albumin

An alternative to HbAlc determination that has
been introduced in recent years is glycosylated
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Reducing progression of diabetic nephropathy

albumin, which today can be measured easily
by HPLC and an enzymatic assay [43, 44].
Owing to the shorter half-life of albumin than
glycosylated hemoglobin, albumin reflects a
shorter period of diabetes control and is unaf-
fected by hemoglobin metabolism disorders. In
comparative studies on HbAlc and glyco-
sylated albumin, almost all studies concluded
that an uncorrected HbAlc underestimates
the metabolic situation, and that the percent-
age of glycosylated albumin therefore reflects
it better. Compared with HbAlc, however,
glycosylated albumin has not been properly
validated in long-term monitoring. Initial
investigations have shown that a high level
of glycosylated albumin is associated with
increased vascular stiffness, increased cardio-
vascular morbidity, and shortened survival in
dialysis patients [45-47]. It is also unclear
which glycosylated albumin value should be
targeted. Ultimately, confounding factors also
need to be considered with this parameter. As
such, diseases that are associated with changes
in albumin metabolism, including proteinuria,
liver disease, thyroid dysfunction, or chronic
inflammation, can also affect this marker.
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Dosage of antihyperglycemic drugs
in patients with renal insufficiency

Alexander Simann and Ulrich A. Miiller

Jena University Hospital, Jena, Germany

e Metformin lowers diabetic late complications and
death rate in obese people with diabetes.

e There is no general agreement at which glomerular
filtration rate metformin should be stopped, usually
at chronic kidney disease stage 3.

¢ Glibenclamide prevents microsvascular complications.
e Glibenclamide may cause hypoglycemia, especially
in people with near-normal glycosylated hemo-
globin (HbA1c) short diabetes duration and renal
insufficiency.

e Glibenclamide should be stopped at chronic kidney
disease (CKD) stage 4.

e Gliquidon and glinides have no limitations in
CKD; however the evidence for lesser hypoglycemia
is weak.

e Sitagliptin and linagliptin have no limitations in
CKD, but long-term benefit or harm is unknown

e Insulin has no limitations in any stages of CKD
including dialysis.

e Adjustment of insulin dose is necessary in advanced
stages of CKD.

e Structured diabetes education prevents hypoglyc-
emia and diabetic foot syndrome.

The prevalence of type 2 diabetes, as well as
micro- and macrovascular complications due
to type 1 and 2 diabetes is high [1-4]. The
cardiovascular risk in type 2 diabetes is similar
to non-diabetic individuals who have already
had a cardiovascular event [5].

Declining renal function has contrary effects
on blood glucose metabolism. Peripheral insulin
resistance increases while renal gluconeogen-
esis and hypoglycemic counter-regulation
decreases [6, 7]. The clearance of insulin
and other antihyperglycemic agents declines,
which results in pharmacokinetic and phar-
macodynamic changes with increased risk of
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Dosage of antihyperglycemic drugs in patients

hypoglycemia [8]. The failure to notice asymp-
tomatically declining renal function can hinder
necessary dosage adjustments.

While insulin therapy is the only therapeu-
tic option in type 1 diabetes, the treatment
algorithms in type 2 diabetes are more com-
plex. The basic intervention should be non-
pharmacological by weight reduction, dietary
adjustments, and lifestyle intervention. If gly-
cemic goals are not achieved, oral antihyperg-
lycemic mono- and combination therapy can
be added. Insulin therapy should be the last
step [9, 10].

There are eight groups of antihyperglycemic
medicines involving biguanides, sulfonylureas,
meglitinides, glitazones, glucosidase inhibi-
tors, gliptins, glucagon-like peptide (GLP)-1
analogues, and insulin. All agents are well
evaluated regarding the effects on surrogate
parameters such as blood glucose and HbAlc.
But only for insulin, metformin, and glibencla-
mide has an improvement in diabetes-related
complications been shown [11, 12]. Head-to-
head studies on long-term outcomes and side
effects of antihyperglycemic mono- and com-
bination therapy in patients with and without
diabetes-related complications are still lacking.
National drug permissions differ. This chapter
adopts the regulations of the European Medi-
cines Agency (EMA) on dose adjustments or
contraindications in renal insufficiency.

Near-normal glycemia can reduce micro-
and might reduce macrovascular complica-
tions in type 1 and type 2 diabetes [11-135].
Overly aggressive blood glucose lowering in
aged, multimorbid patients with type 2 diabe-
tes and polypharmacy can increase severe
hypoglycemia and mortality [16]. Therefore,
individual glycemic goals should be set while
taking account of life expectancy, comorbidi-
ties, ability to undertake diabetes therapy, and
to control side effects, as well as personal
health wishes and values [17-20]. An HbAlc
between 6.5% and 7.5% (47-58 mmol/mol)
should be aimed for, to avoid microvascular

complications [9, 10]. Less tight glucose control
is necessary to stop hyperglycemic symptoms
and acute complications (HbAlc 8-10%; 66—
86 mmol/mol).

History

The antihyperglycemic properties of demethyl-
biguanid and its derivatives were first described
in the 1920s [21, 22]. It took 30 years until
the biguanids metformin, phenformin, and
buformin entered clinical practice. The Univer-
sity Group Diabetes Project (UGDP study) and
recurrent reports on fatal lactic acidosis due to
phenformin and buformin ended the clinical
use of these agents in 1977/78 [23]. Metformin
remained in use for a much lower incidence
of lactic acidosis. As a result of the United
Kingdom Prospective Diabetes Study (UKPDS),
metformin experienced a renaissance in 1998
for its then proven, favorable effects on micro-
and macrovascular complications in type 2
diabetes [11].

Mechanism of action

Metformin lowers pre- and postprandial blood
glucose without the risk of hypoglycemia.
Metformin delays intestinal glucose uptake,
suppresses hepatic gluconeogenesis and gly-
cogenolysis, and might improve peripheral
insulin sensitivity by activation of AMP-
activated protein kinase [24-26]. Metformin
improves serum lipid profiles by increasing
lipid oxidation, and may have beneficial renal
pleiotropic effects by influencing insulin resist-
ance, oxidative stress, and chronic inflamma-
tion [27-29].

Indications and contraindications

Metformin is indicated in adults with type
2 diabetes, particularly in obese patients
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who fail glycemic goals even though non-
pharmacological interventions are adequate.
Metformin is indicated in mono- and combi-
nation therapy with other antihyperglycemic
agents including insulin.

Metformin is contraindicated in diabetic
ketoacidosis, coma, cardiac, or respiratory fail-
ure, recent myocardial infarction, hepatic
insufficiency, acute alcohol intoxication, alcohol-
ism, and lactation. Furthermore, acute diseases
with the potential to impair renal function,
including dehydration, severe infection, shock,
and intravascular administration of iodinated
contrast agents, are contraindications.

Chronic kidney disease

Metformin can be given in chronic kidney
disease (CKD) stage 1-2 without dosage adjust-
ment. In elderly people, metformin adminis-
tration has to be re-evaluated regularly because
of possible changes in kidney function.
However, there is controversy on when to stop
metformin in CKD, i.e., German Diabetes
Association, glomerular filtration rate (GFR)
<60mL/min; EMA, serum creatinine >110umol/L
(females) and >135umol/L (males); other
authors, <35mL/min or serum creatinine
>150 umol/L [30-32].

Comedication which can deteriorate renal
function, e.g., diuretics, angiotensin-converting
enzyme inhibitors, non-steroidal antirheu-
matic drugs, requires careful monitoring. In
planned surgery with general anesthesia and
administration of iodinated contrast agents,
metformin should be discontinued 48 hours
before and after. Kidney function should be
monitored before readministration of met-
formin therapy.

Side effects

In about 10% of patients, metformin causes
gastrointestinal symptoms, including nausea,
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vomiting, abdominal pain, and loss of appetite.
These symptoms can resolve spontaneously.
Starting low and increasing dosage slowly can
prevent gastrointestinal discomfort.

Medical conditions with possible metformin
accumulation can cause lactic acidosis. Lactic
acidosis is infrequent but potentially fatal (mor-
tality rate 25-50%), with estimates of three to
four cases per 100000 patient-years in routine
care [24, 33, 34]. Most patients with metformin-
associated lactic acidosis had severely impaired
renal function. However, a Cochrane review,
with pooled data from 347 prospective trials,
revealed no cases of fatal or non-fatal lactic aci-
dosis in 70490 well-documented patient-years
of metformin use [35].

Lactic acidosis presents with metabolic aci-
dosis, hyperventilation, abdominal pain, and
disturbed vigilance followed by coma. Labora-
tory findings include metabolic acidosis,
increased anion gap, and plasma lactate level.
Lactic acidosis is a medical emergency which
requires intensive care monitoring and sup-
portive treatment. Hemodialysis is the most
effective method to remove lactate and met-
formin, and to correct electrolyte and acid-
base disturbances [34, 36]. There is only
anecdotal evidence of the controversy about
when to initiate hemodialysis in patients
without terminal kidney failure [37, 38].

Evaluation

Metformin lowers HbAlc by about 1%. The
UKPDS was a landmark study in type 2 diabetes
therapy. It compared intensive and conven-
tional antihyperglycemic therapy using
metformin, chlorpropamide, glibenclamide, gli-
pizide, or insulin. Metformin monotherapy was
superior in the reduction of any diabetes-related
complication, myocardial infarction, diabetes-
related mortality, and overall mortality (Table
14.1) [11, 12]. According to a Cochrane review,
metformin is the first antihyperglycemic
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United Kingdom Prospective Diabetes Study: outcomes of antihyperglycemic therapy in type 2

diabetes

Any diabetes-

Therapy group related end point®

Metformin monotherapy 30
(HbATc 7.4%)°

Sulfonylurea/insulin 40
(HbA1c 7.4%)°

Diet 43

(HbA1c 8%)°

Myocardial  Diabetes-related Overall

Infarction® mortality® mortality®
1M 8 14
14 10 19
18 13 21

°Events/1000 patient-years. "Mean HbA1c over 10 years of follow-up [11].
Reproduced from Effect of intensive blood-glucose control with metformin on complications in overweight
patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;

352(9131):854-65. Epub 1998/09/22.

choice in obese patients with type 2 diabetes
because of its benefits on vascular complica-
tions, glycemic control, body weight, serum
lipids, insulinemia, and diastolic blood pres-
sure [39].

The metformin controversy in
moderate to severe chronic kidney
disease

Metformin has evaluated advantages on mac-
rovascular complications in type 2 diabetes
[11]. The extremely low risk of lactic acidosis
in CKD limits use. But there are arguments
against this paradigm. Since metformin is
frequently used, it might be an “innocent
bystander” in severely ill patients with lactic
acidosis and sepsis, hypovolemia, or myocar-
dial infarction [40]. There is evidence that
might support the safe use of appropriate doses
of metformin in patients with chronic but oth-
erwise stable renal impairment [41]. Alterna-
tive antihyperglycemic agents could carry a
greater risk of serious side effects, notably
hypoglycemia [42]. Other traditional contrain-
dications to metformin use such as heart
failure are also being re-evaluated, as the ben-
efits of metformin in these patients are increas-
ingly recognized [43].

History

During the typhoid fever epidemic in Montpel-
lier in 1942, Marcel Janbon and colleagues
described severe hyporglycemic side effects
of the antimicrobial agent sulfonamidothio-
diazol [44]. In 1956, systematic research work
yielded the first oral antidiabetic sulfonylurea
(SU), cerbutamid, which still had antimicrobial
effects. By changing an amino- to a methyl
group the next agents were tolbutamide and
chlorpropramide, which lost its antimicrobial
properties. The development of more effective
antihyperglycemic SUs resulted in the classifi-
cation of first- (lead substance: tolbutamide),
second- (glibenclamide) and third-generation
SUs (glimepiride) by Ernst-Friedrich Pfeiffer in
1971 [45].

Mechanism of action

Sulfonylureas (SUs) trigger insulin secretion by
closing ATP-sensitive potassium channels at
the B-cell. There are isoforms of SU receptors
(SURs) in different tissues, i.e., SUR-1 in pan-
creatic B-cells, SUR-2A in cardiac cells and
SUR-2B in smooth muscle cells. SUs become
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metabolized by hepatic cytochrome P450
CYP2C9 [46, 47]. Moreover SUs can improve
insulin sensitivity by stimulation of transmem-
branous glucose transporters in muscle and fat
cells, and lowering of hepatic inactivation.

Indications and contraindications

SUs are mainly indicated in non-obese patients
with type 2diabetes, whennon-pharmacological
interventions fail to achieve glycemic goals.
SUs can be given as mono- and combination
therapy including insulin.

SUs should not be used in insulin-dependent
diabetes, diabetic coma, ketoacidosis, lacta-
tion, pregnancy, and/or severe renal or hepatic
failure.

Chronic kidney disease

SUs can be applied in CKD stages 1-3. Dosage
adjustment may become necessary in CKD
stage 3. Gliquidon is fecal eliminated and,
therefore, has a theoretically lower risk of
hypoglycemia in CKD.

Side effects

SUs can increase body weight, i.e., 1.7 kg more
than placebo within 10 years, which limits
their use in obese patients [12, 48]. Severe
hypoglycemia is the most serious and poten-
tially life-threatening complication of SUs.
The individual risk of severe hypoglycemia
depends on multiple factors, including dia-
betes duration, therapy goals, diabetes educa-
tion, isoforms of CYP2C9, short duration
of therapy with SU, near-normal glycaemia,
history of severe hypoglycemia and hypoglyc-
emia unawareness, comorbidities, and socioe-
conomic status [49-52]. Meals cannot be skipped
or taken at irregular intervals. Other factors
which favor hypoglycemia include alterations
of diet, increased physical activity, alcohol
consumption, acute renal or hepatic failure, or
overdosage. Prolonged or recurrent hypoglyc-
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emia should be considered, especially in third-
generation SUs.

Evaluation

SUs lower HbA1c by about 1%. The UKPDS has
shown a 3.9% absolute (34% relative) risk
reduction regarding microvascular end points
for 5467 person-years with SUs compared with
placebo. This favorable result was sustained 10
years after the end of the main trial [11, 53].

The controversy about myocardial
infarction

In 1970, the UGDP study gave rise to con-
cerns of tolbutamide-associated cardiovascular
mortality [54]. SUs are suspected of reducing
ischemic preconditioning in patients with
stable coronary heart disease [55]. This might
lower myocardial ischemic tolerance in acute
coronary syndrome. The importance of this
mechanism is unclear. The 10-year observa-
tional follow-up of the UKPDS did not show
increased cardiovascular complications com-
pared with insulin or metformin [11, 12, 53].
But since patients with known coronary heart
disease were excluded, the UKPDS data cannot
prove the cardiovascular safety of SUs. Epide-
miological studies indicate differences in the
cardiovascular risk of various SUs [56, 57].

History

The German pharmaceutical company Dr. Karl
Thomae investigated meglitinides from 1983.
Thomae was later acquired by Boehringer-
Ingelheim, which licensed the agent to Novo
Nordisk. Novo Nordisk developed repaglinide
and gained the marketing authorization for
Prandin and Novonorm in 1997. The patent
ended in 2009, and generic medicines appeared.
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The marketing of nateglinide and mitiglinide
started in 2000 and 2004.

Mechanism of action

Repaglinide and mitiglinide are benzoic acid
derivatives, and nateglinide, a D-phenylalanine
derivative, exhibits insulinotropic effects by
stimulating pancreatic SURs. Compared with
SU, meglitinides receptor activation is more
rapid and shorter. Repaglinide is hepatic-
metabolized and fecal-eliminated, while
nateglinide is hepatic-metabolized and renal-
excreted by about 80%.

Indications and contraindications

Meglitinides are indicated in type 2 diabetes
when glycemic goals are not achieved through
adequate non-pharmacological interventions.
Repaglinide can be given in mono- or com-
bination therapy with metformin. Nategli-
nide can only be given in combination with
metformin.

Contraindications involve ketoacidosis, severe
liver failure, and comedication with gemfibrozil.

Chronic kidney disease

Repaglinide may be given in all stages of renal
failure. Dosage adjustments should be consid-
ered at CKD stage 4-5. Nateglinide should be
combined with metformin, which means a
contraindication at CKD stage 3-5.

Side effects

Meglitinides can cause hypoglycemia similar
to SUs (please also compare the concerns of
cardiovascular risk of severe hypoglycemia).

Evaluation

Repaglinide and nateglinide/metformin lower
HbAlc by about 1%. The effect on patient-
relevant long-term outcomes has not been

investigated. The safety data of repaglinide in
progressed renal failure is limited. Only one
study with 3 months of follow-up compared
repaglinide in 108 patients with mild to moder-
ate renal failure, and 22 patients with severe to
preterminal renal failure [58]. There was a non-
significant trend to greater and more severe
side effects in decreasing renal function.

History

Troglitazone was the first thiazolidinedione
(TZD), which was authorized in early 1997.
Marketing ended in 1997 and 2000 because of
serious liver complications [59, 60]. Suppos-
edly some 100 patients died from acute liver
failure or received liver transplants [61]. The
“troglitazone story” underlines the importance
of robust pharmacovigilance systems and inde-
pendent, critical, appraisal of new medicines
by regulatory authorities and the medical com-
munity. Rosiglitazone, the next TZD was sub-
stantially less liver toxic but was withdrawn
in 2010 because of serious cardiovascular and
osteoskeletal complications, as well as conges-
tive heart failure [62, 63].

Mechanism of action

TZDs activate the nuclear PPAR y-type receptor
(peroxisome proliferator activated y-receptor),
which acts as a transcription factor for various
genes. TZDs increase insulin sensitivity of muscle,
adipose, and hepatic tissues without influenc-
ing insulin secretion. Hepatic CYP2C8 and
other cytochromes metabolize TZDs. Polymor-
phism of hepatic cytochromes can impact on
the action and side effects of TZDs [64].

Indications and contraindications

Pioglitazone is the only TZD left on the
market. Pioglitazone is indicated in com-
bination therapy in type 2 diabetes when
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non-pharmacological interventions fail to
achieve glycemic goals. Pioglitazone can be
used as monotherapy if metformin cannot be
given. Pioglitazone is contraindicated in con-
gestive heart failure [New York Heart Associa-
tion (NYHA) I-IV], reduced liver function,
pregnancy, lactation, and bladder cancer.

Chronic kidney disease

Pioglitazone can be administered until the GFR
declines to 4mL/min, but not if renal replace-
ment therapy has been initiated. The coinci-
dence of CKD and congestive heart failure is
frequent, pioglitazone should be carefully con-
sidered and monitored accordingly [65].

Side effects

Pioglitazone causes fluid retention and exacer-
bates congestive heart failure [66]. Pioglitazone
increases fracture risk in women [67].The EMA
performed a thorough review of the clinical
data of more than 12000 patients on pioglita-
zone in 2011 and reported an increased risk
of bladder cancer (prevalence 0.15% versus
0.07%). The use of pioglitazone has been sus-
pended in France, and reimbursement was
stopped in Germany in 2011.

Evaluation

Pioglitazone lowers HbAlc by about 1%. The
benefit-risk ratio remains unclear. A Cochrane
review found no evidence that pioglitazone
improves patient-oriented outcomes, includ-
ing mortality, morbidity, adverse effects, costs,
and health-related quality of life [68].

History

In the late 1960s, the pharmaceutical company
Bayer investigated agents inhibiting enteric car-
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bohydrate digestion. Since 1970, Bodo Junge and
collaborators at Bayer isolated and developed
the agent acarbose, a pseudo-tetrasaccharide
which was derived from the bacterium Actino-
planes [69]. In 1990, Bayer started the market-
ing of the first glucosidase inhibitor, acarbose.
Sanofi licensed Miglitol from Bayer, and
brought it to the market in 1998. Voglibose, the
third glucosidase inhibitor, is marketed in India
and Japan.

Mechanism of action

Glycosidases such as glucoamylase, lactase, iso-
maltase, and saccharase are located in the
brush border of the small intestine mucosa,
and break up enteral polysaccharides [70].
Acarbose, miglitol, and voglibose inhibit enteric
glucosidases competitively and reversibly. This
mechanism reduces pre- and postprandial
blood glucose peaks. The agent acts locally but
has multiple side effects on gastrointestinal
hormones [71, 72].

Indications and contraindications

Glucosidase inhibitors are indicated in type 2
diabetes when glycemic goals are not achieved
through adequate weight reduction, dietary
adjustments and life style interventions. Com-
bination therapy with SUs is possible.

Contraindications are bowel inflammation,
stenosis, ulceration and passage disturbances,
hernias, and impaired enteral uptake. Glu-
cosidase inhibitors are contraindicated during
pregnancy and lactation.

Chronic kidney disease

Acarbose, miglitol, and voglibose can be given
in CKD stage 1-3 without dosage adjustments.
Side effects

The gastrointestinal side effects including
abdominal discomfort, diarrhea, and flatu-
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lence, are caused by the mechanism of action.
The symptoms can decline over time and with
dietary adjustments.

Evaluation

Glucosidase inhibitors lower HbAlc by 0.5-
0.8%. The association of postprandial glycemic
peaks in diabetes and cardiovascular complica-
tions is well documented in various epidemio-
logical, but not in interventional, studies [73].
The effect of glucosidase inhibitors on mortal-
ity, morbidity, and quality of life in patients
with type 2 diabetes remains unclear [74].

History

In the mid-1960s, experiments on the differ-
ence of insulin release after oral and intrave-
nous administered glucose postulated unknown
glucoregulatory intestinal hormones, so-called
incretins. Further research elucidated two
incretins, glucose-dependent insulinotropic
peptide (GIP) in 1970 and, 15 years later, the
glucagon-like peptide (GLP-1). Since both hor-
mones are rapidly inactivated by the enzyme
dipeptidylpeptidase-4 (DPP-4), pharmaceutical
research focused on the development of long-
acting GLP-1 and agents which stabilize endog-
enous GLP-1. The first long-acting GLP-1
analogue exenatid (Byetta) was originally
found in the saliva of the Gila monster in 1992
by John Eng, and received marketing permis-
sion in 2005. The first DPP-4 inhibitor, sitaglip-
tin, was authorized in 2006.

Mechanism of action

DPP-4 is expressed in many tissues, including
intestine, kidneys, liver, lung, T-cells, B-cells
and natural killer cells [75]. Incretins inhibit
glucagon secretion and stimulate insulin
release in a blood glucose-dependent manner

[76]. Incretins trigger almost 70% of post-
prandial insulin secretion and lower pre- and
postprandial glycemia. DPP-4 inhibitors bind
selectively to DPP-4 and prevent the rapid
hydrolysis of incretin. DPP-4 inhibitors cannot
trigger  hypoglycemia. DPP-4 inhibitors
become inactivated by hepatic metabolism or
hydrolysis.

The injectable GLP-1 agonist exenatide has
only limited homology with GLP-1 [77]. This
increases its resistance to DPP-4 and prolongs
its half-life time. Liraglutide is a long-acting
true GLP-1 analogue, which received approval
in 2009. Oral variants are under investigation.
GLP-1 analogues reduce body weight and body
fat mass through reducing hunger and energy
intake.

Indications and contraindications

DPP-4 inhibitors and GLP-1 agents are indi-
cated in patients with type 2 diabetes when
glycemia is inadequately controlled by weight
reduction, dietary adjustments and lifestyle
interventions. The indication for mono- and
combination therapies with other oral antihy-
perglycemic agents and insulin varies (please
compare with Table 14.4 below).

Contraindications involve mild to severe
hepatic impairment, pregnancy, and lactation.
Vildagliptin is not recommended in congestive
heart failure NYHA class III-1V. Thyroid adverse
events, including increased blood calcitonin,
goiter, and thyroid neoplasm, have been reported
in clinical trials in particular in patients with
pre-existing thyroid disease [78].

Side effects

DPP-4 inhibitors prolong the action of neu-
ropeptides, growth hormone-releasing hor-
mone, chemokines (stromal cell derived factor
1, macrophage-derived chemokine), regulate
the specific and non-specific cellular immune
system, the migration of CD34+ progenitor
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cells, and hematopoietic stem cells [79]. The
long-term safety has still to be investigated.
DPP-4 inhibitors and GLP-1 analogues can
increase the risk of hemorrhagic and necrotiz-
ing pancreatitis (linagliptin 2 events in 2566
patients versus zero in 1183 patients receiving
placebo) [80]. Patients should be informed of
the risk and symptoms of pancreatitis.

Renal insufficiency

The limitations in renal impairment differ and
may change in future (Tables 14.2-14.4).

Evaluation

GLP-1 analogues and DPP-4 inhibitors lower
HbAlc by about 0.5-1% without triggering
hypoglycemia [80, 81]. GLP-1 analogues can
lower body weight by 3kg [82]. The effects of
incretin-based therapy on mortality, morbid-
ity, and quality of life and long-term safety is
unclear. A cancer registry has been established
to monitor a possible increased cancer risk over
the next 15 years.

History

The discovery of insulin has saved millions of
lives to date. It is a brilliant piece of modern
scientific medical history involving the out-
standing personalities of Paul Langerhans,
Oscar Minkowski, Sir Frederick Grant Banting,
Charles Herbert Best, James Bertram Collip,
Hans Christian Hagedorn, and others. The
next milestones of antidiabetic insulin therapy
were the development of blood glucose self-
monitoring stripes in the 1960s, followed by
the introduction of structured patient educa-
tion programs for diabetes self-management
in the 1970s by Michael Berger and colleagues.
In 1993, the landmark study Diabetes Control
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and Complications Trial proved the concept of
near-normoglycemic intensive, flexible insulin
therapy.

Mechanism of action

Human insulin and insulin analogues act as
physiological substitutes on insulin receptors
and correct a relative or absolute insulin defi-
ciency. Although endogenous insulin becomes
inactivated within minutes, the pharmacody-
namic properties of short-, intermediate- and
long-acting insulin and insulin analogues are
modified, and result in the intrinsic risk of
hypoglycemia. Insulin becomes inactivated by
endocytosis of the insulin-receptor complex,
and hepatic and renal clearance [83].

Indications and contraindications

Insulin and insulin analogues are indicated in
the treatment of diabetes mellitus in adults
and children. It can be combined with all oral
antihyperglycemic medicines except certain
DPP-4 inhibitors (Table 14.4).

Side effects

Hypoglycemia is the most relevant side effect
of insulin therapy. In elderly patients, during
acute illness, in glycemia-modifying comed-
ication, intensive physical activity, renal or
hepatic impairment, and other conditions
with high risk of hypo- and hyperglycemia,
glucose monitoring and insulin dose adjust-
ment should be intensified on an individual
basis.

Renal insufficiency

Insulin and insulin analogues can be used in
all stages of CKD. In CKD, insulin action
can change individually in an unpredictable
manner; therefore, general advice on dose
adjustments cannot be given. Glucose moni-
toring and insulin dose adjustment should be
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Dosage of antihyperglycemic drugs in patients

Indications of antihyperglycemic medicines depending on stage of chronic kidney disease (CKD),
GFR-glomerular filtration rate

CKD stage 1 2 3 4 5

Metformin Indicated in GFR >60 mL/min
Nateglinide/metformin Indicated in GFR >60 mL/min

Liraglutide Indicated in GFR >60 mL/min

Exenatide Indicated in GFR >30mL/min, adjust dose if GFR <50 mL/min
Glibenclamide Indicated in GFR >30mL/min, adjust dose if GFR <60 mL/min
Gliclazide Indicated in GFR >30mL/min, adjust dose if GFR <60 mL/min
Glimepiride Indicated in GFR >30 mL/min, adjust dose if GFR <60 mL/min
Gliquidon Indicated in GFR >30mL/min, adjust dose if GFR <60 mL/min
Acarbose Indicated in GFR >25mL/min, no dose adjustment

Miglitol Indicated in GFR >25mL/min, no dose adjustment

Pioglitazone Indicated in GFR >4 mL/min, no dose adjustment, contraindicated in dialysis
Repaglinide No limitation, consider dose adjustment

Linagliptin No limitation, consider dose adjustment

Sitagliptin No limitation, consider dose adjustment

Normal insulin No limitation, consider dose adjustment

Insulin lispro No limitation, consider dose adjustment

NPH insulin No limitation, consider dose adjustment

Insulin glargine No limitation, consider dose adjustment

Indications and renal limitations of DPP-4 inhibitors, stage of chronic kidney disease (CKD) displayed

Exenatide Liraglutide Linagliptin Saxagliptin  Sitagliptin  Vildagliptin

Monotherapy CKD 1-5 CKD 1-5

Combined with CKD 1-2 CKD 1-2 CKD 1-2 CKD 1-2 CKD 1-2 CKD 1-2
Metformin

Combined with CKD 1-3 CKD 1-2 CKD 1-3 CKD 1-3 CKD 1-2
sulfonylurea

Combined with CKD 1-3 CKD 1-5* CKD 1-5 CKD 1-2
pioglitazone

Combined with CKD 1-2 CKD 1-2 CKD 1-2 CKD 1-2

metformin and
sulfonylurea

Combined with CKD 1-2 CKD 1-2 CKD 1-2
metformin and
pioglitazone

Combined with insulin CKD 1-5* CKD 1-5

*Not in dialysis.
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Dosage of antihyperglycemic drugs in patients

intensified on an individual basis. Patient edu-
cation is an effective method of decreasing the
risk of severe hypoglycemia while improving
glycemic control.

Evaluation

Insulin therapy reduces microvascular diabetes-
related complications in type 1 and type 2 dia-
betes [12, 15]. The effect of insulin therapy on
macrovascular morbidity and overall mortality
is less well investigated [12, 14]. The risk of
severe hypoglycemia can be reduced by struc-
tured diabetes self-management programs [84].
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Reducing progression of diabetic
nephropathy by antihypertensive

treatment

Anita Hansen, Ivo Quack and Lars Christian Rump

Heinrich-Heine University Diisseldorf, Diisseldorf, Germany

e Achieving low blood pressure levels is the most
important goal to prevent diabetic nephropathy in
patients with type 2 diabetes. The higher the initial
blood pressure the greater is the treatment effect.

e Blockers of the renin-angiotensin system should be
preferred as first-line treatment in hypertensive type
1 and type 2 diabetics with proteinuria/albuminuria
and/or advanced nephropathy.

e A pronounced antiproteinuric response to antihy-
pertensive treatment indicates a better prognosis of
diabetic nephropathy.

e Renin-angiotensin system blockers are antipro-
teinuric independent of their blood pressure-lowering
effect in diabetic nephropathy and this effect seems
to be dose dependent.

e Combinations of different blockers of the renin—
angiotensin system should be avoided in patients
with type 2 diabetes and/or with chronic kidney
disease defined as a glomerular filtration rate <60 mL/
min/1.73m?. Combination therapy with a renin inhib-
itor and angiotensin-converting enzyme inhibitors or
AT1-blockers is contraindicated according to an
announcement by the European Medical Association
in February 2012.

e In type 2 diabetics individualized blood pressure
targets lower than 140/90 mmHg should be achieved
in the range of 130-139/80-85mmHg or even lower
if tolerable, adjusted to age and concomitant
diseases.

Diabetic nephropathy is the leading cause of
end-stage renal disease [1]. Microalbuminuria
defined as urinary albumin excretion rate of
30mg/g creatinine or greater is the first detect-

able sign of diabetic nephropathy. Antihyper-
tensive treatment does not only reduce blood
pressure but also albuminuria and is expected
to slow the decline of glomerular filtration
rate (GFR). Another beneficial side effect is the
reduction of cardiovascular risk. This review
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Reducing progression of diabetic nephropathy

focuses on prevention and slowing of progres-
sion of diabetic nephropathy by antihyperten-
sive treatment.

In diabetics, glomerular hyperfiltration and
microinflammation are thought to be early
and important mechanisms of kidney injury.
Lowering blood pressure by renin-angiotensin
system (RAS) blockers may therefore be a pos-
sible approach to prevent diabetic nephropa-
thy. This hypothesis was tested in two main
trials in type 2 diabetes [2, 3] and in two trials
with type 1 diabetes [4, 5].

BENEDICT and ROADMAP

The Bergamo Nephrologic Diabetes Complica-
tions Trial (BENEDICT) investigated whether
angiotensin-converting enzyme (ACE) inhibi-
tors and non-dihydropyridine calcium channel
blockers alone or in combination prevent
microalbuminuria in type 2 diabetics [2]. In
this double-blind randomized trial 1204 nor-
moalbuminuric patients were enrolled. Blood
pressure levels at baseline were higher than
130/85 mmHg, creatinine <1.5mg/dL and dia-
betes duration less than 25 years. Patients were
randomized to four groups receiving trandol-
aprilin combination with verapamil (2/180mg),
trandolapril alone (2mg), verapamil alone
(240mg) and placebo with baseline blood pres-
sures between 150.1 +13.1/87.5 £ 7.2mmHg
and 151.9 £ 15.4/87.7 + 7.6 mmHg. Target blood
pressure level was 120/80mmHg and addi-
tional antihypertensive drugs were allowed.
The primary end point was the development
of persistent micoalbuminuria. After a median
of 3.6 years, 5.7% of patients treated with the
combination therapy of trandolapril with vera-
pamil developed microalbuminuria compared
with 10% in subjects receiving placebo, 6% in

patients with trandolapril alone and 11.9% in
patients with verapamil alone. Thus, treatment
with trandolapril in combination with vera-
pamil or alone significantly delayed the onset
of microalbuminuria by a factor of 2.6 and 2.1
compared with placebo or verapamil alone.
The achieved mean blood pressure levels
were slightly lower in the trandolapril groups
with 139 + 10/80 £+ 6mmHg (combination
therapy), 139 £ 12/81 £ 6 mmHg (trandolapril)
compared with 141 + 12/83 £ 6mmHg (vera-
pamil) and 142 + 12/83 + 6mmHg (placebo).
Nevertheless, the beneficial effect of trandol-
april persisted after adjustment for systolic
and diastolic blood pressure. In all treatment
groups, the creatinine (0.9 £ 0.2mg/dL) was
similar and did not change during follow-up.
A post hoc analysis revealed that the benefit
mainly occurred in patients with a systolic
blood pressure higher than 139 mmHg during
follow-up [6]. Thus, the BENEDICT trial dem-
onstrated that type 2 diabetics with hyperten-
sion, normoalbuminuria, and normal renal
function benefit from treatment with an ACE
inhibitor by a decrease in the rate of micro-
albuminuria of about 53%. Whether similar
benefits occur with an angiotensin receptor
blocker (ARB) in lower blood pressure ranges
(<130/80mmHg) was investigated by the Ran-
domized Olmesartan and Diabetes Microalbu-
minuria Prevention (ROADMAP) Trial in a
much larger cohort of patients [3]. This rand-
omized placebo-controlled, double-blind trial
assessed whether 40mg of olmesartan would
delay or prevent the occurrence of microalbu-
minuria in type 2 diabetes and normoalbu-
minuria over a study period of 3.2 years. A total
of 4447 patients were enrolled, with a mean
blood pressure level of 136 £ 15/81 £ 10mmHg
at baseline. Additional antihypertensive drugs
except ACE inhibitors or ARBs were allowed so
that the target blood pressure of less than
130/80mmHg could be reached. Baseline char-
acteristics were not significantly different
in both groups and serum creatinine was
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77.5 £ 16.2umol/L (0.88 + 0.18 mg/dL) accord-
ing to a mean GFR of 84.9+17.2mlL/
min/1.73m? The primary end point was
defined as the first onset of microalbuminuria;
the second end points were renal and cardio-
vascular events. The target blood pressure level
was achieved in nearly 80% of the patients
taking olmesartan and 71% taking placebo.
Mean blood pressure levels during follow-
up were 125/74.3mmHg (olmesartan) versus
128.7/76.2mmHg (placebo). Microalbuminu-
ria developed in 8.2% of patients with olme-
sartan and 9.8% with placebo. Olmesartan was
associated with an increased time to onset of
microalbuminuria by 23%. The beneficial
effect of olmesartan remained after adjustment
for differences in blood pressure levels, which
were lower in the olmesartan group than in the
placebo group by approximately 3.1/1.9 mmHg.
The estimated GFR declined in both groups
(from 85.0 + 17.0 to 80.1 * 18.5mL/min/1.73m?
in the olmesartan group and from 84.7 £ 17.3
to 83.7 £ 18.3mL/min/1.73m? in the placebo
group (p < 0.001 for the between-group com-
parison of the change from baseline). Patients
with a GFR below (<83.8mL/min/1.73m? or
an urinary albumin-to-creatinine ratio above
the median (>4) showed a tendency to have a
greater benefit. The same was true for patients
with systolic blood pressure >135mmHg at
baseline.

Thus, BENEDICT showed that hypertensive
type 2 diabetics with normoalbuminuria
benefit from treatment with an ACE inhibitor,
and in addition ROADMAP showed a benefit
of an ARB even in normotensive type 2 dia-
betic patients. The most likely explanation
for the greater effect in BENEDICT than in
ROADMAP could be associated with the higher
blood pressure levels in BENEDICT at baseline
and during follow-up. One could speculate
that higher blood pressure levels may reflect
greater RAS activity resulting in greater treat-
ment effects in prevention of diabetic neph-
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ropathy. Both studies suggest that RAS blockers
are capable to delay the onset of diabetic neph-
ropathy beyond their blood pressure-lowering
effects. A similar question had been previously
addressed in a smaller cohort of patients by the
ABCD trial (Appropriate Blood Pressure Control
in Diabetes) [7].

ABCD trial

In the ABCD trial (normotensive arm) 480
type 2 diabetics were randomized to moder-
ate (diastolic 80-89mmHg) versus intensive
(diastolic decrease of 10mmHg, intensive group)
blood pressure goals. Baseline blood pressure
levels were 135.6 £ 0.8/84.4 + 0.2 versus and
137.2 £0.9/84.4 + 0.2. Patients in the moder-
ate group received placebo and patients in the
intensive group were treated with the calcium
channel blocker nisoldipine (10mg/day
titrated up to a maximum of 60mg/day) or the
ACE inhibitor enalapril (5mg/day titrated up
to 40mg/day). In the intensive group, 9.3% of
patients had overt albuminuria versus 12% in
the moderate group. Microalbuminuria was
found in 21% versus 25%. Over a period of 5.3
years, the mean blood pressure level in the
intensive group was 128 + 0.8/75 £ 0.3mmHg
versus 137 £ 0.7/81 £ 0.3mmHg in the moder-
ate group. The estimated GFR was stable in
both groups, but there was a lower percentage
of patients in the intensive group who devel-
oped microalbuminuria or progressed from
microalbuminuria to overt albuminuria. This
effect was independent of the antihypertensive
agent. This suggests that intensive blood pres-
sure control in type 2 diabetics is more impor-
tant than the antihypertensive used to prevent
microalbuminuria. However, the cohort of
normoalbuminuric patients was only a sub-
group and considerably smaller than those in
ROADMAP and BENEDICT. However, there
have been other studies with a lack of a benefi-
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cial effect by RAS blockers on microalbuminu-
ria in type 2 diabetes.

DIRECT

The DIRECT-Renal analysis was a subgroup
analysis of three related trials in the DIRECT
program to study the incidence of microalbu-
minuria in normoalbuminuric diabetics who
were normotensive or had a blood pressure
(£160/90mmHg) [4]. The DIRECT program
was designed to investigate whether cande-
sartan (32mg) could prevent diabetic retinopa-
thy in type 1 or type 2 diabetes over a median
of 4.7 years. The incidence of microalbuminu-
ria was a prespecified end point. The program
comprised three studies: DIRECT-Prevent 1
with 1421 normotensive and normoalbu-
minuric type 1 diabetics without retinopathy,
DIRECT-Protect 1 with 1905 normotensive
and normalbuminuric type 1 diabetics with
mild to moderate retinopathy, and DIRECT-
Protect 2 with 1905 normoalbuminuric type 2
diabetics with mild to moderate retinopathy
who were normotensive or had “controlled”
hypertension (£160/90mmHg). Patients with
a GFR <90mL/min/1.73m?* were excluded.
The type 2 diabetes study population had a
mean blood pressure level of 123 £8.7/75 £
6.4mmHg in the candesartan group versus
123 £ 9/76 £ 6.5mmHg in the placebo group,
and 139 £12.7/79 £ 6.9mmHg versus 139 £
12.0/80 £ 7.1 mmHg in the patients with con-
trolled hypertension. Candesartan did not
have a significant effect on the incidence of
microalbuminuria. However, DIRECT was not
powered for renal end points.

In line with this, the DIRECT-Renal analysis
showed no preventive effect of candesartan on
the incidence of microalbuminuria in the 3326
type 1 diabetics over a study period of 4.7
years. Another trial which investigated the
effects of an early blockade of the renin-
angiotensin system in type 1 diabetes is the

Renin-Angiotensin System Study (RASS) by
Mauer et al. [S]. This S-year randomized,
double-blind trial compared the effects of the
ACE inhibitor enalapril (10-20mg) and the
ARB losartan (50-100mg) with placebo on
structural changes from diabetic nephropathy
in 285 normoalbuminuric patients (GFR
>90mL/min) with type 1 diabetes. The primary
end point was a change in the fraction of
the glomerular volume occupied by mesan-
gium; secondary renal end points included
changes in other glomerular, vascular, tubular,
and interstitial variables, and changes in
the albumin excretion rate and GFR. Blood
pressure levels at baseline were 120 + 13/71
+ 8mmHg (enalapril group), 120+ 11/70
+ 8 mmHg (losartan group), and 119 £ 11/70 +
8mmHg (placebo group), and were signifi-
cantly lower during the study in the enalapril
(113 £9/66 £ 6mmHg) and losartan (115 + 8/
66 + 6mmHg) group than in the placebo
(117 £ 8/68 £ SmmHg) group. There were no
significant effects on progression of structural
changes, albuminuria, or GFR. Unexpectedly,
the incidence of microalbuminuria was higher
in the losartan group.

The most likely explanations for these nega-
tive results could be young age of study patients
(29-31 years), and low blood pressure levels of
117/73mmHg and ~120/70mmHg. The base-
line urinary albumin excretion rate (UAER) of
Sug/min in DIRECT-Renal was low, and the
effect of candesartan on the rate of change in
albumin excretion was very small. Thus, the
rate of change in UAER from baseline may be
too slow to detect an effect of treatment over
4.7 years. Moreover, many of these patients
may never develop nephropathy. The cumula-
tive incidence in type 1 diabetes is only 40%
after 40 years. Thus, a much longer duration of
follow-up would be necessary [4]. Therefore,
the role of a RAS blockade in normotensive
normoalbuminuric type 1 diabetics is unclear.
In type 2 diabetics the differing effects of RAS
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blockade to prevent diabetic nephropathy may
be due to (1) lack of power for renal end points
in DIRECT-Renal, and (2) different blood pres-
sure levels in RASS and DIRECT-Renal (low)
than in BENEDICT and ROADMAP (higher).

There have been several studies which focused
on slowing progression in diabetic neph-
ropathy and the role of antihypertensive
treatment.

Type 1 diabetics

In 1993 Lewis et al. demonstrated beneficial
effects of the ACE inhibitor captopril on pro-
gression of diabetic nephropathy in insulin-
dependent diabetic patients [8]. In this 3-year
randomized placebo-controlled, double-blind
trial of 409 patients with insulin-dependent
diabetes mellitus for at least 7 years with onset
before the age of 30, all patients had diabetic
nephropathy at baseline with an albuminuria
of more than 500mg/day and a serum creati-
nine <2.5mg/dL. The treatment group received
3 x 25mg captopril per day. Blood pressure
lower than 140/90 mmHg was the goal. Capto-
pril retarded the rate of loss of renal function
in these patients. The risk reduction of the
primary end point doubling serum creatinine
was 48% and 50% of the combined end point
(dialysis, death and transplantation). The ben-
eficial effect of captopril was not explained by
the differences in blood pressure between the
two groups: 135/86 mmHg at baseline (capto-
pril group) versus 138/86 mmHg (placebo) and
during follow-up 128-134/77-82 mmHg versus
129-136/80-84mmHg. Similar results were dem-
onstrated by a smaller study in normoten-
sive patients with insulin-dependent diabetes
and persistent microalbuminuria. Captopril
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therapy significantly prevented the increase in
the urinary albumin excretion rate and the
progression to clinical proteinuria [9].

Type 2 diabetics with advanced
diabetic nephropathy

Two landmark studies with advanced diabetic
nephropathy and hypertension were presented
in 2001, the Irbesartan Diabetic Nephropathy
Trial (IDNT), with 1715 patients [10], and the
Reduction of End Points in NIDDM with the
Angiotensin II-Antagonist Losartan Study
(RENAAL), with 1513 patients [11]. Both rand-
omized controlled trials evaluated the benefi-
cial use of an ARB (irbesartan 300mg and
losartan 100 mg daily) in protecting against the
progression of diabetic nephropathy over a
treatment period of 2.6 and 3.4 years, respec-
tively. The primary end point was the com-
posite end point of doubling of serum
creatinine, end-stage renal disease, or death. In
IDNT the effect of losartan was tested and com-
pared with 10mg of amlodipine and placebo;
RENAAL was placebo controlled. All patients
were hypertensive with baseline blood pressure
levelsofabout 160/87 mmHgand 152/82 mmHg
and overt albuminuria (~1.9g/day and ~1.2g/
day). Target blood pressure levels were lower
than 140/90mmHg; at the end of the studies
the mean blood pressure level was 140/77-
74mmHg. The primary end point was reduced
in both trials. There was a significant risk
reduction of 33% for doubling serum creati-
nine and of 23% for end-stage renal disease in
IDNT. Treatment with losartan reduced the risk
reduction of the composite end point by 16%,
doubling of serum creatinine by 25% and end-
stage renal disease by 28%. In RENAAL, losar-
tan reduced proteinuria by 35% in contrast to
patients treated with placebo, who tended to
show an increase in proteinuria. Thus, IDNT
and RENAAL revealed a significant benefit of
two different ARBs beyond blood pressure in
advanced diabetic nephropathy.
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Albuminuria and antihypertensive
treatment

Is albuminuria a target for diabetic nephropa-
thy? A retrospective analysis of the RENAAL
trial evaluated risk factors for doubling serum
creatinine or the development of end-stage
renal disease [12]. Proteinuria, serum creatinine,
serum albumin, and hemoglobin levels were
demonstrated to be four independent risk
factors; however, proteinuria was the single most
powerful predictor of adverse renal outcomes in
association with progression of nephropathy in
patients with type 2 diabetes and diabetic neph-
ropathy. Further analysis of the RENAAL patient
cohort examined the importance of albuminuria
on renal outcome [13]. Patients with a high base-
line albuminuria of 3 g/day or higher had a 5.2-
fold increased risk for reaching the composite
renal end point of doubling serum creatinine
and end-stage renal disease and a 8.1-fold
increased risk for progressing to end-stage renal
disease compared with the group with low albu-
minuria <1.5g/day. Every 50% reduction in
albuminuria in the first 6 months of therapy was
associated with a risk reduction of 36% for a
renal end point and 45% for end-stage renal
disease during later follow-up. Residual albu-
minuria after 6 months of treatment showed a
linear relationship with renal outcome. Losartan
reduced albuminuria by 28% while placebo
increased albuminuria by 4%. Thus, the higher
albuminuria, the greater is the renal risk. Reduc-
tion of albuminuria was associated with a pro-
portional effect on renal protection. Therefore,
type 2 diabetics with nephropathy benefit from
using an ARB through better blood pressure
control, slowing of GFR decline, and reduction
of albuminuria. Furthermore, the dose of the
ARB seems to be important.

IRMA-2, MARVAL and DETAIL

Parving et al. [14] showed in the IRMA-2 (IRbe-
sartan in MicroAlbuminuria, Type 2 Diabetic

Nephropathy) trial that irbesartan in two dif-
ferent doses (150 mg and 300mg) reduces albu-
minuria in 590 patients with type 2 diabetes.
Despite similar blood pressure control, irbe-
sartan 300mg was significantly more effective
(38% albuminuria reduction) than irbesartan
150mg (24% albuminuria reduction). IRMA-2
underlines that proteinuria as a target in dia-
betic nephropathy requires higher doses of ARB
for renoprotection. Side effects like hyperkale-
mia or deterioration of renal function may be
problems in daily practice and need careful
monitoring. However, these adverse events
were not significantly prevalent in the above-
mentioned well-controlled studies. If there is
an increase in serum creatinine after starting
RAS blocker therapy, renal artery stenosis
should be excluded. However, stopping this
medication early may not be advisable. Post hoc
analyses of IDNT and RENAAL have shown that
those patients with a stronger initial decline of
GFR in the first months may still benefit from
treatment with RAS blockers in the long run
[15, 16]. Beneficial effects of ARBs were con-
firmed by the MicroAlbuminuria Reduction
With Valsartan (MARVAL) study, which evalu-
ated the blood pressure-independent effect of
valsartan on the UAER in type 2 diabetics with
microalbuminuria [17]. 332 patients were
included with or without hypertension. They
were randomly assigned to 80mg valsartan or
5mg amlodipine, which was doubled if the
target blood pressure of 135/85 mmHg was not
achieved. The primary end point was change
in UAER from baseline to 24 weeks. Baseline
blood pressure levels were about 147/85 mmHg
in both groups. There was a significant decrease
in albuminuria by 44% in the valsartan group,
but of only 8% in the amlodipine group,
despite similar blood pressure levels. With
valsartan more patients regressed to nor-
moalbuminuria. This effect of valsartan was
independent of the hypertensive status. Thus,
reduction of blood pressure is essential to slow
progression of diabetic nephropathy, and the
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use of ARBs in type 2 diabetics shows additional
protection. Results from the DETAIL study (Dia-
betic Exposed to Telmisartan and Enalapril)
underline that an ARB (telmisartan) is not infe-
rior to an ACE inhibitor (enalapril) in prevent-
ing the progressive decline of GFR in type 2
diabetics with early nephropathy [18]. A total
250 hypertensive type 2 diabetics having early
diabetic nephropathy with a GFR higher than
70mL/min/1.73 m? were randomly assigned to
receive either 80 mg telmisartan or 20 mg enal-
april over 5 years. The GFR was measured by
plasma clearance of iohexol. Mean change was
-18.7mL/min/1.73m? in the telmisartan and
-15.8mL/min/1.73m? in the enalapril group,
resulting in a non-inferiority of telmisartan
relative to enalapril.

ADVANCE

A completely different approach was followed
in the ADVANCE study. They asked whether
routine administration of an ACE inhibitor/
diuretic (perindopril/indapamide) combina-
tion has advantages in type 2 diabetics irre-
spective of the initial blood pressure levels or
current medication. Use of ACE inhibitors was
excluded, but ARBs were allowed [19]. A total
of 11140 patients with increased cardiovascu-
lar risk were randomized. The mean age was 66
years, 4% had macroalbuminuria and 26%
microalbuminuria. Renal function was near
normal, with creatinine of 87umol/L. There
was a relative risk reduction of new-onset or
progressive proteinuria of 18%. Active treat-
ment was associated with a significant reduc-
tion of 21% in all renal events with a borderline
reduction in new or worsening nephropathy
(18%), and a significant reduction in the devel-
opment of microalbuminuria (21%). The posi-
tive results regarding the renoprotective effect
by add-on combination therapy of perindopril/
indapamide is most likely due to the lower
blood pressure levels in the treatment group.
However, a specific drug effect cannot be
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excluded. At baseline, blood pressure levels
were ~145/81 mmHg and were reduced over a
mean follow up of 4.3 years by an average of
5.6mmHg systolic and 2.2mmHg diastolic in
patients with active treatment. The benefit of
blood pressure-lowering independent of the
drug used had been shown in the UKPDS trial
with 1148 hypertensive type 2 diabetics with
higher target blood pressures [20]. Tight blood
pressure control lower than 150/85 mmHg over
8.4 years achieved a clinically important reduc-
tion in the risk of deaths and other complica-
tions related to diabetes independent of the
drug used (atenolol versus captopril).

It was assumed that double blockade of RAS in
diabetic nephropathy may be renoprotective
and that additional direct renin inhibition by
aliskiren would intensify this effect.

ONTARGET

As part of the prespecified analyses of the
Ongoing Telmisartan Alone and in combina-
tion with Ramipril Global Endpoint Trial
(ONTARGET) Mann et al. [21] examined the
effects of telmisartan (80 mg), ramipril (10mg),
and their combination on renal outcomes in a
large population of 25620 patients at age 55
years or older . All patients were at high cardio-
vascular risk with established atherosclerotic
vascular disease or with diabetes with end-
organ damage over 56 months. About 37%
of patients in this cohort were diabetics. The
primary renal outcome was a composite end
point of dialysis, doubling of serum creatinine,
and death. This was similar for telmisartan and
ramipril, but significantly more frequent with
combination therapy than with ramipril alone.
Similar results were seen for the secondary
renal outcome, defined as dialysis or doubling
of serum creatinine, which was increased in
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the combination therapy. With regard to the
highest renal risk group—patients with overt
diabetic nephropathy, patients with hyper-
tension and diabetes, and patients with a
GFR below 60mL/min/1.73 m>—combination
therapy had no clear benefit. Only 13.1% of all
participants presented with microalbuminuria:
29.7% of those with diabetes, macroalbuminu-
ria was seen in 4% of all participants and in
12.2% of diabetics. The urinary albumin excre-
tion rate increased in the whole patient cohort
over study period; however, the increase was
lower in patients treated with telmisartan or
combination therapy and the risk of develop-
ing micro- or macroalbuminuria was lower
in the group with combination therapy. Thus,
in patients at high cardiovascular risk, the
effect of telmisartan on major renal outcomes
was similar to ramipril. However, combina-
tion therapy of an ACE inhibitor and an ARB
was associated with more renal events,
although there were contrasting beneficial
effects on reduction of proteinuria. To investi-
gate whether low renal function and/or albu-
minuria is associated with an increased ability
to benefit from a dual RAS blockade in patients
at high cardiovascular risk, a post hoc analysis
of ONTARGET was performed [22]. A cohort of
23422 patients including 37.5% patients with
diabetes from the ONTARGET population were
analyzed. A total 1287 patients had macroalbu-
minuria, and 5623 patients had a GFR <60mL/
min/1.73m?% A total of 608 patients of those
with low GFR were macroalbuminuric. Overall,
dual therapy was associated with more primary
renal events than monotherapy. No subgroup
showed renal benefit with dual RAS blockade,
even those with low GFR and macroalbuminu-
ria, and there was a trend for dual therapy to
increase chronic dialysis or doubling of serum
creatinine in this highest risk group. Dual
therapy led to more acute dialysis-dependent
renal failure and more hyperkalemia than
monotherapy. Discontinuation because of
hypotension was more frequent with dual

therapy. So, both analyses do not support dual
RAS blocker therapy over monotherapy in high
cardiovascular risk patients with low GFR or
albuminuria. Similar results were postulated in
the Olmesartan reducing Incidence of End-
stage Renal Disease in Diabetic Nephropathy
Trial (ORIENT) [23]. Combination therapy of
an ACE inhibitor and ARB over 3.2 years did
not show an additional benefit on the compos-
ite end point of doubling serum creatinine,
end-stage renal disease, and death in 577 type
2 diabetics with advanced diabetic nephropa-
thy. Blood pressure and proteinuria were
reduced by combination therapy compared
with placebo. It has to be mentioned that car-
diovascular death was more frequent in the
olmesartan group, although the study was not
powered for cardiovascular outcome.

AVOID and ALTITUDE

In AVOID, 599 hypertensive type 2 diabetics
with an estimated GFR of >30mL/min/1.73m”
were treated with 100mg of losartan for 3
months [24]. Then they were assigned to
receive 150mg of aliskiren for 3 months fol-
lowed by 300mg for 3 months versus placebo
on top of the ARB. Baseline blood pressure
levels were around 135/78 mmHg, and urinary
albumin excretion about 500mg/g creatinine
in all groups. There was no significant differ-
ence in blood pressure levels at the end of the
study between groups. A reduction in albu-
minuria of 50% or more was seen in 24.7% of
patients who received aliskiren, compared with
12.5% of patients who received placebo. The
mean rate decline of GFR was not significantly
different between both groups. Thus, addition
of a direct renin inhibitor has a beneficial effect
on proteinuria independent of blood pressure
effects and seemed to be safe in type 2 diabet-
ics. However, the ALTITUDE (Aliskiren Trial
in Type 2 Diabetes Using Cardiovascular and
Renal Disease Endpoints), which tested a com-
bination of aliskiren with an ACE inhibitor or
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ARB in a large cohort of diabetics [25], has been
stopped due to an increased risk of stroke and
renal events. Thus, combination therapy of
aliskiren and other RAS blockers is now con-
traindicated in type 2 diabetics and patients
with a GFR <60mL/min according to an EMA
(European Medical Association) announce-
ment from February 2012.

Guidelines have suggested a target blood pres-
sure level of less than 130/80 mmHg in patients
with diabetes regardless of renal function.
However, recently these low blood pressure
levels have been questioned.

Previous recommendations were mainly
based on findings of the Hypertension Optimal
Treatment (HOT) study [26]. This study sug-
gested a significant risk reduction for cardio-
vascular events in patients achieving a diastolic
blood pressure lower than 80 mmHg compared
with higher blood pressure levels over a study
period of 36 months. A total of 18 790 patients
with hypertension and a mean diastolic blood
pressure of 105 mmHg were randomly assigned
to a target diastolic blood pressure <90 mmHg
versus <85 mmHg versus <80mmHg. The mean
age was 61.5 years, and about 8% of patients
were diabetics. During follow-up, mean diasto-
lic blood pressure levels were described as
85.2mmHg  versus  83.2mmHg  versus
81.2mmHg. The lowest incidence of major car-
diovascular events, defined as fatal and non-
fatal myocardial infarctions, fatal and non-fatal
strokes, and all other cardiovascular death,
occurred at a mean achieved diastolic blood
pressure of 82.6 mmHg and lowest risk of car-
diovascular mortality at a diastolic blood pres-
sure level of 86.5mmHg. The authors described
that further reductions below these levels were
safe. With regard to the subgroup of diabetics,
the risk of major cardiovascular events was
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halved in the lowest target group (<80 mmHg)
compared with the group with diastolic blood
pressure <90mmHg; the risk reduction for
stroke was about 30% and cardiovascular mor-
tality was also significantly lower.

Insights from other studies suggested that
blood pressure levels less than 130/80mmHg
in diabetic patients may be associated with
more adverse events. Therefore, the discussion
about the optimal blood pressure target was
resumed and the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) trial was
designed to evaluate the effect of a target
blood pressure below 120mmHg systolic as
compared to below 140mmHg on major car-
diovascular events defined as non-fatal myo-
cardial infarction, non-fatal stroke, or death
from cardiovascular disease among 4733 high-
risk patients with type 2 diabetes [27]. Patients
were randomly (non-blinded) assigned to
intensive therapy with systolic blood pressure
targets of less than 120mmHg and to standard
therapy (<140mmHg) over a mean study
period of 4.7 years. The mean age of patients
was 62.2 years and baseline characteristics
were similar in both groups. Baseline blood
pressure levels were about 139.2/76 mmHg,
renal function was near normal with an esti-
mated GFR of 91.6mL/min/1.73m?, and the
median urinary albumin excretion rate was
14.3mg/g creatinine; 33.7% of the patients
had cardiovascular disease. Treatment strate-
gies that were currently available were used
to lower blood pressure. Despite the fact that
the achieved blood pressure levels in the
intensive treatment group were definitely
lower than the standard treatment group
(119.3/64.4mmHg versus 133.5/70.5 mmHg),
the two groups did not differ significantly
between the primary composite end point
(1.87% versus 2.09% per year) and most of the
secondary end points, except that the rate of
total stroke and non-fatal stroke was signifi-
cantly lower in the intensive treatment group.
However, the intensive treatment group had a
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significantly higher rate of adverse events
attributed to antihypertensive treatment. The
mean estimated GFR was lower, and they had
higher rates of hypokalemia and elevations in
serum creatinine. The results from ACCORD
provide no evidence of a benefit from inten-
sive blood pressure control lower than
120mmHg systolic in patients at high cardio-
vascular risk with type 2 diabetes. There is no
reduction in major cardiovascular events, and
adverse events may be increased with lower
blood pressure due to medications.

Also, in ROADMAP it was noted that the
small number of cardiovascular deaths occurred
in the olmesartan group, possibly related to
too low blood pressure levels, especially in
patients with coronary artery disease and systo-
lic blood pressure levels lower than 120 mmHg.
Comparable results had been noted in post hoc
analyses of the ONTARGET and INVEST trial
[28, 29].

Thus, the actual recommendations for target
blood pressure levels were challenged, and ret-
rospective analysis of the HOT trial revealed
that diabetic patients in particular had never
achieved the assigned low blood pressure levels
in the HOT trial. Patients assigned to the group
<80mmHg had achieved only a mean blood
pressure of 139.7/81 mmHg. In the UKPDS trial
the mean achieved blood pressure was
144/82mmHg, which showed a reduction
in micro- and macrovascular events. These
trials demonstrated that there is a beneficial
effect for patients with lower blood pressure
levels, but the achieved levels were about 130—
139/80-85mmHg, and there was no evidence
for a benefit of blood pressure lowering less
than 130/80mmHg.

With regards to the above-mentioned new
insights, most guidelines were updated recently;
the update of the seventh report of the Joint
National Committee on Prevention, Evalua-
tion and Treatment of High Blood Pressure
(JNC-7) is expected. Currently, the committee
recommends that blood pressure in diabetics

should be controlled to levels of 130/80 mmHg
or lower and treatment with an ACE inhibitor
or ARB should be preferred [30]. The National
Institute for Health and Clinical Excellence
(NICE) presented their last update for treat-
ment recommendations in diabetic patients in
2009 and approved a blood pressure level of
<140/80mmHg [31]. If there is kidney, eye, or
cerebrovascular damage, blood pressure should
be lower than 130/80mmHg. The reappraisal
of the guidelines of the European Society of
Hypertension was published in 2009 [32]. They
advise that blood pressure in patients with
diabetes should be lower than 140/90mmHg
(~130-139/80-85 mmHg), particularly in patients
with microalbuminuria; however, they no
longer support the previously recommended
blood pressure goal of <130/80mmHg in dia-
betic patients because of the lack of evidence
from large controlled trials. German guidelines
from the DHL (Deutsche Hochdruckliga)
were updated in 2011, and they also recom-
mend a blood pressure goal of 130-140/
80-85mmHg in patients with diabetes. In
addition to this, they suggest a blood pressure
goal of <130/80mmHg in diabetic patients
with chronic kidney disease, which should be
lowered to <125/75 mmHg if proteinuria of 1g/
day or more is present [33]. All the above-
mentioned guidelines recommend a preferen-
tial antihypertensive treatment with an ACE
inhibitor or ARB, especially in patients with
microalbuminuria. The guideline for hyperten-
sion in chronic kidney disease of the commit-
tee of KDIGO (Kidney Disease: improving
Global Outcomes) is under development;
however, actual blood pressure targets were
presented to the meeting of the American
Society of Nephrology 2012. They recommend
that patients with diabetes and chronic kidney
disease with a urine albumin excretion (UAE)
lower than 30mg/24 hours (or equivalent) and
office blood pressure levels >140mmHg systo-
lic or >90mmHg diastolic should be treated
with antihypertensives to maintain a blood
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Current guideline recommendations for blood pressure targets in diabetic patients
JNC-7 (2003)  NICE (2009) ESH (2009) DHL (2011) KDIGO (2012)

Target blood pressure <130/80 <140/80 <140/90 <140/90 <140/90
level in diabetic
patients (mmHg)

with microalbuminuria/ n.d. <130/80 n.d. <130/80 <130/80
CKD

with macroalbuminuria n.d. n.d. n.d. <125/75 <130/80
or proteinuria >1g

ACE inhibitor or ARB as  + + + + +

first line therapy

INC-7, Seventh Report of the Joint National Committee on Prevention, Evaluation and Treatment of High
Blood Pressure; NICE, National Institute for Health and Clinical Excellence; ESH, European society of
hypertension; DHL, Deutsche Hochdruckliga; KDIGO, Kidney Disease: improving Global Outcomes; CKD:
chronic kidney disease; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor
blocker; n.d.: not defined.

pressure consistently <140 mmHg systolic and 3. Haller H, Ito S, 1zzo ] Jr, et al. Olmesartan

<90mmHg diastolic. Diabetic patients with a for the Delay or prevention of

UAE >30mg/day and office blood pressure microalbuminuria in type 2 diabetes.
levels >130/80mmHg should be treated with N Engl ] Med 2011; 364:907-17

blood pressure-lowering drugs to maintain a 4. Bilous R, Chaturvedi N, Sjelie A, et al.
blood pressure consistently <130 mmHg systo- Effect of candesartan on

lic and <80mmHg diastolic. They recommend microalbuminuria and albumin excretion
an ARB or ACE inhibitor as first-line therapy in rate in diabetes. Ann Intern Med 2009;
those patients with a UAE of 30-300mg/day 151:11-20

irrespective of blood pressure and in those 5. Mauer M, Zinman B, Gardiner R, et al.
patients with a UAE of >300mg in whom treat- Renal and retinal effects of enalapril and
ment with antihypertensives is indicated. A losartan in type 1 diabetes. N Engl ] Med
summary of the current guideline recommen- 2009;361:40-51.

dations for blood pressure targets in diabetic 6. Ruggenenti P, Perna A, Ganeva M, et al.

patients is also shown in Table 15.1. for the BENEDICT Study Group. impact
of blood pressure control and
angiotensin-converting enzyme inhibitor
therapy on new-onset microalbuminuria

1. U S Renal Data System (2011) USRDS in type 2 diabetes: a post hoc analysis of
2011 Annual data report: atlas of chronic the BENEDICT trial. ] Am Soc Nephrol
kidney disease and end-stage renal disease in 2006;17:3472-81.
the United States. Bethesda, MD: National 7. Schrier RW, Estacio RO, Esler A, et al.
Institutes of Health. Effects of aggressive blood pressure

2. Ruggenenti P, Fassi A, Ilieva A, et al. control in normotensive type 2 diabetic
Preventing microalbuminuria in type 2 patients on albuminuria, retinopathy
diabetes. N Engl ] Med 2004;351: and strokes. Kidney Int 2002;61:
1941-51. 1086-97.
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Treatment of the patient with
end-stage diabetic nephropathy

Muriel Ghosn and Fuad N. Ziyadeh

American University of Beirut, Beirut, Lebanon

Key points

e The multiple comorbidities associated with end-
stage diabetic nephropathy (ESDN) (including anemia,
bone disorders, hyperglycemia, dyslipidemia, hyper-
tension and cardiovascular disease) require a detailed
understanding of the pathophysiologic mecha-
nisms of each condition and a systematic treatment
approach that takes into account the prevailing dia-
betic state, the presence of kidney failure, and the
renal replacement modality.

e One of the most important steps in the manage-
ment of ESDN is the recognition that cardiovascular

disease is the leading cause of morbidity and mortal-
ity and that major attention should be directed to
preventing and treating coronary artery disease (CAD)
in this high-risk population.

e The choice of the optimal renal replacement
modality for the patient with ESDN includes consid-
erations of the advantages and disadvantages of peri-
toneal dialysis and hemodialysis as well as whether
kidney transplantation is feasible or is the preferred
alternative.

The National Kidney Foundation (NKF) defines
anemia in chronic kidney disease (CKD) as
a hemoglobin level <13.5g/dL in men and
<12.0g/dL in women. The incidence of anemia
increases as the glomerular filtration rate (GFR)

declines, and is estimated at 40% in CKD stage
3, and progressively increases to reach more
than 70% in stage 5. Recent data clearly indi-
cate that in the subset of diabetic patients,
anemia is more frequent, occurs at earlier
stages of CKD, and is often more severe [1]. The
reasons for this increased frequency and sever-
ity of anemia in diabetes are not obvious.

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

215

asueo1 sLoquoo anEa1D 3|ged1 dde aU) Aq poueA0 918 S 1L YO 88N 0S|I 10} ARIGIT BUIIUO A3 UO (SUO1IPUOD-PLE-SLLLBIW0D /B !M'AHJQ!F’U!IU@’DLI) SUONIPUOD PUE LWL | 8L} 39S *[9202/20/8Z] U0 Areiq178UIIUO ABIM ‘TRULIDUID JO AISIAIUN AQ /10p/W00 A |IM ARRAq 1 PUIUO//SANY WOl peanumoa



Treatment of the patient with end-stage diabetic nephropathy

Anemia in diabetic patients with CKD shares
the same pathogenesis as in non-diabetic
patients. Some of the important contributory
factors are discussed below.

Erythropoietin deficiency and
hyporesponsiveness

In CKD, erythropoietin (EPO) production by
the renal cortical interstitial cells is reduced.
Moreover, virtually all patients with end-stage
renal disease (ESRD) suffer from hypore-
sponsiveness to EPO, attributed mostly to
the state of systemic inflammation induced by
the uremic environment, and is defined by the
requirement of high doses of erythropoiesis-
stimulating agents (ESAs) to achieve the target
level of hemoglobin in the absence of iron
deficiency.

Iron deficiency

Iron deficiency is a common problem in patients
with CKD, whether they are on hemodialyis
or not, and if not corrected is a major cause of
hyporesponsiveness to ESAs. Absolute iron
deficiency in CKD patients is defined by serum
ferritin level <100ng/mL or a transferrin satu-
ration of <20%. Usual causes are reduced
dietary iron intake, impaired intestinal iron
absorption, and gastrointestinal bleeding as a
consequence of stress-induced ulcerations of
the gastric or small intestinal mucosa.

Anemia of chronic disease

Acute and chronic inflammatory conditions
can lead to anemia of chronic disease, which
is defined by a ferritin level >100ng/mL along
with reduced iron saturation. High levels of
inflammatory cytokines such as interleukin-6
stimulate the production of hepcidin by the
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liver. Hepcidin, in turn, inhibits intestinal iron
absorption and impairs its transport from the
reticuloendothelial system to bone marrow,
leading to iron sequestration and relative iron
deficiency.

Decreased survival of red blood cells

This mechanism is largely specific to diabetic
patients and is thought to be due to increased
osmotic stress as a result of accumulation of
sorbitol. Another proposed hypothesis is the
abnormal composition of the red blood cell
membrane, which increases the risk of trapping
and sequestration of these cells in the micro-
circulation of the reticuloendothelial system.

Miscellaneous factors contributing
to anemia

Several conditions in the diabetic patient with
CKD may contribute to anemia, including (1)
severe hyperparathyroidism with consequent
bone marrow fibrosis; (2) sporadic aluminum
toxicity; (3) folate and vitamin B12 defi-
ciency; and (4) drugs that intercept the renin—
angiotensin system. Angiotensin-converting
enzyme (ACE) inhibitors and angiotensin
receptor blockers cause a reversible decrease
in hemoglobin concentration attributed to a
direct blockade of the proerythropoietic effects
of angiotensin II on red blood cell precursors,
among other mechanisms. Attention directed
at these miscellaneous factors will be impor-
tant in treating or reversing anemia.

In diabetic patients with CKD, anemia has been
associated with cognitive and sexual dysfunc-
tion as well as with a decline in exercise capac-
ity. There is some evidence that anemia may
also contribute to the progression of kidney
disease. Most importantly, it is established as a
major cardiovascular risk factor in patients
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Treatment of the patient with end-stage diabetic nephropathy

with various stages of CKD, especially those
suffering from diabetes and including those on
maintenance dialysis [2-4]. Consequently,
treatment of anemia with ESAs was proposed
to reduce excessive cardiovascular morbidity
and mortality. Early trials showed that anemia
treatment decreased mortality and hospitaliza-
tion rates [5] along with an improvement in
quality of life and a reduction in transfusion
rates [6]. However, such data, largely derived
from observational studies and small interven-
tional trials, were challenged by large rand-
omized controlled trials (RCTs) that tested the
impact of anemia correction on mortality and
cardiovascular and renal outcomes. These trials
(Table 16.1) also showed a significant improve-
ment in the quality of life and a reduction
in the transfusion rates with complete correc-
tion of anemia. However, a trend toward worse
cardiac and cerebrovascular outcomes was
observed. In an attempt to explain these find-
ings, it has been hypothesized that it is the
exposure to high doses of ESAs rather than the
higher hemoglobin (Hb) or hematocrit (Hct)
levels achieved that could be the direct cause of
worse outcomes [7]. Currently, there are no
specific recommendations for the management
of anemia in patients with ESDN on mainte-
nance dialysis, and such patients are treated
in clinical practice according to the general
guidelines issued on the overall ESRD patient
population.

Target Hb level

Considerable controversy has surrounded the
target Hb level, and it was initially suggested
that the higher the level the better the out-
comes. However, after the Normal Hematocrit
study conducted in 1998 showed worse out-
comes with higher hematocrit levels, the 2001
version of the NKF-K/DOQI anemia guidelines

recommended a target Hb of 11-12g/dL in
ESA-treated anemic patients with CKD. The
2006 update of the same guidelines changed
the target levels to 11-13 g/dL. In 2007, based
on the results of the CHOIR and CREATE trials,
the FDA changed the package insert for epoetin
and darbepoetin to state that the physician
should “individualize dosing to achieve and
maintain hemoglobin levels within the range
of 10 to 12g/dL” in all patients with CKD, and
the NKF-K/DOQI anemia workgroup recom-
mended that the Hb target should be 11.0-
12.0g/dL (moderately strong evidence) and
that the Hb target should not exceed 13 g/dL
in all CKD patients [8].

Iron therapy

The 2006 NKF-K/DOQI anemia guidelines state
that (1) iron status tests should be performed
every month during initial ESA treatment
and then every 3 months during stable ESA
treatment; (2) serum ferritin levels should be
kept >200ng/mL for hemodialysis patients
and >100ng/mL for non-hemodialysis patients
receiving ESAs; (3) serum transferrin saturation
with iron should be kept >20 % in patients
receiving ESAs with or without hemodialysis;
(4) the preferred route of administration of
iron is intravenously in patients with CKD on
hemodialysis (strong recommendation); and
(5) the route of iron administration can be
either oral or intravenously in CKD patients
not on hemodialysis.

Adverse effects of anemia therapy

Some of the side effects of ESAs include hyper-
tension, local pain or tissue reaction to subcu-
taneous injections, flu-like symptoms within
hours or days of the administration of an
ESA, and arterial and venous thromboembolic
events. ESAs have also been associated with a
rare but serious from of pure red cell aplasia.
In the TREAT trial, in the subgroup of patients
with malignant conditions, darbepoetin-alfa
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was associated with a higher incidence of
cancer-related deaths. Oral iron use can give
rise to adverse gastrointestinal side effects.
Serious but very rare anaphylactic reactions
occur with the intravenous preparations espe-
cially iron dextran.

Diabetic patients are at a higher risk of develop-
ing metabolic bone disease than non-diabetic
subjects [9] and this is further enhanced by the
coexistence of CKD, which is also typically
associated with bone and mineral metabolism
disorders (BMDs) [10].

Pathogenesis of BMD in diabetes
and CKD

Renal osteodystrophy has been historically at-
tributed to secondary hyperparathyroidism.
However, it appears that in diabetic patients on
maintenance hemodialysis, low-turnover bone
disorders including adynamic bone disease
(and rarely aluminum toxicity) predominate
while osteitis fibrosa cystica is distinctly un-
common. It has been hypothesized that insulin
is a cofactor for parathyroid hormone (PTH)
secretion and bone turnover; consequently,
low-turnover bone diseases may reflect either
insulin lack and/or resistance within the par-
athyroid glands and bone [11]. Thiazolidine-
diones use, in particular, can contribute to
bone loss in diabetic patients with or without
CKD [12].

25-Hydroxyvitamin D deficiency has recently
emerged as an important contributor to BMD
in patients with CKD. The prevalence of
vitamin D deficiency is significantly higher
in CKD patients than the general population,
particularly in the subgroup of non-dialysis-
dependent patients with diabetic nephropathy
[13]. However, and as relates to vascular calci-

fication, no significant relationship could be
demonstrated between vitamin D levels on one
hand and coronary artery calcification on the
other hand [13]. Nonetheless, the frequent
25-hydroxoyvitamin D deficiency in patients
with CKD is multifactorial and can be attrib-
uted to the following [14]: (1) reduced expo-
sure to sunlight; (2) reduced endogenous
synthesis of vitamin D3 in the skin following
adequate exposure to sunlight; (3) reduced
ingestion of foods that are natural sources
of vitamin D; and (4) urinary losses of 25-
hydroxyvitamin D and vitamin D-binding
protein in CKD patients with nephrotic-range
proteinuria.

Of considerable interest, a vitamin D recep-
tor activator, paricalcitol, has recently been
shown to reduce the magnitude of albuminu-
ria in the CKD population in general [15]
and in diabetic patients in particular [16], sug-
gesting a potential renoprotective benefit of
vitamin D supplementation in patients with
CKD which is beyond the indications for BMD
management.

Treatment of BMD in diabetic
patients with CKD

To date, specific guidelines for the manage-
ment of BMD in ESDN are lacking and such
patients continue to be treated according to
the general recommendations issued for all
CKD patients including ESRD. However, par-
ticular care should be taken to avoid excessive
PTH suppression and the consequent risk of
low-turnover bone diseases. Adynamic bone
disease in stage 5 CKD should be treated by
allowing plasma levels of PTH to rise in order
to increase bone turnover (opinion) and this
can be accomplished by decreasing doses of
calcium-based phosphate binders and vitamin
D or eliminating such therapy (opinion) [14].
The general recommendations [14] state that
hyperphosphatemia should be corrected and
the target serum phosphorus level should be
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<4.6mg/dL in patients with CKD stage 3 and
4 (opinion) and <5.5mg/dL in patients with
CKD stage 5 and in those on dialysis (evi-
dence). The serum calcium-phosphorus pro-
duct should be maintained at <55mg?/dL?
(evidence). Calcium-based phosphate binders
should not be used in cases of hypercalcemia
(corrected calcium >10.2mg/dL), or when PTH
<150pg/mL (evidence). Non-calcium-contain-
ing phosphate binders are preferred in dialysis
patients with severe vascular and/or other
soft-tissue calcifications (opinion). In cases of
vitamin D deficiency, current recommenda-
tions are to supplement with vitamin D if the
serum level of 25-hydroxyvitamin D is <30ng/
mL in patients with CKD stage 3 and 4
(opinion). In patients with CKD stage 5 and
those on dialysis, and irrespective of whether
there is vitamin D deficiency, active vitamin D
(calcitriol or analogues) should be provided if
PTH level >300pg/mL (opinion). Serum levels
of total CO, should be maintained at >22 mEq/L
(evidence) since acidosis is a major contributor
to bone loss.

It is well established that the treatment of dia-
betes in the general population and in patients
with early stages of CKD not only delays the
development of diabetic nephropathy or slows
its progression but is also associated with
a reduction in mortality and cardiovascular
events. Unfortunately, data are scarce on how
diabetes should best be treated in patients
with ESDN and whether such treatment is
beneficial.

Glycemia in the diabetic end-stage
renal disease patient

In dialysis patients the serum glucose levels
fluctuate widely with a tendency to both
hyper- and hypoglycemia. Also, ESRD signifi-
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cantly affects the excretion of many hypogly-
cemic agents and the level of glycosylated
hemoglobin (HbAlc), making the manage-
ment of diabetic dialysis patients particularly
challenging. Impaired glucose tolerance is
due to many factors in the ESDN patient
[17], including (1) insulin resistance, which
can be attributed to many disorders such as
the accumulation of wunidentified uremic
toxins, anemia, malnutrition, and metabolic
acidosis; (2) impaired insulin secretion due to
1,25-dihydroxyvitamin D deficiency and/or
hyperparathyroidism; and (3) glucose loading
from dialysis solution, particularly in patients
on peritoneal dialysis. On the other hand,
hypoglycemic events are common in diabetic
patients with ESRD and carry a poor prognostic
implication; they are due to the combination
of malnutrition, impaired insulin clearance,
defective renal gluconeogenesis, counter-
regulatory hormone deficiency, and concomi-
tant administration of hypoglycemic agents.

Diagnostic tools of glycemic control
in ESRD

Shortened red blood cell life span and the
common use of ESAs in ESRD patients may
cause falsely low HbAlc levels whereas high
concentrations of carbamylated hemoglobin
may cause false elevations of these levels. Thus,
HbA1c levels might under- or overestimate the
degree of long-term glycemic control in the
dialysis population. Alternate markers have
been proposed, specifically glycated albumin,
which has been shown not only to better cor-
relate with plasma glucose concentration in
dialysis patients than HbAlc [18, 19] but also
to be a significant predictor of cardiovascular
morbidity and mortality [20, 21]. However,
assays of glycated albumin are not readily
available and can be affected by conditions
that alter protein metabolism. Nevertheless,
and despite its limitations, HbAlc is consid-
ered a reasonable marker of glycemic control
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in diabetic patients with ESRD [22] and is still
widely used in clinical practice.

Hypoglycemic agents in ESRD

The main oral hypoglycemic agents that can
be used in dialysis patients are the dipeptidyl
peptidase-4 inhibitors, with appropriate dose
reduction, and the sulfonylurea glypizide. In-
sulin is an alternative option: preferably a com-
bination of basal insulin and rapid acting
insulin analogues with adjustment of the doses
based on glucose patterns.

Most oral hypoglycemic agents are contrain-
dicated in ESRD patients [23]: (1) the bigua-
nides pose a significant risk of lactic acidosis;
(2) the sulfonylureas (with the exception of
glypizide, which is metabolized mainly by the
liver) are subject to extensive renal excretion
and pose a significant risk of hypoglycemia; (3)

this is also applicable to the meglitinides; (4)
the thiazolidinediones have a risk of fluid
overload, precipitation of heart failure, and
increased cardiovascular risk; (5) GLP-1 ana-
logues undergo extensive renal excretion and
can cause hypoglycemia; and (6) the alpha-
glucosidase inhibitors have limited data on
their use in ESRD.

Impact of glycemic control on
outcomes

Glycemic control has been consistently associ-
ated with a beneficial impact on outcomes in
diabetic patients, including those with early
stage CKD. However, such data in ESRD
patients are limited largely because of small
and observational studies, which generally
show that poor glycemic control is associated
with higher morbidity (Table 16.2). However,

Observations on the impact of glycemic control on morbidity and mortality in hemodialysis

patients

Authors and

year of Number and
publication Type of study type of patients
Wu et al, 1997 Retrospective 137 Hemodialysis
observational
Morioka et al, Prospective 150 hemodialysis
2001 observational
Oomichi et al, Prospective 114 hemodialysis
2006 observational
Williams et al, Observational 24,875
2006 hemodialysis
Kalantar-Zadeh Observational 26,187
et al. 2007 hemodialysis
Tsujimoto et al, Prospective 134 hemodialysis
2009 observational
Ishimura et al, Observational 122 hemodialysis
2009
Drechsler et al, Observational 1255 hemodialysis

2010

Results

Increase in mortality and cardiovascular
morbidity with poor glycemic control

Better survival with good glycemic
control (HbA1c <7.5%)

Decrease in mortality with lower HbA1c
levels

No correlation between HbA1c and
mortality at 12 months

Decrease in mortality with lower
HgbA1c levels

Decrease in cardiovascular events with
good glycemic control (HbATc <7%)

Decrease in mortality with good
glycemic control (HbA1c <6.3%)

Poor glycemic control (HbA1c >8%)
increases the risk of sudden cardiac
death when compared with good
glycemic control (HbA1c <6%)
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taking into account their inherent design limi-
tations, proper conclusions cannot be drawn
regarding the ideal blood glucose level. Moreo-
ver, a recent observational study conducted by
Miklos Molnar and his team on 54 757 diabetic
patients treated with dialysis found a link
between high death rates and HbAlc levels
of 8% or greater [24]. Sylvia Paz Ramirez
and her colleagues recently analyzed data on
8437 dialysis patients from 12 countries who
had diabetes and showed that the lowest risk
of death occurred when HbAlc levels were
between 7% and 8% (Paz et al., unpublished,
2011). Thus, while ESDN patients are treated
in clinical practice according to the guidelines
established for patients with normal kidney
function (target HbAlc between 6% and 7%, a
fasting blood glucose level <140mg/dL, and a
postprandial glucose level <200mg/dL (level of
evidence C) [25], a revision of these guidelines
is needed to highlight the importance of avoid-
ing strict glycemic control in this patient popu-
lation and maybe set a new target HbAlc level
between 7% and 8%.

Poorly controlled hypertension is a major car-
diovascular risk factor in the general popula-
tion and in patients with CKD. The prevalence
of hypertension exceeds 50% in hemodialysis
patients, and such patients do not manifest
the normal nocturnal decline of blood pres-
sure (BP) that occurs in healthy individuals,
thereby predisposing them to the develop-
ment of left ventricular hypertrophy, which
is a strong predictor of cardiovascular disease
[26]. A meta-analysis of eight randomized con-
trolled trials showed that BP control in dialysis
patients is associated with a reduction in the
incidence of cardiovascular events and mortal-
ity [27].
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Assessment of hypertension in
ESRD patients

Unlike the general population, there are no
uniform guidelines addressing evaluation of
BP in patients with ESRD, particularly in the
diabetic population. To date, there is no agree-
ment concerning the optimal method and
time for BP measurement. When daily home
BP monitoring was compared with the 44-hour
interdialytic ambulatory BP readings in chronic
hemodialysis patients, an excellent correlation
was found between average systolic and diasto-
lic ambulatory BP and respective home BP
readings. Moreover, prehemodialysis diastolic,
but not systolic, BP was a good reflection of
diastolic ambulatory BP [28]. Home BP moni-
toring is therefore suggested as a cost-effective
way to diagnose hypertension in hemodialysis
patients.

Although the optimal BP range has been
determined in the general population and in
patients with either diabetes or CKD, there is
no consensus concerning target BP levels in
hemodialysis patients whether diabetic or not.
Besides, a U-curve relationship between cardio-
vascular mortality and BP has been shown in
these patients [29]. Despite the controversial
data, the NKF-K/DOQI clinical practice guide-
lines in dialysis patients set the predialysis and
postdialysis BP goals as <140/90mm Hg and
<130/80mmHg, respectively (level of evidence
C) [25].

Mechanisms of hypertension in ESRD
patients

The development of hypertension in ESRD
patients has been attributed to many risk
factors that also apply to the diabetic sub-
groups, and these include (1) extracellular fluid
expansion; (2) derangements of the renin-
angiotensin system; (3) Sympathetic overactiv-
ity; (4) impaired vasodilatation; (5) secondary
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hyperparathyroidism; and (6) use of ESAs for
anemia correction.

Management of hypertension in
ESRD patients

Recommendations issued for ESRD patients in
general can likely be applied to the subgroup of
diabetic ESRD patients [25]. In all dialysis
patients, management of fluid status and
adjustment of antihypertensive medications
are the mainstay of hypertension therapy.
Importantly, adequate BP control requires die-
tary sodium restriction [30] and achievement
of dry weight through adequate dialysis [31].
Increased ultrafiltration, longer or more fre-
quent dialysis and drugs that reduce salt appe-
tite are recommended (level of evidence B).
Antihypertensive medications can be used if
dialysis fails to ensure adequate salt and volume
removal [32]. The most commonly used agents
are calcium channel blockers, beta-blockers,
and inhibitors of the renin-angiotensin system.
The last ones are preferred according to guide-
lines (level of evidence C) [25] because they
reduce left ventricular hypertrophy and cardio-
vascular risk [33, 34]. However, since their use
poses an increased risk of hyperkalemia, serum
potassium should be closely monitored [35].
Beta-blockers are the preferred agents in ESRD
patients with dilated cardiomyopathy, in
whom they improve clinical status and left
ventricular function and, most importantly,
reduce mortality [36]. Calcium channel block-
ers do not reduce left ventricular hypertrophy
but they provide significant BP lowering [37].
Antihypertensive drugs should be given prefer-
entially at night, because they may reduce the
nocturnal surge in BP and minimize intradia-
lytic hypotension, which may occur when
drugs are taken the morning before a dialysis
session (level of evidence C). In patients with
difficult-to-control hypertension, the dialyza-
bility of antihypertensive medications should
be considered (level of evidence C).

Dyslipdemia is considered as one of the major
cardiovascular risk factors in patients with dia-
betes and CKD. Also the pattern of dyslipi-
demia in diabetic patients is similar to that
commonly seen in patients with CKD, with
high triglyceride levels, low high-density lipo-
protein cholesterol (HDL-C) levels, and average
low-density lipoprotein cholesterol (LDL-C)
levels [38]. Furthermore, there is a shift in the
LDL particle size to the more atherogenic
small, dense LDL particles in patients with type
2 diabetes [39].

Therapy of dyslipidemia in diabetic
ESRD patients

Although the use of statins in various popu-
lations was associated with substantial car-
diovascular benefit, there are limited trials
investigating their effect in diabetic patients
with ESRD. Improvement in survival has
been suggested in observational studies that
addressed statin use among ESRD patients [40].
To date, two major randomized controlled
trials have studied the effect of such therapy in
hemodialysis patients: the 4D study used ator-
vastatin and showed a significant relative
reduction of 18 % in all cardiac events, but
counterbalanced by an increased incidence of
fatal ischemic stroke, and no difference in all-
cause and cardiovascular mortality [41]. The
AURORA study that used rosuvastatin in dialy-
sis patients confirmed no benefit on major car-
diovascular events or death [42]. However, a
subgroup analysis of diabetic patients revealed
a significant relative reduction of 32% in all
cardiac events [43].

The SHARP trial recently assessed the use
of a combination of simvastatin and ezetimibe
in CKD patients, including individuals on
hemodialysis. The combination pill signifi-
cantly reduced the rate of non-hemorrhagic
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stroke and arterial revascularization procedures
without any difference in the rate of myocar-
dial infarction. Subgroup analysis showed similar
results among dialysis and non-dialysis patients
[44] and further post hoc analysis in diabetic
patients on dialysis will be needed before
generalization of the results to this patient
population.

Based on the limited available data, the
NKF-K/DOQI guidelines for the treatment of
dyslipidemia in diabetic patients with CKD rec-
ommend the following [45]: (1) target LDL-C
in people with diabetes and CKD stages 1-4
should be <100mg/dL; a level <70mg/dL is a
therapeutic option (level of evidence B); and
(2) treatment with a statin should not be initi-
ated in patients with type 2 diabetes on main-
tenance hemodialysis who do not have a
specific cardiovascular indication for treatment
(level of evidence A).

Diabetic patients with CKD are at a much
higher risk of cardiovascular morbidity and
mortality than any other at-risk population
[46]. One of the discrete subtypes of the so-
called “cardiorenal syndrome” encompasses
how diabetes can affect both the renal and
cardiovascular systems. Hence, proper identifi-
cation and prevention of cardiovascular events
in diabetic patients with CKD is critically
important [47].

Cardiovascular risk factors

Traditional predictors of poor cardiovascular
outcomes such as poor glycemic control, hyper-
tension, dyslipidemia, and smoking are also
aggravated by some others unique to the
ESRD population; these include anemia, disor-
ders in phosphate metabolism and vascular
calcification, hyperparathyroidism, and intra-
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dialytic hypotension [48], in addition to non-
conventional risk factors such as endothelial
dysfunction, oxidative stress, and the microin-
flammatory state of the uremic environment.

Evaluation of cardiovascular disease
in ESRD

According to the NKF-K/DOQI guidelines [25],
all dialysis patients, regardless of symptoms,
require assessment for cardiovascular disease
and screening for both traditional and non-
traditional risk factors (level of evidence C),
including a baseline electrocardiogram (ECG)
(level of evidence C) and echocardiogram
(level of evidence A). Further evaluation by
exercise or pharmacological stress echocardio-
graphic or nuclear imaging tests should be
reserved for patients who are either candidates
for kidney transplantation or have a history of
CAD. Thus, universal CAD evaluation with
stress imaging is currently not recommended
for all dialysis patients (level of evidence C).
Among these tests, exercise-ECG is usually not
advised because of poor exercise tolerance and
high incidence of left ventricular hypertrophy
in this population. Both thallium scintigraphy
and dobutamine stress echocardiography can
be used, as they help stratify cardiac risk among
diabetic and non-diabetic ESRD patients [49].

Aspirin use in ESRD

It has been hypothesized that aspirin can be
useful as part of the primary prevention strat-
egy in ESRD patients. However, there are no
RCTs in this area. Data from the cohort studies
DOPPS I and II showed that the use of aspirin
in hemodialysis patients was associated with a
higher risk of cardiac events and lower risk of
cerebrovascular events without an increase in
the hemorrhagic risk [50]. A subgroup analysis
of the Hypertension Optimal Treatment trial
investigated the use of aspirin in various stages
of CKD and revealed a greater reduction in
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mortality and major cardiovascular events in
patients with worse kidney function; the ben-
efits appeared to outweigh bleeding risks [51].
As regards the subgroup of diabetic patients
with ESRD, trials addressing the use of aspirin
are lacking. Given the available limited and
controversial data, the NKF-K/DOQI guidelines
did not issue any specific recommendation
regarding the use of aspirin but stated that
“it may be useful for primary prevention of
atherosclerotic disease in dialysis patients, with
careful monitoring for bleeding complica-
tions,” without addressing the subgroup of
diabetic patients.

Management of acute coronary
syndromes (ACS) in ESRD

Dialysis patients have a higher mortality rate
after acute myocardial infarction and they
receive less optimal treatment than patients
with normal kidney function [52]. There are no
RCTs investigating the medical management
of ACS in either diabetic or non-diabetic
patients with ESRD, but observational studies
showed that the use of aspirin and beta-
blockers is generally protective in ESRD [53].
Thus, in the absence of strong evidence, the
NKF-K/DOQI guidelines on the evaluation
and management of cardiovascular disease in
dialysis patients issued the following recom-
mendations with a level of evidence C [25]: (1)
all dialysis patients presenting with ACS should
be treated as in the non-dialysis population,
with the exception of specific attention to
drugs that have altered clearances in kidney
failure (e.g., low molecular weight heparin);
and (2) dialysis patients with ST-segment
elevation acute myocardial infarction should
receive acute reperfusion therapy. Prompt
thrombolytic therapy is indicated if emergency
percutaneous coronary intervention (PCI) is
not readily available, but the latter is preferred
because of the potential for increased hemor-
rhagic risk associated with thrombolytic

therapy. These guidelines can likely be extrapo-
lated to diabetic patients on dialysis.

Coronary artery bypass graft (CABG)
surgery in ESRD

There are no RCTs comparing outcomes with
CABG against PCI in patients with ESRD, par-
ticularly in the diabetic population. A meta-
analysis of 17 retrospective cohort studies
addressing this issue in dialysis patients showed
that the short-term (30 days or in-hospital)
mortality was higher after CABG than PCI,
whereas the long-term (>1 year) mortality was
similar between groups or even lower after CABG
in some studies. Furthermore, PCI was associ-
ated with considerably more cardiovascular
events, and this trend could be attributed to the
higher restenosis rate in the group of patients
treated with this modality [54]. On the other
hand, a meta-analysis of four randomized
control trials comparing clinical outcomes
after PCI with bare-metal stenting versus CABG
in patients with multivessel CAD revealed
that the former has a similar long-term safety
profile than CABG. However, it is associated
with a higher repeat revascularization rates and
consequently more cardiovascular events [55].
Given the limited body of evidence, the NKF-K/
DOQI guidelines recommend individualizing
the decision to intervene with either PCI or
CABG for dialysis patients with obstructive
CAD (level of evidence C) with a preference
toward CABG for patients with multivessel
disease [25].

Once a diabetic patient reaches ESRD, several
options for renal replacement become availa-
ble: hemodialysis, peritoneal dialysis (PD), and
kidney transplantation (which is addressed in
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Chapter 17). It has been established that sur-
vival with either modality of dialysis is gener-
ally worse for diabetic patients than their
non-diabetic counterparts [56].

Hemodialysis versus peritoneal
dialysis

Despite several advantages of PD over hemodi-
alysis, its use progressively decreased over the
last decade while that of hemodialysis increased
[57], because of some observational studies
showing either similar or even worse outcomes
in diabetic patients treated with PD compared
with hemodialysis (Table 16.3). Furthermore, a
meta-analysis of six large-scale registry studies

and three prospective cohort studies compar-
ing outcomes among ESRD patients receiving
hemodialysis or PD revealed the following
results [58]: (1) PD is associated with better
survival than hemodialysis among non-
diabetic and younger diabetic patients; (2) PD
is generally associated with equivalent or even
better survival during the first year or two of
dialysis; and (3) conflicting results were
encountered in older diabetic patients such
that studies conducted in Canada and Denmark
showed no difference in survival between the
two dialysis modalities while others carried out
in the USA showed a better survival with
hemodialysis in diabetic patients more than 45
years of age.

Observational studies comparing outcomes between peritoneal dialysis and hemodialysis

Authors

and year of Number and type

publication Type of study of patients Results

Nelson et al, Observational 1,458 diabetics PD: lower mortality than hemodialysis in
1992 2,830 non-diabetics young diabetic patients (age 20 to 52)

Held et al, Prospective 1,725 diabetics 1. Non-diabetic patients: similar outcomes.
1994 observational 2411 non-diabetics 2. Diabetic patients: similar outcomes in

Fenton et al, Observational 2707 diabetics

1997 9263 non-diabetics

Vonesh Observational
et al, 1999 147,930 non-

diabetics

Collins et al, Observational

1999
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55,668 diabetics

117,158 patients

patients <58 years of age. Higher mortality

with PD in patients >58 years of age.

3. First year of treatment: similar outcome.

After 12 months: PD associated with higher

mortality

PD: lower mortality during the first 2 years of
treatment; effect less pronounced in
diabetics >65 years of age

1. Older (age >50) and female diabetics:

higher mortality on PD

2. Younger diabetics (age <50): lower

mortality on PD

3. Male diabetics: similar outcomes

1. PD: lower mortality in non-diabetics and

diabetics <55 years of age, especially during

the first 2 years of treatment

2. PD: higher mortality in female

diabetics >55 years of age
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Potential benefits of PD in diabetes

Hemodialysis is frequently associated with
recurrent episodes of hypotension, repetitive
coronary ischemia, and consequently myocar-
dial stunning and arrhythmias [59]. Thus, the
better hemodynamic profile associated with
PD makes it an advantageous modality in dia-
betic patients who are at increased risk of car-
diovascular complications [60]. Furthermore,
the lack of a need to create an arteriovenous
fistula, which increases cardiac overload and
can precipitate heart failure, may also be a
potential benefit of PD in such patients. Supe-
rior preservation of residual renal function,
with a significant impact on patient outcome,
has been associated with PD [61]. Finally, the
avoidance of anticoagulation and the lack of
need for vascular access with subsequently
fewer episodes of bloodborne diseases are addi-
tional advantages that favor this dialysis
modality in diabetic patients [57].

Potential disadvantages of PD
in diabetes

The conventional PD modality relies mainly
on D-glucose to achieve better ultrafiltration.
Indeed, since 50-80% of the intraperitoneal
glucose is absorbed into the systemic circu-
lation, excessive glucose exposure not only
worsens hyperglycemia but is associated also
with an increased incidence of dyslipidemia
[62]. Thus, glucose-sparing solutions have been
developed, the most widely available being
icodextrin. A meta-analysis of nine randomized
controlled trials comparing icodextrin to glu-
cose showed that the former had significant
advantages over glucose in small solute clear-
ance and plasma total cholesterol. However,
no differences in plasma triglycerides, fasting
plasma glucose, and body weight were observed
[63]. Hence, larger and longer randomized con-
trolled trials are needed to definitively assess
the effect of glucose-sparing solutions not only

on the metabolic profile but more importantly
on the survival of PD patients.

Where does the use of PD stand in
diabetic patients?

Given the available body of evidence, PD is
suggested as the initial modality of dialysis in
all ESRD patients. Non-diabetic patients and
older patients with diabetes may switch modal-
ity to hemodialysis or undergo kidney trans-
plantation after 1-2 years while younger
diabetic patients may stay longer on PD [64].
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Combined pancreas and kidney
transplantation or kidney alone
transplantation for patients with
diabetic nephropathy

Hermann J. Kissler, Christiane Riister and Utz Settmacher

Jena University Hospital, Jena, Germany

e Multidisciplinary pretransplant evaluation is manda-
tory to optimize graft and patient survival.

e Cardiovascular evaluation and screening for chronic
conditions, i.e., infections and malignancy, allow for
appropriate management before transplantation.

e Preoperative preparation of the pancreas kidney
transplant recipient is vital, with special emphasis on
hydration status, cytomegalovirus prophylaxis, and
immunosuppressive therapy.

e Complications after renal transplantation are delayed
graft function, hemorrhage, acute rejection, and
adverse effects of immunosuppressive drugs.

e Proteinuria is common after kidney transplantation
and is a significant marker of graft injury.

e Urinary tract infection is the most common infec-
tion after renal transplantation.

e Chronic allograft nephropathy is the most common
cause of chronic renal transplant dysfunction and
managed by reducing or discontinuing calcineurin
inhibitor treatment.

e Acute and chronic complications after pancreas
transplantation.

e Adding a pancreas transplant to a kidney transplant
not only improves diabetes and quality of life, but
increases patient survival.

e Complications occur more often in pancreas than
in kidney transplantation and considerably account
for early pancreas transplant loss.

Diabetic nephropathy is the most common
cause of end-stage renal disease (ESRD), fol-
lowed by glomerulonephritis, polycystic kidney

disease, hypertensive nephropathy, lupus neph-
ropathy, and interstitial nephritis. Owing to
the enormous advances in immunosuppressive
therapy and surgical technique, kidney trans-
plantation is now considered the best treat-
ment for the majority of patients with ESRD.
Renal transplantation clearly benefits the

Diabetes and Kidney Disease, First Edition. Edited by Gunter Wolf.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

232

asueo1 sLoquoo anEa1D 3|ged1 dde aU) Aq poueA0 918 S 1L YO 88N 0S|I 10} ARIGIT BUIIUO A3 UO (SUO1IPUOD-PLE-SLLLBIW0D /B !M'AHJQ!F’U!IU@’DLI) SUONIPUOD PUE LWL | 8L} 39S *[9202/20/8Z] U0 Areiq178UIIUO ABIM ‘TRULIDUID JO AISIAIUN AQ /10p/W00 A |IM ARRAq 1 PUIUO//SANY WOl peuLmumoa



Combined pancreas and kidney transplantation

recipients by being superior to dialysis in terms
of quality of life, control of comorbidities, cost-
effectiveness, and survival [1]. In the case of
type 1 diabetes mellitus, simultaneous pan-
creas and kidney (SPK) or pancreas after kidney
(PAK) transplantation is clearly an option to
significantly improve kidney graft function
and survival in selected patients [2]. This is due
to pancreas transplantation being more effec-
tive in achieving glycemic control with a
greater impact on secondary diabetic compli-
cations than intensive insulin therapy.

Patients with diabetic nephropathy eligible for
kidney transplantation must be on or about to
go on dialysis, and have ESRD. In this case,
patients should be listed for transplantation
once their estimated glomerular filtration rate
(eGFR) is below 20 mL/min/1.73 m?. As survival
after transplantation has been shown to be
better the shorter the patient is on dialysis,
patients should be transferred for timely evalu-
ation when the eGFR is below 30mL/min/
1.73m? [3].

Patients with ESRD and type 1 diabetes with
other diabetic complications are candidates for
a simultaneous pancreas and kidney transplant
from the same donor because immunosuppres-
sion requirements are similar to those for a
kidney transplant alone, and rejection episodes
are more easily detected by monitoring kidney
function. This also applies for patients with
type 1 diabetes and failure of a previous renal
transplant. Furthermore, pre-emptive SPK
transplantation is possible in patients with
ESRD before the onset of chronic dialysis. The
second indication for pancreas transplantation
is patients with type 1 diabetes with a well-
functioning kidney transplant from either
a living or cadaveric donor. These patients
benefit from better control of metabolism than

achieved by exogenous insulin therapy, thereby
accounting for the risk of major surgery.
According to the International Pancreas Trans-
plant Registry (IPTR), 75% of pancreas trans-
plants were SPK and 18% PAK [4]. In 2010, 7%
of patients receiving a pancreas transplant
were categorized as type 2 diabetes, based on
detectable serum C-peptide levels, and repre-
sented 8% of SPK and 5% of PAK [4]. According
to the new US pancreas allocation system that
was approved by the United Network for Organ
Sharing Board in November 2010, qualifying
criteria for SPK include either being on insulin
with serum C-peptide <2ng/mlL, or being on
insulin for glycemic intolerance with a body
mass index (BMI) < 28 kg/m? with a C-peptide
>2ng/mL [5].

Before recommending transplantation of
any type, criteria precluding a successful trans-
plant outcome must be excluded as outlined in
Box 17.1. Thus, active or chronic untreated
infection and recent malignancy needs to be
ruled out. Patients must be compliant, without
active addiction to alcohol or substance abuse,
and active uncontrolled psychiatric disorder or
psychologic instability. Life expectancy after
transplantation must be reasonable. As diabe-
tes and ESRD puts patients at high risk to
develop complications of arteriosclerosis, i.e.,
cardiovascular disease and stroke, insufficient
cardiovascular reserve needs to be ruled out.
Patients must be able to tolerate the transplant
surgery and immunosuppressive therapy. High
levels of sensitization to donor tissue precludes
transplantation because of a high incidence of
hyperacute rejection and transplant loss, and
may only be feasible with specific desensitiza-
tion protocols [6].

The aim of the evaluation is to identify
relevant comorbidities requiring treatment or
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Combined pancreas and kidney transplantation

1. Reversible renal disease
2. Insufficient cardiovascular reserve

ejection fraction below 50%
recent myocardial infarction
. Recent malignancy
. Active or chronic untreated infection
. Life expectancy < 1 year
. Sensitization to donor tissue
. Ongoing alcohol or substance abuse

W o NOGOUT AW

Contraindications to pancreas and kidney transplantation

coronary angiography indicating non-correctable coronary artery disease

. Uncontrolled major psychiatric illness or psychologic instability
. History of noncompliance with medical treatment

constituting a contraindication for transplan-
tation, to unmask psychosocial problems
endangering the transplant outcome, and to
determine the immunologic status for correct
organ matching. Thus, the evaluation of the
potential kidney and combined kidney-
pancreas transplant candidate follow the same
general guidelines [7].

The evaluation begins with a detailed history
and physical examination, and the renal and
urologic diseases are evaluated first. It is impor-
tant to record the progression of the renal
disease, time period and clinical course on
dialysis, including complications, and amount
of urine production. As the kidney transplant
drains into the lower urinary tract, it is crucial
to detect urologic problems that can affect the
transplant outcome. Therefore, patients with a
history of obstructive uropathy, nephrolithia-
sis, recurrent urinary tract infections, bladder
dysfunction, and previous urologic malig-
nancy need to be evaluated by an urologist.
This allows for pretransplant medical or opera-
tive management of any urologic condition,
and eventually planning of an alternate urinary
drainage of the kidney transplant. All medi-
cations are recorded and medical therapy
adjusted to optimize glycemic and metabolic
control of diabetes in order to account for the
increased risk of cardiovascular and infectious
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complications in this group of patients after
transplantation. The review of systems should
identify any extrarenal organ system issues
which need to be specifically addressed by
more detailed studies and specialist consul-
tation. Extensive laboratory, radiologic, and
specialty testing with special emphasis on car-
diovascular and immunologic evaluation are
required, as described below and detailed in
Box 17.2. After completion of the evaluation,
acceptance of the patient for candidacy for
transplantation is decided. If accepted, the
patient is placed on the waiting list.

Cardiovascular, cerebrovascular, and
peripheral vascular evaluation

Diabetic patients with ESRD have considerable
comorbidities, with advanced vascular disease
being the most important. These patients have
an increased rate of myocardial infarction,
stroke, and limb amputations due to athero-
sclerosis of the cardiovascular, cerebrovascular,
and peripheral vascular systems. Mortality from
cardiovascular disease is thought to be 10-20
times that of the general population and the
leading cause of death in diabetic ESRD patients.
Because of diabetes-related neuropathy, patients
do not experience ischemia-induced angina
pectoris. Diabetic ESRD patients have a high

a5U9017 s‘.uowwoo aAIIea1D 9|ceat|dde ay) Aq peusenob aJe S9ILe YO ‘85N J0 S9|NJ Joj Aleiq1 SUIIUQO AS|IA UO (SUONIPUOI-PUE-SWB) WD A9 !M'/‘HJQ!BU!IU@'W) SUONIPUOD PUe SIS 1 8y} 89S *[9202/20/82] U0 Akeiqiauliuo AB|IM ‘Ireuupuld JO AisieAlun Aq /iopwodAa|im Aselq puluo//sdny wo.j peanumoa



Combined pancreas and kidney transplantation

Evaluation of pancreas and kidney transplant recipients
Laboratory studies

General

Complete blood count, blood chemistries (creatinine, urea, uric acid, electrolytes, calcium, phosphorus, osmo-
larity, total protein, albumin, amylase, lipase), liver function tests (aspartate aminotransferase, alanine ami-
notransferase, y-glutamyl transferase, alkaline phosphatase, bilirubin total + direct), coagulation profile
(prothrombin time, partial thromboplastin time, thrombin time, fibrinogen, angiotensin i, protein C and S,
activated protein C resistance), diabetes related (insulin, C-peptide, a1-antitrypsin, HbA1c, glucose day
profile), bone related (vitamin D metabolites, intact parathyroid hormone, osteocalcin, bone specific alkaline
phosphatase), thyroid hormones (fT3, fT4, TSH), triglycerides, total cholesterol, LDL-cholesterol, HDL-
cholesterol, tumor markers (CEA, CA 19-9, PSA)

Urine: urinalysis, urine sediment, urea/creatinine clearance, urine crosslinks, urine culture

Heme occult test 3x

Infectious profile
Hepatitis B and C serologies, HIV, herpes simplex, varicella zoster serologies, CMV and Epstein-Barr virus
serologies (IgM/IgG), RPR (syphilis), PPD (tuberculosis skin test)

Immunologic profile

Blood type (ABO), HLA typing, panel reactive antibody (PRA)

Auto-antibodies: islet-ab, insulin-ab, sm-ab, antinuclear ab, ds-DNA-ab, cardiolipin-ab (IgM/IgG), antibasal
membrane ab, c-ANCA, p-ANCA, including anti-PR3- and anti-MPO-auto-ab

Cardiac and vascular evaluation

Electrocardiogram, echocardiography with Doppler, exercise/dipyridamole thallium scintigraphy, coronary
angiogram (>40 years, positive scintigraphy)

Peripheral arterial duplex studies, carotid duplex study, duplex of iliac and lower extremity vessels, angiography
(if no triphasic pattern in duplex)

Pulmonary evaluation
Chest radiograph, pulmonary function tests

Urologic evaluation
Voiding cystourethrogram, urodynamic studies, renal ultrasound, cystoscopy

Gastrointestinal evaluation
Upper gastrointestinal endoscopy, colonoscopy, gallbladder ultrasound

Specialist consultation

Ophthalmology

Neurology

Psychiatry

Otolaryngology

Dentistry

Dermatology

Gynecology: gynecology examination with Papanicolaou smear, mammography (women >35 years)
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Combined pancreas and kidney transplantation

prevalence of cardiovascular disease, left ven-
tricular hypertrophy, and congestive heart
failure. Thus, they are at high risk of cardiovas-
cular events after transplantation. Therefore, a
thorough cardiac work-up is mandatory. The
minimum evaluation entails ECG, echocardi-
ography with Doppler, and a dipyridamole
thallium stress test. Patients with a positive
stress test need to undergo a coronary angiog-
raphy. If cardiovascular disease is detected and
amenable to angioplasty or coronary artery
bypass grafting, these procedures need to be
carried out before transplantation.

Cerebrovascular and peripheral vascular dis-
eases are also significant in this patient group,
and routine evaluation thus requires duplex
studies of the carotids, iliac, and lower extrem-
ity vessels. Angiography is indicated if the
duplex studies detect any pathology poten-
tially requiring angioplasty or vascular surgery.
Magnetic resonance imaging (MRI) or com-
puted tomography (CT) scan of the head are
mandatory studies after transitory ischemic
attacks or stroke.

Immunologic evaluation

The aim of extensive immunologic evaluation
is to assess the variables that predispose a
patient to antibody-mediated hyperacute rejec-
tion. The evaluation comprises four compo-
nents: ABO blood group determination, human
leukocyte antigen (HLA) typing, serum screen-
ing for antibody to HLA phenotypes, and
cross-matching.

Histocompatibility testing includes blood
typing (ABO), and HLA typing (A, B, DR, DQ).
This allows identification of potential matches
and avoidance of incompatible recipient-donor
pairings that would result in transplant
rejection.

In addition, the serum is screened for anti-
body to HLA phenotypes to determine the
degree of humoral sensitization to HLA anti-
gens. This is called the panel-reactive antibody
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(PRA). It is expressed as the percentage of
potential donor antigens against which the
recipient’s serum may react, and thus predis-
pose a sensitized recipient to develop a hypera-
cute antibody-mediated rejection. Higher PRA
levels result in fewer matches and longer
waiting time. Therefore, these patients receive
priority in organ allocation.

Before transplantation, donor/recipient cross-
matching is required. This assay determines
whether a potential transplant recipient has
preformed anti-HLA Class I antibody against
those of the donor. A negative cross-match is
absolutely necessary before accepting organs
for transplantation.

Evaluation of pancreas kidney donor
Living kidney donor evaluation

Living kidney donation is an essential part of
transplantation practice, especially in the face
of the shortage of deceased donor kidneys and
the growing waiting list of potential recipients,
but also in the view of an optimum for patient
and graft survival and in concepts of pre-
emptive transplantation. On the basis of the
underlying ethical principal of “doing no
harm,” the donor evaluation process aims to
ensure the suitability of the donor and to mini-
mize the risk of donation. This involves the
identification of contraindications to donation
and the presence of unreasonable medical
risks. Therefore, a comprehensive and stand-
ardized medical and psychosocial routine
evaluation for the potential donor has been
suggested based on a consensus of the “Amster-
dam Forum on the Care of the Live Kidney
Donor” (Table 17.1) [8].

Limitations in living kidney donation have
to be identified and to be outweighed carefully
in the individual situation. A gradual donor
evaluation including the testing of blood
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Medical evaluation of the potential live kidney donor

Routine screening for the potential living kidney donor

Urinalysis

Assessment of
renal function
Blood tests

Virology and
infection screen

Cardiorespiratory
system

Assessment of
renal anatomy

Dipstick for protein, blood and glucose
Microscopy, culture and sensitivity
Measurement of protein excretion rate
Estimation/measurement of GFR

Hematologic profile

Complete blood count

Hemoglobinopathy (where indicated)

Coagulation screen (PT and APTT)

G6PD deficiency (where indicated)

Biochemical profile

Creatinine, urea, and electrolytes

Liver tests

Urate

Fasting plasma glucose

Bone profile

Glucose tolerance test (if fasting plasma glucose >6-7 mmol/L)

Blood lipids

Thyroid function tests (if indicated)

Pregnancy test (if indicated)

PSA (if indicated)

Hepatitis B and C

Toxoplasma

Syphilis

HIV and HTLV 1/2

Malaria (where indicated)

Cytomegalovirus

Trypanozome cruzi (where indicated)

Epstein-Barr virus

Schistosomiasis (where indicated)

HHV8 and HSV (where indicated)

Strongyloides (where indicated)

Typhoid (where indicated)

Brucellosis (where indicated)

Chest radiograph

Electrocardiogram

Stress test

Echocardiography (where indicated)

Appropriate imaging investigations should allow confirmation of the presence of two
kidneys of normal size and enable abnormalities of the collecting system and
calcification or stone disease in the renal tract to be detected. They must also
delineate the anatomy of the renal vasculature

PSA, prostate-specific antigen; HIV, human immunodeficiency virus; HTLV, human T-lymphotropic virus; HHY,
human herpes virus; HSV, herpes simplex virus.

Modified from Delmonico F. A Report of the Amsterdam Forum On the Care of the Live Kidney Donor: Data
and Medical Guidelines. Transplantation 2005;79(6 Suppl):S53-66.
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Combined pancreas and kidney transplantation

group compatibility, cross-match, HLA sensiti-
zation (if indicated), and primary contraindica-
tion in the donor’s previous medical history as
well as routine urine and blood analysis help
to triage unacceptable donors at an early point
of time and to identify ABO/HLA incompatibil-
ity issues [9]. The Amsterdam Forum Guide-
lines provide a general recommendation how
to proceed with pathologic diagnostic find-
ings according relative or absolute contrain-
dications for living kidney donation (Table
17.2) [8].

Cadaver donor evaluation

Upon notification of the organ procurement
organization (OPO) of potential organ donors,
it decides upon tentative medical suitability
and correct documentation of brain death. An
OPO transplant coordinator then personally
obtains the consent of the family for organ
donation and contacts transplant programs
that have patients on the waiting list for organ
transplantation. Although each transplant
center has its own acceptance criteria, com-
monly accepted contraindications are outlined
in Box 17.3.

Thus, absolute contraindications for trans-
plantation are malignancy, positive HIV status,
and sepsis with multiorgan failure. Septicemia
is considered a relative contraindication, based
on reports of comparable transplant and
graft survival between bacteremic and non-
bacteremic donors [10].

The major contraindication specific for
kidney transplantation is pre-existing renal
disease, which can be substantiated by serum
creatinine, creatinine clearance, and renal
biopsy. In order to better address the shortage
of cadaver kidneys, the use of kidneys from
so called “expanded criteria” or “marginal”
donors has been widely accepted. Therefore,
scoring systems for assessment of cadaver
kidneys have been developed to quantify criti-
cal donor variables for prediction of transplant
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outcome, i.e.,, age, hypertension, creatinine
clearance, cause of death, and HLA mismatch
[11]. As glomerulosclerosis of 15-50% and cre-
atinine clearance of 50-90mL/min are consid-
ered contraindications for single kidney
transplantation, another approach to expand
the donor pool is to transplant a single recipi-
ent with two renal allografts [12].

Criteria for selection of pancreas donors are
tighter than for kidney donors, because of the
unique anatomical and physiologic properties
of the pancreas with increased risk of graft
failure. Major fatty infiltration of the pancreas
and a predisposition to type 2 diabetes mellitus
generally disqualify obese donors with a BMI
above 30kg/m? More pancreatic fibrosis and
calcification in older donors precludes their
pancreas from transplantation. Hyperglycemia
and hyperamylasemia are common after brain
death. However, hyperglycemia is not a
contraindication to pancreas procurement of
donors who have no history of diabetes mel-
litus and normal glycosylated hemoglobin
(HbAlc) levels. Hyperamylasemia is more
alarming, but does not affect graft function
unless pancreatitis and pancreatic damage
are macroscopically detected. Thus, pancreatic
assessment during procurement is of para-
mount importance to characterize pathologic
changes of the pancreatic parenchyma and to
check the vascular supply for a replaced or
accessory right hepatic artery with its origin
from the superior mesenteric artery, which
needs to stay with the liver transplant. With
the increasing demand for pancreas transplan-
tation, two scoring systems have been pro-
posed to expand the donor pool, one from
Eurotransplant data (Preprocurement Pancreas
Allocation Suitability Score, P-PASS) and from
Scientific Registry of Transplant Recipients data
(Pancreas Donor Risk Index, PDRI) [13, 14].
Currently, the multicenter study EXPAND pro-
spectively evaluates an extended donor pan-
creas program in the Eurotransplant region
(Clinical Trials.gov Identifier: NCT01384006).
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Combined pancreas and kidney transplantation

Contraindications of kidney and pancreas procurement for
transplantation

General

History of malignancy (absolute), except primary brain tumor

Infectious disease: HIV (absolute), hepatitis B or C (relative, depending on recipient status), any untreated
systemic bacterial, fungal or viral infection

Septicemia (relative), sepsis with multiorgan failure (absolute)

Kidney
History of chronic renal disease (glomerulosclerosis >25-50% in renal biopsy, creatinine clearance of 50-90
mL/min for single kidney transplant)

Pancreas

Age <10 years and >55 years

Body weight <30kg and >100kg in consideration with height

History of diabetes mellitus or elevated HbA1c

History of alcoholism

History of pancreatic surgery

Traumatic injury of the pancreas

Intraoperative macroscopy of the pancreas: significant edema, fatty infiltration, fibrosis, or calcification, tumor,
injury, hematoma, insufficient vascular supply

Kidney alone transplant surgery

The kidney is usually transplanted heterotopi-
cally to the iliac fossa (Figure 17.1). A right or
left lower quadrant curvilinear hockey-stick type
incision is made in the iliac fossa, depending
on plans of a future pancreas transplant, which
is usually to the right. The incision is carried
down through the skin, subcutaneous tissue,
and external oblique aponeurosis through the
oblique muscle to the peritoneum. The perito-
neum is mobilized medially and cephalad to
expose the retroperitoneal fossa. The location of
the vascular anastomoses depends on the length
of the renal vessels, size of the donor kidney,
and ascent of the psoas muscle. The transplant
should lie flat in the iliac fossa avoiding greater
tipping up of the lower kidney pole. The renal

vein is anastomosed end-to-side to the iliac vein =
using 5-0 monofilament non-absorbable sutures. B
The iliac artery is anastomosed end-to-side with Kidney transplant in right iliac fossa with
6.0 monofilament non-absorbable sutures prox-  anterior ureteroneocystostomy.

imally relative to the venous anastomosis. Either

the external or the common iliac artery may be
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Combined pancreas and kidney transplantation

used. Alternatively, an end-to-end anastomosis
with the internal iliac artery is possible.

For ureteroneocystostomy, sterile saline is
infused into the bladder via a Foley catheter,
which is then clamped to keep the bladder
distended. The ureter is properly aligned, the
correct length measured, and the ureteral
artery ligated. The ureter is then cut, spatu-
lated, and slipped under the spermatic cord in
males. Placement of a 6F double-J silastic ure-
teral stent is optional, but may prevent early
urine leaks or ureteral stenosis. The stent is
removed about 4 weeks after transplant via
flexible cystoscopy. In the modified Lich-
Gregoir procedure, the spatulated ureter is
directly sutured to the bladder mucosa. The
bladder musculature is incised down to the
bladder mucosa. A cystostomy (2cm) is con-
structed with 5-0 monofilament absorbable
suture. The muscle layer is then approximated
with 4-0 monofilament absorbable sutures as
interrupted stitches for creation of an antire-
flux tunnel over the distal aspect of the ureter.
Alternatively, in the Ledbetter—Politano proce-
dure, a cystotomy is done and the ureter is
tunneled posteriorly near the trigone. After
positioning of the transplanted kidney without
tension on the vessels and ureter to lie flat, the
incision is closed by approximating the oblique
musculature and external oblique aponeurosis
in a single layer.

Pancreas transplant surgery

In SPK transplantation, the pancreas is trans-
planted first. The kidney is then transplanted
to the left iliac fossa as described above.

Benchwork preparation

The pancreaticoduodenosplenic graft is trans-
ferred in a basin with chilled preservation solu-
tion. The spleen is separated from the pancreas,
which is cleaned of fibrotic and adipose tissue
The ampulla of Vater is identified to ensure its

center position, and the proximal and distal
duodenum are trimmed to an adequate length
to allow for safe anastomosis of about 6-8 cm.
The superior mesenteric and splenic arteries are
reconstructed using the donor iliac artery as a
Y-graft. The end-to-end anastomoses are carried
out with 6-0 monofilament non-absorbable
sutures. This allows for one arterial anastomosis
of the graft. The portal vein is carefully mobi-
lized to gain an appropriate length for anasto-
mosis. If the vein is too short, it is elongated
using the donor external iliac vein.

Implantation surgery

Although surgical techniques differ in respect
to handling the exocrine pancreatic secretions
and venous outflow, there is a clear trend.
Figures 17.2-17.4 illustrate all three alternative
techniques. The surgical technique for duct
management changed from urinary bladder
drainage to enteric drainage. The latter is more
physiologic in delivering pancreatic enzymes
and bicarbonate to the intestines for reab-
sorption. Thus, urinary tract infections and

Simultaneous pancreas and kidney trans-
plant with systemic venous and bladder drainage.
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Combined pancreas and kidney transplantation

Simultaneous pancreas and kidney trans-
plant with systemic venous and enteric drainage.

Simultaneous pancreas and kidney trans-
plant with portal venous and enteric drainage.
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metabolic acidosis, common in bladder drain-
age, are avoided. As there has been no real
advantage of the more physiologic venous
drainage of the pancreas transplant in the
superior mesenteric vein with preservation of
the first-pass effect of insulin, the technically
easier systemic venous drainage in the iliac
vein or infrarenal inferior vena cava is used in
the majority of transplants. Thus, description
of the surgical technique is restricted to the
now favored procedure.

The abdomen is entered by a midline inci-
sion form 6-8cm below the xiphoid to the
pubis. The retroperitoneal tissue is opened
medial to the ascending colon to expose the
common iliac vessels. The portal vein of the
pancreas graft is anastomosed end-to-side to
the inferior vena cava using 5-0 monofilament
non-absorbable sutures. The common iliac
artery portion of the extension Y-graft that was
previously anastomosed to the donor splenic
and superior mesenteric arteries is sutured end-
to-side to the recipient common iliac artery
distal to the position of the venous anastomo-
sis using 6.0 monofilament non-absorbable
sutures.

The donor-to-recipient duodenoenterostomy
is done after reperfusion of the pancreas to
the terminal ileum 80cm cephalad from
Bauhin’s valve. It is performed as a two-layer
anastomosis using 4-0 absorbable monofila-
ment running sutures. The length of the
anastomosis is about 6-8cm. Alternatively, a
duodeno-duodenostomy can be performed.
The pancreas transplant is then placed with the
pancreatic head cephalad and the tail in the
retrocystic pouch of Douglas.

Pre- and postoperative management
of pancreas kidney transplantation

Preoperative management includes physical
examination, routine laboratory parameters
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Combined pancreas and kidney transplantation

depending on the local standard protocol (e.g.,
blood count, C-reactive protein, liver enzymes,
coagulation parameters, pancreatic enzymes,
baseline creatinine and urea, virologic screen-
ing, blood sample for cross-match for erythro-
cyte concentrates, etc.), a chest radiograph,
and an electrocardiogram. Depending on the
situation, acute preoperative hemodialysis
therapy needs to be performed. If the patient
does not have a functional vascular access or
performs peritoneal dialysis, an intraoperative
Shaldon catheter implantation should be con-
sidered. Preoperative thrombosis prophylaxis,
perioperative antibiotic therapy, and applica-
tion of immunosuppressive therapy depend on
local standards.

Because of the high prevalence of early pan-
creas rejection with rates of 5-25%, induction
therapy is routinely included in immunosup-
pressive protocols for pancreas transplant
recipients [15]. Induction therapy with either
alemtuzumab or antithymocyte globulin in
combination with a calcineurin inhibitor and
mycophenolate mofetil or sirolimus appears to
be safe and effective in the setting of rapid
steroid withdrawal [16]. Anti-interleukin (IL)-2
receptor antibody induction and no induction
in combination with a calcineurin inhibitor,
mycophenolate mofetil (MMF), or sirolimus,
and prednisone have demonstrated excellent
graft survival rates but are associated with a
higher incidence of acute rejection [17]. Myco-
phenolate mofetil in combination with tac-
rolimus or ciclosporin is more effective in the
prevention of rejection than is the combina-
tion of ciclosporin and azathioprine [18]. Com-
parison of cyclosporine with tacrolimus in
combination with mycophenolate mofetil,
and steroid plus induction with antithymocyte
globulin showed a reduction in the rates of
severe rejection with much lower rates of pan-
creas graft loss at 3 years in the tacrolimus
group [19]. A rapid steroid taper with induc-
tion therapy is safe and effective in simultane-
ous pancreas kidney transplantation, and also

steroid-free regimens seem to be possible in
combination with tacrolimus and antibody
induction showing no significant differences
in patient and graft survival and rejection
rates [20].

As in general postoperative care, usually
on an intensive care unit, the focus is on
cardiopulmonary stabilization, monitoring of
diuresis, and volume status as well as on tight
blood glucose controls. In the first 7 postopera-
tive days, in addition to standard laboratory
controls daily C-peptide controls are recom-
mended and daily color-coded duplex sonog-
raphy controls.

Complications after pancreas kidney
transplantation

Complications of kidney
transplantation

Surgical complications after renal transplant
are comparatively low with reported rates
of 5-10% [21]. Bleeding is uncommon and
usually from vessels not ligated at the hilum or
from small retroperitoneal vessels of the recipi-
ent. Vascular complications can involve the
donor vessels: renal artery thrombosis (<1%),
renal artery stenosis (1-10%), renal vein
thrombosis or the recipient vessels [iliac artery
thrombosis, pseudoaneurysm, deep vein throm-
bosis (5%)] [21]. Urologic complications either
present as a leak or obstruction (2-10%), often
as a result of ischemia of the transplant
ureter [21].

Lymphoceles are common and well-known
complications that occur in 1-26% of kidney
transplant recipients [22]. The cause of lym-
phocele formation is unclear, but it is believed
to result from transection of the lymphatic
vessels accompanying the external iliac vessels
during transplantation surgery and subsequent
lymph accumulation in a non-epithelialized
cavity in the extraperitoneal plane adjacent to
the transplanted kidney.
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Wound complications represent the most
common surgical complication after renal
transplant, including wound infections (5%),
fascial dehiscences, or incisional hernias (3—
5%) [21].

After exclusion of surgical and other revers-
ible complications, postoperative kidney graft
failure could be the result of rejection, and a
contemporary kidney graft biopsy needs to be
performed. A hyperacute rejection on the basis
of preformed antidonor antibodies and com-
plement activation occurs within minutes and
hours, whereas acute accelerated rejection is
due to sensitized T-cells and is observed within
the first days. Both early types of rejection
follow a mainly humoral immunologic pattern.
Acute rejection in days to weeks after trans-
plantation, mainly mediated by primary acti-
vation of T-cells, can often be different, either
in a mainly cellular or mainly humoral process.
Chronic allograft rejection occurs during a
span of months to years, and it appears to be
unresponsive to current treatment. The most
commonly reported pathologic changes are
chronic interstitial fibrosis and tubular atrophy,
which are accompanied by vascular changes
and glomerulosclerosis implicating its multi-
factorial genesis

Delayed graft function is a well-known com-
plication affecting the kidney allograft in the
immediate post-transplantation period. The
frequency of delayed graft function ranges
from 5% to 50% in deceased-donor kidney
transplants [23]. It is the result of predominant
ischemic injury to the graft before and during
procurement and is further aggravated by the
reperfusion syndrome, a multifactorial event
in which immunologic factors also play a role
[23]. Delayed graft function can contribute
either to acute rejection or to accelerated inter-
stitial nephritis and tubular atrophy, reducing
graft survival. It is associated with a 41%
increased risk of graft loss and is also associated
with a 38% increased risk of acute rejection
in the first year and results in a higher
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serum creatinine concentration. In this regard,
delayed graft function is important for the
prognosis of the clinical outcome after kidney
transplantation [23].

Since the introduction of calcineurin in-
hibitors, initially ciclosporin followed by
tacrolimus, graft survival has improved signifi-
cantly, but these drugs are nephrotoxic [24].
Calcineurin inhibitor nephrotoxicity is mainly
expressed as progressive arteriolar hyalinosis
and downstream glomerulosclerosis, and is a
common secondary diagnosis in 30% of so-
called troubled transplants [25]. Although iso-
lated calcineurin inhibitor nephrotoxicity
without rejection has a good outcome, early
recognition and treatment is important. In
high-risk recipients, as in simultaneous pan-
creas kidney transplantation, calcineurin in-
hibitor withdrawal is not recommended [25].
Therefore either calcineurin inhibitor mini-
mization or substitution with sirolimus or
everolimus can be considered under close
monitoring [26].

Residual human polyomavirus 1 (BK virus)
in the renal cortex or medulla transmitted
within transplanted kidneys can reactivate
depending on the intensity of the immunosup-
pressive regimen, mostly within the first year.
Asymptomatic viremia can result in transplant
infection and tubulointerstitial nephritis fol-
lowed by progressive transplant dysfunction in
severe BK virus nephropathy, clinically very
often mimicking graft rejection [27]. Early
identification of BK virus infection by screen-
ing of viremia with blood nucleic acid testing
and cautious reduction of immunosuppressive
therapy generally reduces and eliminates circu-
lating virus, preventing destructive parenchy-
mal infection [26]. The prognosis of once
established active BK virus nephropathy is
poor and therapeutic approaches often are
unsatisfactory.

Glomerular diseases can recur in kidney
transplants with different frequency. The risk
of recurrence is particularly increased in focal
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segmental glomerulosclerosis, immunoglobu-
lin A nephropathy, membranoproliferative
glomerulonephritis, hemolytic uremic syndrome,
oxalosis, and Fabry’s disease, and, to a lesser
extent, with lupus nephritis, antiglomerular
basement membrane disease, and vasculitis
[26]. Recurrence usually can be screened easily
by determination of proteinuria, hematuria
and decrease in GFR rate leading to specific
therapy.

The most common medical complications
during the first weeks after transplantation are
infectious problems. Infectious complications,
especially early urinary tract infections with a
rate of up to 81.9 % during the first 3 months
are highest in the early postoperative period
[28]. In spite of prophylaxis with valganciclo-
vir or co-trimoxazol, mostly applied for the
first 3-6 months, cytomegalovirus infections
and pneumocystis pneumonia still present a
threat and strict surveillance by the clinician
must be ensured.

Complications of pancreas
transplantation

Pancreas transplantation has the highest rate
of complications of all organ transplants.
Despite declining complication rates, the over-
all technical failure rate is 8-9% [4]. The most
frequent and severe complications, which com-
monly occur within the first half year of trans-
plantation, comprise vascular thrombosis of
the pancreas graft, transplant pancreatitis, and
intra-abdominal infections. Exocrine drainage
leaks and bleeding are rare. Graft monitoring
therefore includes frequent duplex sonogra-
phy, measurement of C-peptide and procalci-
tonin in serum, as well as amylase and lipase
in drains.

Vascular thrombosis

Vascular thrombosis usually occurs within the
first days after transplantation. It typically
affects the portal vein of the graft and is

thought to be due to its low blood flow state,
which is further reduced in reperfusion pan-
creatitis. Arterial thrombosis is rare and has a
preference at the anastomosis of atheroscle-
rotic arteries. Heparin and an antiplatelet agent
early in the postoperative period are usually
given to prevent thrombosis. The risk of mild
bleeding hereby outweighs the fatal risk of
graft loss. Signs of acute venous graft thrombo-
sis are abruptly elevated blood glucose, accom-
panied by pain and tenderness at the transplant
site with a swollen ipsilateral leg if the throm-
bus reaches the iliac vein. The diagnosis is con-
firmed by duplex sonography, CT scan, or MRI,
and requires immediate vascular revision with
thrombectomy or graft removal.

Transplant pancreatitis

Most recipients experience some form of graft
pancreatitis within the fist week of transplanta-
tion. It is usually detected by elevated serum
amylase and lipase levels and related to donor
hemodynamic instability or injury from pro-
curement, perfusion, preservation, and reper-
fusion. Clinical signs are abdominal pain and
distension. Diagnosis is confirmed by CT scan,
differentiating between mild edematous and
necrotizing forms. Complications comprise
pancreatic abscess, necrosis, perigraft infec-
tion, and pseudocyst. The graft is usually lost
when complicated by intra-abdominal infec-
tion. Mild forms can be managed conserva-
tively, whereas severe pancreatitis requires
reoperation and may result in graft removal.
Reflux pancreatitis occurs late in bladder-
drained transplants and is due to urinary reten-
tion. Treatment is usually by short-term Foley
catheter drainage. Only in recurrent pancreati-
tis, may enteric conversion be necessary.

Intra-abdominal infections

Among the factors contributing to intra-
abdominal infections are pancreatitis, graft
necrosis, bacterial translocation, and exocrine
drainage leaks. The underlying diseases, i.e.,
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longstanding type 1 diabetes and renal failure,
as well as immunosuppressive treatment, increase
the risk for infection. Abdominal pain, disten-
sion, ileus, fever, and elevated inflammatory
parameters in blood are usually present. An
abdominal CT scan is mandatory to identify
the etiology. Treatment consists of radiologic
drainage or surgery with appropriate antibiotic
treatment.

Leaks of the exocrine drainage
Anastomotic leaks of the enteric drained pan-
creas invariably cause serious abdominal infec-
tion. Clinical symptoms are abdominal pain,
distension, fever, and elevated inflammatory
parameters in blood. Abdominal CT scan
confirms the diagnosis. Surgical revision and
appropriate antibiotic treatment are always
necessary. If the infection cannot be eradi-
cated, the graft needs to be removed in order
to prevent sepsis and multiorgan failure. Man-
agement of a leak after bladder drainage
depends on the degree of leakage and consists
of primary repair or enteric conversion.

Complications related to bladder
drainage

Drainage of exocrine pancreatic secretions into
the bladder is responsible for several urologic
and metabolic complications. Loss of about
half a liter of pancreatic juice, rich in bicarbo-
nate and pancreatic enzymes, causes metabolic
acidosis and dehydration. The latter increases
the risk of cardiac arrhythmias, severe hypo-
tension with myocardial infarction, vascular
thrombosis, and graft loss. Frequent monitor-
ing of serum electrolytes and acid-base status
is therefore mandatory. Treatment consists of
vigorous hydration and oral bicarbonate sub-
stitution. The higher urinary pH results in a
higher rate of urinary tract infections, whereas
the pancreatic enzymes affect the urinary tract
mucosa leading to cystitis, uretritis, and balani-
tis. When conservative measures fail, enteric
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conversion is indicated. Because of the high
complication rate, bladder drainage has been
mostly replaced by enteric drainage.

Results of pancreas kidney
transplantation

Results of kidney transplantation

In deceased donation for kidney transplanta-
tion 1-year graft survival rates of more than
90% and a long-term graft loss of about 4% per
year resulting in 5-year survival rates of about
70% are consistently reported [29-31]. This is
accompanied by an excellent patient survival
of over 95% after 1 year and about 82% after
5 years [29]. Survival rates in living kidney
donation are even better, with a 1-year survival
of more than 95% and a S-year survival of
more than 80% [29].

Results of pancreas transplantation

The annual reports of the International Pan-
creas Transplant Registry (IPTR) and United
Network for Organ Sharing (UNOS) are the
authoritative sources for a comprehensive up-
to-date analysis of pancreas transplant outcome
[4, 32, 33]. From 1966 to 2010, 37 000 pancreas
transplantations have been reported to the
IPTR, including 25000 from the USA and
12000 from outside the USA. SPK accounted
for 75% and PAK for 18% of pancreas trans-
plants. The outcome is usually given as patient
and graft survival. The survival rate of patients
with SPK and PAK has constantly improved
over time and reached more than 95% at 1 year
post transplant for those carried out in 2009.
The unadjusted patient survival rate reached
87% in SPK and 83% in PAK at 5 years post
transplant, and more than 70% at 10 years post
transplant. The leading causes of early and late
death were cardiovascular and cerebrovascular
problems, and infections. The pancreas and
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combined kidney graft function also improved
over time. In 2006-2010, 1-year primary SPK
pancreas graft function was 85.5% and com-
bined SPK kidney function 93.4%, and 1-year
pancreas graft function for PAK was 79.9%. The
5-year, 10-year, and 20-year pancreas graft
functions were 80%, 68%, and 45%, respec-
tively, for SPK, and 62%, 46%, and 16%,
respectively, for PAK. These improvements
were due to a reduction in technical failure
rates and immunologic graft loss. Although
there was no difference in pancreas graft sur-
vival in bladder-drained versus enteric drained
pancreases, as well as in systemic versus portal
venous drainage, enteric drainage in combina-
tion with systemic venous drainage has mostly
replaced the other techniques. The overall
technical failure rate was 8-9% in 2009. Graft
thrombosis, infections, and pancreatitis were
more common than leaks and bleeding.
Current immunosuppression protocols gener-
ally have antibody induction therapy with tac-
rolimus and MMF as maintenance therapy, and
showed a trend toward steroid avoidance. The
most recent 1-year immunologic graft loss rate
was 1.8% in SPK and 3.7% in PAK.

Effect of pancreas transplantation on
secondary complications of diabetes
and quality of life

Successful pancreas transplantation restores
normoglycemia and HbAlc levels for as long
as the transplant functions [34]. This has a
positive influence on many secondary diabetic
complications. Thus, it has been shown that
SPK had a positive effect on cardiac disease, as
evidenced by lower rates of myocardial infarc-
tion and pulmonary edema than in diabetic
patients with KTA [35]. Cardiac atherosclerosis
regression has also been shown in nearly 40%
of patients with a functioning pancreas trans-
plant, and reversal of diastolic dysfunction to
normal 4 years post transplant [36, 37]. Neu-
ropathy has been reported to slightly improve

with reduction of autonomic neuropathy-related
sudden death [38]. Furthermore, recurrence of
diabetic nephropathy, documented after KTA,
could be prevented by SPK [39]. These positive
effects of a pancreas transplant may explain
why patient survival in SPK far exceeds that of
cadaver donor KTA [40, 41], and in one study
even of living donor KTA [2].

Several studies also confirmed that the
quality of life in patients with a pancreas trans-
plant is greatly improved compared with KTA
[39, 42].
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angiotensin II 52, 91
on podocytes 64-65
retinopathy 159, 161, 162
angiotensin-converting enzyme
inhibitors 72, 93, 202-214
anemia 216
children 149, 150
historical aspects 9-10
pregnancy 135
preventive role 203-206
renin inhibition with 208-210
slowing diabetic nephropathy
206-208
angiotensin receptor blockers 72,
202-214
anemia 216
children 149
historical aspects 10
pregnancy 135
preventive role 203-206
renin inhibition with 208-210
slowing diabetic nephropathy
206-208
animal models
genetics and 38
retinopathy 160
see also mouse models
Animal Models of Diabetic
Complications Consortium
56
anticoagulants, end-stage renal
disease 92
antihyperglycemic treatment
see glycemic control
antihypertensives 202-214
cardiovascular disease and 93,
104
children 150
hemodialysis patients 223
historical aspects 9
management 94
pregnancy 132, 135
preventive role 203-206
on proteinuria 72
slowing diabetic nephropathy
206-208
antithymocyte globulin,
immunosuppression 245
Arabian literature 4
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arginine residues, asymmetric
dimethylarginine from 90
Armanni-Ebstein lesion 4, 65
arterial thrombosis, pancreas
transplantation 247
arterioles, renal 65, Plate 5.1
aspart insulin, pregnancy 135
aspirin 87, 92, 94
end-stage renal disease
224-225
pre-eclampsia 138
pregnancy 134
asymmetric dimethylarginine
(ADMA) 90
atherosclerosis 87-88
C-reactive protein 90
pancreas transplantation on
249
atorvastatin see Die Deutsche
Diabetes Dialyse Study
AURORA study, statins 102, 105,
106-108
end-stage renal disease 223
Australia, epidemiology 17, 18,
19
autoimmunity, osteoporosis
118-119
Avicenna (AD 980-1037) 4
AVOID (study) 209

baseline LDL cholesterol, on
statin effect 106
basement membrane
early work 7
electron microscopy 66, Plate
5.1
histology 46, 64, Plate 5.1
pathophysiology 49
BENEDICT (trial) 203, 204
benfotiamine, retinopathy and
160-161, 162
Bergamo Nephrologic Diabetes
Complications Trial see
BENEDICT
beta-blockers 93, 223
bias, epidemiology 16b, 33
bicarbonate, target levels 95
biguanides, end-stage renal
disease and 221

biopsy
bone, renal osteodystrophy
123
kidney 31, 64, 67
see also histology
bisphosphonates, renal
osteodystrophy 122-123
BK virus 246
bladder
cancer, pioglitazone 192
drainage of pancreas grafts
243-244
complications 248
reflux 247
blood pressure
children 148
targets 150
control 72
hemodialysis 223
target levels 210-212
see also antihypertensives
end-stage renal disease 222
pre-eclampsia 137
pregnancy
self-monitoring 132
targets 135
blood urea nitrogen (BUN),
children 148
body mass index 94
body size, on fracture risk 118
bone 116-128
end-stage renal disease
219-220
remodeling markers 121-123
bone mineral density 117,
122-123
bone morphogenetic protein-7
(BMP-7) 53
bone size, on fracture risk 118
bone-specific alkaline
phosphatase 121-122
Bonferroni penalty 34
BTBR ob/ob mouse model 57
buformin 187

cadaver donors 238

results 248
calcification, vascular 91-92
calcineurin inhibitors 245, 246
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calcitriol 121
calcium channel blockers
204-205
hemodialysis patients 223
calcium-phosphorus product 220
calcium-sensing receptor 121
calpain 10 77
cancer see malignant disease
candesartan 205-206
candidate gene approach 33-34
candidates, pancreas kidney
transplantation 233-236
captopril
historical aspects 9-10
type 1 diabetes 206
carbamylation, hemoglobin 180
carbon dioxide, target levels 220
carboxyethyllysine, on prognosis
157
cardiovascular disease 85-100
antihypertensives and 93, 104
cholesterol on risk 102
end-stage renal disease
224-225, 234-236
glycemic control on 104
kidney donation and 241
multifactorial interventions
103-104
pancreas transplantation on
249
retinopathy in prediction
157-158
risk factors 92
end-stage renal disease 224
management 93-95
carnosinase 1 gene (CNDPI gene)
35
CARS gene 37
case selection, for epidemiology
15
cerebrovascular disease 96
AURORA study and 107-108
end-stage renal disease 236
chemokines 56
children 143-152
bone mineral density 117
psychomotor development,
maternal diabetic
nephropathy 133

China
ancient 3-4
epidemiology 18
CHOIR trial, erythropoiesis-
stimulating agents 218
cholesterol 87
cardiovascular disease risk 102
statins on 104
chronic kidney disease
defined 146
misclassification 32
retinopathy and 156
staging 147
Chronic Kidney Disease in
Children study, Schwartz
equation 148
ciclosporin 245, 246
classification of diabetic
nephropathy 65, 66b,
75-76, Plate 5.2
clopidogrel 87-88
CNDP1 gene (carnosinase 1 gene)
35
cohorts, optimal 33
collagen(s) 46-47
collagen III, platelet-derived
growth factor on 52
combination therapy see

multifactorial interventions

compliance, adolescents 149
concurrent renal disease 67
connective tissue growth factor
(CTGF) 52, 53
continuous glucose monitoring
180
contraception
after kidney transplantation
133
see also oral contraceptives
contraindications
DDP-4 inhibitors and GLP-1
agents 193
glucosidase inhibitors 192
meglitinides 191
metformin 188, 189
pancreas kidney
transplantation 234b,
238
donation 242b

pioglitazone 192
simvastatin 110
sulfonylureas 190
contrast agents, metformin and
188
coronary artery bypass grafting
96
end-stage renal disease 225
coronary artery disease 86,
95-96
cholesterol on risk 102
end-stage renal disease 224
pancreas transplantation on
249
sulfonylureas and 190
cotton-wool spots, retinopathy

155
counseling, planned pregnancy
133-134

C-reactive protein 76, 90-91
CREATE trial, erythropoiesis-
stimulating agents 218
creatinine
children 147, 148
death risk and 87
pregnancy 130, 131, 134
critical limb ischemia 97
cross-linked telopeptide of type 1
collagen 122
cross-matching, donor/recipient
236
cross-sectional studies,
prospective studies vs
33
cystatin C 76
cystostomy, kidney
transplantation 243
cytokines 46-47, 50-51, 56
anemia of chronic disease
216
cardiovascular disease 87
cytotrophoblasts, pre-eclampsia
136

darbepoetin-alfa, adverse effects
217-219

db/db mouse model 57

DCCT/EDIC (research program)
172
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definitions
chronic kidney disease 146
for epidemiology 15
for genetic research 31-33
heritability 39
pediatric hypertension 148
dehydration, pancreas
transplantation 248
delayed function, kidney
transplantation 246
dementia 97
Denmark, study of diabetic
nephropathy in pregnancy
132
DETAIL study 208
detemir insulin, pregnancy 135
Deutsche Hochdruckliga (DHL),
blood pressure level
guidelines 211, 212
Diabetes Control and
Complications Trial
(DCCT) 172, 173
retinopathy 155
diabetic foot syndrome 97
diabetic ketoacidosis, pregnancy

136
diabetic macular edema 154, 155,
156, 157, 164

diagnostic criteria
diabetic kidney disease 73-76
children 146-148
pre-eclampsia 137-138
Die Deutsche Diabetes Dialyse
Study (4D study), statins
102, 105, 106, 178
end-stage renal disease 223
dietary salt 73
restriction 93, 94
differential diagnosis 66-67
children 145-146
dimethylarginine
dimethylaminohydrolase
90
dimethylarginines
asymmetric (ADMA) 90
symmetric 90
dipeptidylpeptidase-4 inhibitors
193-194
end-stage renal disease 221
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DIRECT program 205-206
diuretics
ACE inhibitors with 208
pregnancy 135
dobutamine stress
echocardiography, end-
stage renal disease 224
donors, pancreas kidney
transplantation 236-242
dot hemorrhages, retinopathy
154
drainage of pancreas grafts
243-244
leaks 248
reflux 247
dual-energy X-ray absorptiometry
122
dyslipidemia 89
cardiovascular disease risk
102
end-stage renal disease
223-224
kidney donation and 239
management 93, 94
retinopathy and 163
microvascular disease 102-103
pregnancy 135-136

echocardiography, end-stage
renal disease 224

eclampsia 138

EDIC study 175

see also Epidemiology of

Diabetes Interventions and
Complications study

education 149

eGFR see glomerular filtration
rate

18q22.3 locus 35-36

electrocardiography, end-stage
renal disease 224

electron microscopy 63b, 66,
Plate 5.1

‘elevated’ blood pressure,
children 148, 150

ELMO1 gene (engulfment and
cell motility 1 gene) 36

EMT see epithelial-to-
mesenchymal transition

enalapril
ABCD trial 204-205
losartan vs 205
telmisartan vs 208
EndMT see epithelial-to-
mesenchymal transition
endothelial nitric oxide synthase-
deficient mouse model 57
endothelial-to-mesenchymal
transition (EndMT) 49, 54,
55, Plate 4.2
endothelins 88
endothelium
cardiovascular disease 87, 88
dysfunction 49
RAGE activation 50, 90
end-stage renal disease
anticoagulants 92
cardiovascular disease 224-225,
234-236
cerebrovascular disease 236
epidemiology 15, 16b, 20-25
children 144
transitions from chronic
kidney disease 26
glycemic control 177-179,
220-222
simultaneous pancreas and
kidney transplantation
233
treatment 215-231
see also kidney transplantation
energy intake, pregnancy 134
energy metabolism, bone
remodeling and 120
engulfment and cell motility 1
gene (ELMOI1 gene) 36
epidemiology
bias 16b, 33
children 144-145
chronic kidney disease 14-28,
62-66
end-stage renal disease 15, 16b,
20-25
children 144
transitions from chronic
kidney disease 26
fractures 116
glycemic control 30
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populations for 15
substructure 33
pre-eclampsia 137
pregnancy 130-131
retinopathy 155-157
Epidemiology of Diabetes
Interventions and
Complications study 16
see also EDIC study
epithelial-to-mesenchymal
transition (EMT) 49, 54,
55, Plate 4.2
erythrocyte survival see red cell
survival
erythropoiesis-stimulating agents,
adverse effects 217-219
erythropoietin 55, 95
deficiency 216
hemoglobin Alc 180-181
hyporesponsiveness 216
ethnicity 30
end-stage renal disease 24
Europe, history of diabetes 4
European Society of
Hypertension, blood
pressure level guidelines
211, 212
exclusion criteria, diabetic
nephropathy 75
exenatide 193, 195, 196
exercise
pregnancy 136
proteinuria 146
exercise ECG, end-stage renal
disease 224
extracellular matrix proteins 46
exudates, retinopathy 154
ezetimibe, SHARP study 108,
109, 110, 223-224

falls 118
familial clustering
diabetic nephropathy 30
retinopathy 158
see also linkage analysis
fasting glucose levels, thresholds
for diagnosis 15
fatty infiltration, pancreas donors
238

femoral neck size, on fracture risk
118
fenofibrate 93, 104, 105
retinopathy and 163
ferritin
guidelines 217
iron deficiency 216
fetuin-A 92
fibric acid derivatives 93, 104,
105
retinopathy and 163
fibrin caps 64
fibrinogen 76
fibrinolysis, deficiency 89
fibroblast growth factor 23 121
fibroblasts, proximal tubules 54,
55
fibrosis, tubulointerstitial 54, 55,
Plate 4.2
filtration slits, electron
microscopy 66
Fioretto, P., reversibility of
nephropathy 7
Fishberg, A.M., quoted 5
fluvastatin see ALERT trial
folic acid 91
pregnancy 134
Food and Drug Administration
hemoglobin target levels 217
on simvastatin 110
foot processes, podocytes 48, 66,
Plate 5.1
forearm fractures, incidence 116
forkhead box O (Foxo4),
acetylation 65
4D study see Die Deutsche
Diabetes Dialyse Study
fractures
epidemiology 116
hemodialysis 120
risk vs bone mineral density
117-118, 122
free fatty acids (FFA) 89
Frerichs, H.T. von (19h century)
4
FRMD3 gene 37
fructosamine 181

fructose-6-phosphate, retinopathy

159

y-carboxylated matrix Gla protein
92
y-carboxylation of osteocalcin,
vitamin K 120
gammopathy 145
GAPDH (glycolytic enzyme) 160
GDH-PQQ system, glucose
monitoring 179
genetics 29-44
genome-wide association studies
33
minor allele frequencies 34,
37-38
definition 38-39
results 36-37
genotyping 34
geography, renal replacement
therapy 21-23
Germany, epidemiology 19, 20,
25
glibenclamide 189-190, 195,
196
glibornuride 195
gliclazide 195, 196
glimepiride 189-190, 195, 196
glipizide 195
end-stage renal disease and 221
gliquidone 190, 195, 196
glomerular filtration rate
children 144, 145
chronic kidney disease staging
147
definition of diabetic
nephropathy 32-33
for diagnosis 74
follow-up 94
formulae for 148
heritability 30
histology vs 46
hyperfiltration 71, 73
kidney donation 239
kidney transplantation 233
natural history 72
pregnancy 130, 134
estimation 131
retinopathy and 156-157
statins on decline 103
glomerular proteinuria, children
145
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glomeruli 46-47, 64, Plate 4.1,
Plate 5.1
glomerulonephritis 146
glomerulosclerosis see
Kimmelstiel-Wilson
nephritis
GLP-1 agents 193, 194, 221
gluconeogenesis 76
glucose, peritoneal dialysis
227
glucose (blood levels)
continuous monitoring
180
end-stage renal disease 220
self-monitoring 179
thresholds for diagnosis 15
glucose-dependent insulinotropic
peptide (GIP) 193-194
glucose oxidase, test strips
179
glucose tolerance, impaired see
prediabetes
glucosidase inhibitors 192-193
glycemic control
on cardiovascular disease
94-95, 104
children 145, 148-149
in diabetic nephropathy
patients 171-185
drug dosages for 186-201
early work 8-9
end-stage renal disease
177-179, 220-222
long-term 180-182
on proteinuria 72-73
retinopathy and 162-163
on risk of diabetic nephropathy
30
glycemic memory effect,
retinopathy 160
glycoprotein IIb-Illa receptor
blockers 87-88
glycosylated albumin 181-182,
220
glycosylated hemoglobin see
hemoglobin Alc
GREACE study 103
Griesinger, W., quoted 4-5
growth factors 46-47, 50-53
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guidelines

Amsterdam Forum, kidney
donation 239-241

blood pressure levels 211, 212

diagnosis of diabetic
nephropathy 73-76

hemoglobin target levels 217

iron supplements 217

on lipid lowering 109-110

see also NKF-K/DOQI guidelines

haplotype association mapping
38
HapMap data set 34
HDL cholesterol, raising 104
heart failure 97
pioglitazone and 192
Heart Protection Study 103
HELLP syndrome 137-138
hematocrit, glucose monitoring
and 179
hematuria 75
kidney donation and 239
hemodialysis
after pregnancy 133
aspirin and 224-225
AURORA study 106-108
blood pressure control 223
bone disorders 219
continuous glucose monitoring
180
early work 6-7
4D study 106
fractures 120
hemoglobin Alc vs mortality
222
iron supplements, guidelines
217
KDOQI guidelines 109
for lactic acidosis 188
before pancreas kidney
transplantation 245
peritoneal dialysis vs 226
statins and 102
vitamin supplementation
91
hemodynamics, of diabetic
nephropathy 46-49,
73

hemoglobin
carbamylation 180
target levels 94, 95, 217
hemoglobin Alc 93-95, 180-181
end-stage renal disease
220-221
epidemiology 16
falls and 118
mortality vs
end-stage renal disease
177-178
hemodialysis 222
preconception 133, 134
pregnancy 132
target levels 187
hemorrhagic stroke
aspirin and 92
AURORA study and 108
hepatocyte growth factor (HGF)
52-53
hepcidin 216
heritability 30
definition 38
‘missing’ 37-38
hexosamine pathway,
retinopathy 159
high density lipoprotein (HDL
cholesterol), raising 104
high-normal blood pressure 148,
150
high-turnover bone disease 121
hip fractures, risk 116, 117, 118
histocompatibility testing 236
histology (renal) 32, 45-46,
62-69, Plate 5.1, Plate 5.2
pancreas transplantation on 7,
72-73, 249
renal grafts 246-247
historical aspects 3-13
insulin 194
pregnancy 130
history taking, pancreas kidney
transplantation 234
HLA haplotypes 236
home blood pressure monitoring
children 148
end-stage renal disease 222
homocysteine (Hcy) 91
Hong Kong, epidemiology 17
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HOT study see Hypertension
Optimal Treatment study
human polyomavirus 1 246
hyaline lesions 64
25-hydroxyvitamin D see vitamin
D
hyperamylasemia, pancreas
donors 238
hyperfiltration 71, 73
hyperglycemia
on bone 119
cardiovascular disease and
88-89
pancreas donors 238
retinopathy 158-159
hyperparathyroidism 121
hyperphosphatemia 219-220
hypertension 91, 93
children 145, 150
defined 148
end-stage renal disease
222-223
kidney donation and 239
pregnancy 134, 135, 136
retinopathy 162
shear stress 162, 163
Hypertension Optimal Treatment
study 210, 211
hypertensive nephropathy 32
hypoglycemia
cardiovascular disease and
88-89
end-stage renal disease 220
falls 118
hemodialysis 180
insulin 194
intensive glycemic control 94
pregnancy 135, 136
sulfonylureas and 190
hypoglycemic agents see oral
hypoglycemic agents
hypoxia 54-55
retinopathy 161

icodextrin 227

1gG, urinary 145

IgM, urinary 76

immunoassay, urine albumin 7
immunofluorescence 65-66

immunohistology 65-66
immunology, pancreas kidney
transplantation 236
immunosuppression 245, 249
incidence, defined 15
incipient nephropathy 71
incretins, therapies based on
193-194
indapamide 93
perindopril with 208
India, ancient 3
induction therapy,
immunosuppression 245
infections
kidney transplantation 240,
246, 247
pancreas transplantation
247-248
inflammationkidney 56, 65,
Plate 5.1
retinopathy 161
insulin 194-197
bone and 118, 120
causes of dosage errors 179
on diabetic nephropathy 172
end-stage renal disease 221
parathyroid hormone and 219
pregnancy 135
insulin-dependent diabetes see
type 1 diabetes
insulin-like growth factor-I 53
on bone 118
insulin receptors
osteoblasts 120
podocytes 76
insulin resistance
cardiovascular disease and 88
end-stage renal disease 220
intensified multifactorial
treatment 172-177
Steno Memorial Hospital trial
10-11
intensive antihypertensive
treatment 210-212
interdialytic ambulatory BP
measurement 222
interleukin-2 receptor antibody,
immunosuppression 245
interleukin-6 76

intravitreal hemorrhages,
retinopathy 155
irbesartan, IRMA-2 trial 207
Irbesartan Diabetic Nephropathy
Trial 206
IRMA-2 trial 207
iron deficiency 216
hemoglobin Alc 180
iron supplements 217
pregnancy 135
Italy, end-stage renal disease 25

JNC guidelines, blood pressure
levels 211, 212

Joslin 50 Year Medalist Study
157

KDIGO committee, on blood
pressure levels 211-212
ketoacidosis, pregnancy 136
kidney damage, defined 146
Kidney Disease Outcomes Quality
Initiative
bone biopsy 123
bone disease treatment
123-124
chronic kidney disease staging
147
guidelines for diagnosis 74
guidelines for lipid lowering
109
kidney transplantation 232-252
bone mineral density 122-123
complications 245-247
diabetic nephropathy in graft
64
pregnancy 133
results 248
without pancreas, technique
242-243
Kimmelstiel, P. 6
Kimmelstiel-Wilson nephritis 32,
63, 64, Plate 5.2

lactic acidosis, metformin and
188

laser photocoagulation see
panretinal laser
photocoagulation
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leaks, drainage of pancreas grafts
248
Ledbetter-Politano procedure,
kidney transplantation
243
leptin
on bone 119, 120
deficiency, db/db mouse model
57
leukostasis, retinopathy 161
Lich-Gregoire procedure, kidney
transplantation 243
lifestyle modification 105
linagliptin 195, 196
linear regression models 34
linear staining 66
linkage analysis 33, 35-36
lipoproteins 87
retinopathy 154
see also low-density
lipoproteins
liraglutide 193, 195, 196
living donors 236-238, 241
results of transplantation 248
logistic regression models 34
losartan
RENAAL Study 206
on albuminuria 207
Renin-Angiotensin System
Study 205
low-density lipoproteins 87, 89
cardiovascular disease risk 102
end-stage renal disease 223
target levels 224
lowering 93
low-turnover bone disease 121
lymphoceles, kidney
transplantation 245
lysosomes, cardiovascular disease
87

macroalbuminuria
diagnosis of 147
see also albuminuria
macrophages, cardiovascular
disease 87
macular edema, diabetic 154,
155, 156, 157, 164
Maimonides 4
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malignant disease
bladder, pioglitazone 192
kidney donation and 240
maltose, on glucose monitoring
179
MARVAL study 207
mast cells
cardiovascular disease 87
diabetic nephropathy 49
matrix Gla protein,
y-carboxylated 92
MCP-1 (chemokine) 56
media (vascular), calcification 91
meglitinides 190-191
end-stage renal disease and 221
mesangial cells (MCs) 46-48, 64,
Plate 4.1
RAGE activation 50
metabolic acidosis 95
pancreas transplantation 248
metabolic control see glycemic
control
metabolic syndrome 71
metabolomics 77
metformin 187-189, 195, 196
on bone 119
methyldopa, pregnancy 132,
134, 135
methyltransferases, glycemic
memory effect 160
microalbuminuria 31, 63, 71-72
children 144, 145
treatment 149
death risk and 87
for diagnosis 74
diagnosis of 147
early work 7-8
pre-eclampsia 137
pregnancy 131, 132
retinopathy and 156
MicroAlbuminuria Reduction
with Valsartan study 207
microaneurysms, retinopathy
154
microglia, retinopathy 161
microvascular disease 97
dyslipidemia 102-103
see also retinopathy
miglitol 192, 195, 196

mindin 76
minor allele frequencies, genome-
wide association studies
35, 37-38
definition 38-39
misclassification, chronic renal
disease 32
‘missing heritability’ 37-38
mitiglinide 191, 195
mitochondria 76-77
mixed uremic osteodystrophy
123
Mogensen, C.E.
early work
albuminuria 8
antihypertensives 9
mortality 95
after fractures 120
hemoglobin Alc vs
end-stage renal disease
177-178
hemodialysis 222
pregnancy 130, 133
retinopathy in prediction
157
mouse models 56-57
energy metabolism and bone
120
genetics and 38
mSin3A (transcriptional
corepressor), retinopathy
159
multifactorial interventions
172-177
cardiovascular disease
103-104
retinopathy 164
see also intensified
multifactorial treatment
multiligand receptor for AGEs
(RAGE) 50, 90
retinopathy 159, 161
mycophenolate mofetil 245
MYH9 locus 37
myocardial infarction 85-86
cholesterol on risk 102
end-stage renal disease 225
sulfonylureas and 190
myofibroblasts 54
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n-3 fatty acids, pregnancy 135
nateglinide 191, 195, 196
natural history 63, 67, 70-81
children 143-144
Naunyn, B., research 5
nephrin 48, 65
nephritis, nephrosis vs, children
146
nephrologists, indications for
involvement, children
147-148
neuropathy
pancreas transplantation on
249
NF-xB (transcription factor) 56
NHS trial, erythropoiesis-
stimulating agents 218
niacin 93
NICE guidelines, blood pressure
levels 211, 212
night dosage, antihypertensives
in hemodialysis patients
223
night-time blood pressure,
pregnancy 132
nisoldipine 204-205
nitric oxide 53-54, 88
NKEF-K/DOQI guidelines
blood pressure target levels,
hemodialysis 222
cardiovascular disease,
end-stage renal disease
225
dyslipidemia 224
hemoglobin target levels 217
iron supplements 217
non-albuminuric diabetic kidney
disease 75
non-insulin-dependent diabetes
see type 2 diabetes
nonselective glomerular
proteinuria 145
Norway, epidemiology 19, 20
nuclear factor kB (transcription
factor) 56
numerators, epidemiology 15
nutrition
children 149
pregnancy 134-135

obesity see adiposity
ob/ob mouse model 57
olmesartan 203-204, 209, 211
omega-3 fatty acids, pregnancy
135
ONTARGET (trial) 208-209
oral contraceptives 131-132,
134
oral hypoglycemic agents
end-stage renal disease 221
intensified treatment studies
174
see also metformin
ORIENT (trial) 209
orthostatic proteinuria 146
osteitis fibrosa 123
osteoblasts, insulin receptors
120
osteocalcin 120
as marker 122
osteoclasts 118-119, 120
osteitis fibrosa 123
osteodystrophy see renal
osteodystrophy
osteogenic differentiation,
vascular smooth muscle
cells 91
osteomalacia 121, 123
osteopenia 117
osteoporosis 116-120
Osterby, R., quantitative
morphology 7
oxidative stress 56, 88, 89
retinopathy 158-159, 162

p27Klpl (cyclin-dependent kinase
inhibitor) 48
pancreas transplantation
232-242, 243-249
complications 247-248
contraindications 234b
donors 238
immunosuppression 245
on nephropathy 7, 72-73, 249
postoperative care 245-248
preoperative management
234-236, 244-245
results 248-249
technique 243-244

pancreatitis
DPP-4 inhibitors on 194
in transplants 247
panel-reactive antibody 236
panretinal laser photocoagulation
164
effect on visual loss incidence
155-156
parainflammation, retinopathy
161
parathyroidectomy 124
parathyroid hormone 121
insulin and 219
treatment monitoring 124
paricalcitol 219
pathophysiology
atherosclerosis 87-88
diabetic nephropathy 45-61,
Plate 4.1, Plate 4.2
renal osteodystrophy 121
pentosidine, on prognosis 157
percutaneous coronary
intervention 96
end-stage renal disease 225
pericytes, retinopathy 159
perinatal mortality 130, 133
perindopril 93
indapamide with 208
peripheral arterial disease 96-97
peritoneal dialysis 226-227
peroxisome proliferator-activated
receptor y (PPAR ),
thiazolidinediones on 119,
191
phenformin 187
phosphate binders 95, 220
phosphorus, target levels
219-220
Pima Indians 35, 37
pioglitazone 191-192, 195, 196
placenta, pre-eclampsia 136
planned pregnancy
counseling 133-134
insulin 135
plaques, atherosclerosis 87
plasmacytoma variant 1 gene
(PVT1 gene) 37
platelet-derived growth factor 52
platelets 89
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podocytes 48, 64-65, Plate 5.1
advanced glycation end
products on 50
electron microscopy 66, Plate
5.1
insulin receptors 76
transforming growth factor-f1
50-51
point prevalence 15
poly-ADP ribose polymerase
(PARP), retinopathy 160,
161
nephropathy and 162
polyol pathway 49
populations for epidemiology 15
substructure 33
portal vein thrombosis, pancreas
transplantation 247
postoperative care, pancreas
kidney transplantation
245-248
prediabetes
epidemiology 20
nephropathy 71
pre-eclampsia 132, 136-138
pregnancy 129-142
management 134-138
preoperative management,
pancreas kidney
transplantation 244-245
preproliferative retinopathy 155
prerenal proteinuria 145
preterm births 132
prevalence, defined 15
primary prevention, diabetic
nephropathy 172-174
Prospective Cardiovascular
Miinster study 102
prospective studies, cross-
sectional studies vs 33
protein arginine
methyltransferase type I
90
protein intake
children 149
pregnancy 134-135
protein kinase C (PKC),
retinopathy 159
protein kinase C-o. 65

262

proteinuria
children 145-146
chronic kidney disease without
31
diabetic macular edema vs
157
kidney donation and 239
natural history 72
pre-eclampsia 137
remission 72-73
statins on 103
see also albuminuria;
microalbuminuria
proximal tubules 48-49
fibroblasts 54, 55
transforming growth factor-f1
51
pseudolinear staining 66, Plate
5.1
psychomotor development,
maternal diabetic
nephropathy 133
puberty 149
pulmonary function, kidney
donation and 241
PVTI gene (plasmacytoma
variant 1 gene) 37

quality of life
anemia treatment 217
pancreas transplantation 249
quantitative morphology 7

RAAS blockade see angiotensin-
converting enzyme
inhibitors; RAS blockade

RAGE (multiligand receptor for
AGEs) 50, 90

retinopathy 159, 161
ramipril, telmisartan with
208-209

ranibizumab, diabetic macular
edema 164

RAS blockade 55, 72, 73,
202-214

hemodialysis patients 223
preventive role 203-206

renin inhibition with 208-210
retinopathy and 163

slowing diabetic nephropathy
206-208
see also angiotensin-converting
enzyme inhibitors
rats 38
reactive oxygen species (ROS)
56
retinopathy 158, 160, 163
red cell survival 216
hemoglobin Alc vs 181
Reduction of End Points in
NIDDM see RENAAL Study
rejection, kidney transplantation
246
remission, proteinuria 72-73
RENAAL Study 206
albuminuria 207
renal artery stenosis,
antihypertensives and
207
renal function
assessment 74
defined 146
renal osteodystrophy 120-124
bisphosphonates 122-123
bone biopsy 123
end-stage renal disease 219
renal proteinuria, children 145
renal replacement therapy
epidemiology 21-23, 25
modalities compared 225-227
‘renal-retinal syndrome’ 153-154
renal transplantation see kidney
transplantation
renin-angiotensin-aldosterone
system 91
see also angiotensin-converting
enzyme inhibitors; RAS
blockade
Renin-Angiotensin System Study
205
renin inhibition 208-210
repaglinide 191, 195, 196
reperfusion syndrome, kidney
transplantation 246
residual risk, on statin therapy
104, 105, 110
resorption markers, bone 122
retinal detachment 155
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retinopathy 74-75, 97, 153-167
diabetic nephropathy and
161-162
DIRECT program 205-206
pathogenesis 158-161
treatment 162-164
risk factors
cardiovascular disease 92
end-stage renal disease 224
management 93-95
diabetic nephropathy 73
children 145
ROADMAP Trial 203-204, 211
rosiglitazone 191
ADOPT (trial) 119-120
rosuvastatin see AURORA study
Rotterdam study 117

salt (dietary) 73
restriction 93, 94
‘salt paradox’ 73
saxagliptin 195, 196
Schmitz, R., quoted 5
Schwartz equation, Chronic
Kidney Disease in Children
study 148
scoring systems, cadaver donors
238
screening
children 144, 146, 147
early work 8
guidelines 74
seasonal variation, albumin-to-
creatinine ratio 74
secondary prevention, diabetic
nephropathy 172, 175-177
selective glomerular proteinuria
145
self-monitoring
blood glucose 179
blood pressure, pregnancy 132
septicemia, cadaver donors 238
SGLT2 (sodium-glucose
cotransporter) 73
Shanghai, epidemiology 17
SHARP study 103, 108, 109, 110,

223-224
shear stress, hypertension 162,
163

SHP-1 (protein tyrosine
phosphatase), retinopathy
159
simultaneous pancreas and
kidney transplantation
(SPK) 233, 248-249
simvastatin, dosage 110
single nucleotide polymorphisms
genome-wide association
studies 34
retinopathy 158
sitagliptin 193, 195, 196
SLC12A3 gene 36-37
slit diaphragms, podocytes 48
small for gestational age
newborns 132, 133
smoking
kidney donation and 241
pregnancy 136
socio-economic groups,
epidemiology 17
sodium
excretion 73
restriction 93, 94
sodium-glucose cotransporters 73
Spain, end-stage renal disease
24-25
spiral arteries, pre-eclampsia 136
staging, chronic kidney disease
147
statins 91, 101-115
dosage 110
end-stage renal disease
223-224
late disease 105-109
retinopathy and 163
STENO-1 study 175
STENO-2 study 103, 175-176
Steno hypothesis 8
Steno Memorial Hospital trial,
intensified multifactorial
treatment 10-11
stenting, ureteroneocystostomy
243
steroids, immunosuppression 245
stone disease, kidney donation
and 240
streptozotocin mouse model
56-57

stroke see cerebrovascular disease
structured treatment, SURE study
176-177
St. Vincent Declaration 130
sudden death 95
hemoglobin Alc vs 178
sulfonylureas 189-190
end-stage renal disease and
221
superoxide, retinopathy 159-160
SURE study 176-177
symmetric dimethylarginine 90

tacrolimus 245, 246
Taiwan, epidemiology 17, 18
tartrate-resistant acid phosphatase
122
telmisartan
enalapril vs 208
ONTARGET (trial) 208-209
teratogenicity
antihypertensives 135
maternal diabetic nephropathy
133
test strips, errors 179
tetracycline, marking, osteitis
fibrosa 123
thallium cardiac scintigraphy
end-stage renal disease 224
thiamine, retinopathy and 162
thiazolidinediones 191-192
on bone 119-120, 219
end-stage renal disease and
221
thrombosis
cardiovascular disease 87
pancreas transplantation 247
thromboxane A, 87
thyroid, DPP-4 inhibitors on
193
Tie-2 (endothelial receptor
tyrosine kinase),
retinopathy 161
TNT study 103, 110
tolbutamide 189-190
trade-off hypothesis,
hyperparathyroidism
121
trandolapril 203

263

a5U9017 s‘.uowwoo aAIIea1D 9|ceat|dde ay) Aq peusenob aJe S9ILe YO ‘85N J0 S9|NJ Joj Aleiq1 SUIIUQO AS|IA UO (SUONIPUOI-PUE-SWB) WD A9 !M'Kmq!BUHU@uu) SUONIPUOD PUe SIS 1 8y} 89S *[9202/20/82] U0 Akeiqiauliuo AB|IM ‘Ireuupuld JO AisieAlun Aq /iopwodAa|im Aselq puluo//sdny wo.j peanumoa



transcriptional corepressors,
retinopathy 159
transferrin saturation
guidelines 217
iron deficiency 216
transforming growth factor-f1
50-51, 53, 54
transitory nephrotic syndrome,
pregnancy 132
transketolase, retinopathy 160
transplantation see kidney
transplantation; pancreas
transplantation
TRAP 5b (tartrate-resistant acid
phosphatase) 122
TREAT trial, erythropoiesis-
stimulating agents
217-219
trends, epidemiology 16, 24,
25-26
triamcinolone, diabetic macular
edema 164
triglycerides 89
microvascular disease
102-103
pregnancy 135
therapies for 104
triose phosphate, retinopathy
159
troglitazone 191
trophoblasts, pre-eclampsia 136
troubled transplants 246
tubular basement membranes
49
tubular cells
protein handling 48-49
RAGE activation 50
transforming growth factor-g1
51
tubular proteinuria 145
tubuloepithelial hypertrophy
49
tubuloglomerular feedback 73
tubulointerstitium
fibrosis 54, 55, Plate 4.2
histology 65, Plate 5.1
Turkey, epidemiology 19, 20
24-hour BP monitoring, children
148

264

type 1 diabetes
children 143, 144
diabetic nephropathy 63,
71-72
antihypertensives on 206
histology 45-46
DIRECT-Renal analysis 205
epidemiology 24
trends 26
glycemic control 172-174
historical aspects 5-6, 9
osteoporosis 117-119
pregnancy 132, 135
retinopathy 155-156
simultaneous pancreas and
kidney transplantation 233
type 2 diabetes
children 144
glycemic control 174-175
natural history of kidney
disease 72
osteoporosis 117-118
retinopathy 156

undiagnosed diabetes 15
United Kingdom, epidemiology
19, 20
United Kingdom Prospective
Diabetes Study
blood pressure levels 211
incidence of chronic kidney
disease 16-17
intensified glycemic control
173, 174
metformin 188
sulfonylureas 190
triglycerides 102-103
United States see USA
unselective glomerular
proteinuria 145
urea (BUN), children 148
ureteroneocystostomy 243
uric acid 73
uridine diphosphate-N-
acetylglucosamine,
retinopathy 159
urinary tract infections
kidney donation and 240
pancreas transplantation 247

urine
albumin excretion rate (UAER),
antihypertensives 205, 207
IgG 145
IgM 76
sampling
children 146, 147
pregnancy 131
see also albuminuria;
microalbuminuria;
proteinuria
urological conditions, pancreas
kidney transplantation and
234
USA, epidemiology 17-20
end-stage renal disease 24, 25

VADT study 173, 174
vascular endothelial dysfunction
49
vascular endothelial growth
factor (VEGF) 50, 51, 53
retinopathy and 161, 162
vascular smooth muscle cells
(VSMC) 87, 88
osteogenic differentiation 91
vascular system
calcification 91-92
renal 65
see also cardiovascular disease;
microvascular disease
venous beading, retinopathy
155
venous drainage, pancreas grafts
244
venous graft thrombosis,
pancreas transplantation
247
verapamil 203
vertebral fractures, incidence
116
Viberti, G.C., early work 7-8
vildagliptin 193, 195, 196
viremia, kidney transplantation
246
vitamin D
deficiency 92, 219
falls and 118
supplementation 220
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vitamin K
deficiency 92
y-carboxylation of osteocalcin
120
vitamin supplementation 91
vitreal hemorrhages, retinopathy
155
voglibose 192, 195

waist circumference 94
website, GFR calculator 148
weight control 93, 94
glycemic control and 95
sulfonylureas and 190
Wisconsin Epidemiological Study
of Diabetic Retinopathy
(WESDR) 155, 156, 157

work-up
nephrological 146
pancreas kidney
transplantation 234-23
244-245
living donors 236-238
wound complications, kidney
transplantation 246

6,
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