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ARRATIVE REVIEW

Glycemic Control in Diabetic CKD Patients: Where Do We Stand?

Csaba P. Kovesdy, MD,1,2 Kumar Sharma, MD,3,4 and Kamyar Kalantar-Zadeh, MD, MPH, PhD5,6,7

Diabetes mellitus (DM) is a leading cause of chronic kidney disease (CKD) and a major source of
morbidity and mortality in patients with established CKD. Loss of kidney function and dialytic therapies
conspire to change glycemic regulation in ways that can both worsen and improve blood glucose
control. Despite the unique nature of DM in patients with CKD, there currently are no specific guidelines
to direct glycemic therapy in these patients. There is benefit of glycemic therapy in preventing such
complications as diabetic kidney disease and mortality in patients with no kidney disease, but such
benefits are largely unproven in patients with advanced CKD. By reviewing the relevant literature, we
argue that glycemic control can still be beneficial in preventing complications, even in dialysis-
dependent patients, but there is need for a much better understanding of the CKD-related characteris-
tics of DM. More research is needed to determine whether uremia-related improvement in glycemic
control can have a beneficial impact. Finally, we are at an important crossroads in the development of
several novel therapeutic agents against diabetic kidney disease. We provide an overview of such
agents and their stage of development.
Am J Kidney Dis 52:766-777. © 2008 by the National Kidney Foundation, Inc.

INDEX WORDS: Chronic kidney disease; diabetes mellitus; therapy; outcomes.
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 iabetes mellitus (DM) represents the most
common cause of chronic kidney disease

CKD) in the United States,1 and patients with
M have a greater rate of morbidity and mortal-

ty.2-6 Glycemic therapy in patients with DM has
een shown to improve outcomes, especially
icrovascular complications in patients without
KD.7,8 Although preventing diabetic kidney
isease clearly is not a goal in patients with CKD
tage 5, many of the other deleterious effects of
yperglycemia might still be averted, even at
uch an advanced stage. However, proving this
oncept is difficult; observational studies exam-
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ning outcomes of glycemic control in dialysis
atients gave conflicting results, and large clini-
al trials of glycemic therapy have not been
onducted in this patient population. Complicat-
ng hypoglycemic therapy in patients with CKD
re physiological changes in glucose and insulin
etabolism and pharmacokinetic changes re-

ated to lower kidney function.
We reviewed the literature on outcomes asso-

iated with hyperglycemia in patients with CKD,
ith special emphasis on methodological difficul-

ies posed by the characteristics of this disease
tate. We describe the challenges encountered in
herapy for hyperglycemia in patients with CKD
nd provide suggestions for clinical practice and
uture research.

SIGNIFICANCE OF DM IN CKD

There are currently about 400,000 Americans
n dialysis therapy.1 According to some esti-
ates, the number of patients with CKD stage 5
ill reach one half million by 2010 and may

xceed one million by 2018.9 These individuals
xperience low quality of life, high hospitaliza-
ion rates, and increased mortality.1

DM is the leading cause of CKD in the United
tates and most industrialized nations. The pro-
ortion of CKD patients with DM in the United
tates has increased from less than 30% in the

ate 1980s to almost 50% in 2004.1,10 Although

he annual incidence of DM has shown less

idney Diseases, Vol 52, No 4 (October), 2008: pp 766-777
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Glycemic Control in CKD 767
rowth recently,11 both glomerulonephritis and
ypertensive renal disease rank below DM in the
requency of diagnosis in new dialysis patients,1

nd the cost of diabetic kidney disease is esti-
ated to be greater than $15 billion annually in

he United States.12 Despite the greater incidence
f comorbidities and poorer outcomes in dialysis
atients with DM,1-4 it is not clear whether
edical management of DM has a significant

earing on their clinical outcomes.13

IMPACT OF CKD PROGRESSION ON THE
NATURAL HISTORY OF DM

Abnormal glycemic control is a known compli-
ation in patients with advanced CKD.14 Even
ndividuals without DM with CKD can show
ild fasting hyperglycemia and abnormal glu-

ose tolerance, suggesting that the uremic state
lters glucose homeostasis.15 However, decreas-
ng insulin requirements and even spontaneous
ypoglycemia also occur in patients with estab-
Figure 1. Mechanisms of action responsible for the dysregula
hronic kidney disease. Abbreviations: PD, peritoneal dialysis; HD
ished DM with advancing stages of CKD.15,16

he reason for the abnormal glucose homeosta-
is in patients with CKD is postulated to be
ultifactorial and inherent to this disease state

Fig 1).

remia-AssociatedChanges in Insulin and
lucoseMetabolism

Renal insulin clearance decreases as glomer-
lar filtration rate (GFR) decreases to less than
5 to 20 mL/min/1.73 m2 (to convert GFR to
L/s/1.73 m2, multiply by 0.01667).15 Hepatic

learance of insulin is also decreased in pa-
ients with uremia, but may improve after the
nitiation of dialysis therapy.15 Opposing the
ffects of decreased insulin clearance are lower
nsulin production and increased insulin resis-
ance. The reason for the decreased insulin
ecretion in patients with CKD is unclear, but
t may be related to hyperparathyroidism and
ctivated vitamin D deficiency, suggested by
tion of glycemic control observed with advancing stages of
, hemodialysis.



fi
t
t
o
p
c
p
t

i
s
s
d
i
b
c
d
t
t
n
c
c
a
s
e

l
e
g
a

r
a
o
u
c
b
o

D
G

h
o
s
c
s
b

t
P
n
s
r
a
e
i
p
t
r
t

H

F

G

Kovesdy, Sharma, and Kalantar-Zadeh768
ndings that insulin secretion improves after
reatment of hyperparathyroidism and adminis-
ration of activated vitamin D.17-21 The effect
f the latter intervention is independent of its
arathyroid hormone–lowering effect21 and
ould be one of the explanations for the im-
roved outcomes associated with these medica-
ions.22,23

The mechanism of increased insulin resistance
n patients with CKD also is not fully under-
tood. The role of a uremic toxin is supported by
tudies showing improved insulin sensitivity with
ialysis.24-28 The exact site of insulin resistance
n patients with CKD also is unclear, but it may
e muscle tissue.29,30 Insulin resistance and defi-
iency are associated with muscle protein break-
own in dialysis patients, a process mediated
hrough the ubiquitin-proteasome pathway31,32

hrough suppression of phosphatidylinositol-3 ki-
ase.33,34 Insulin resistance and deficiency may
onspire with other known acute and chronic
onditions to engender a state of malnutrition
nd could contribute to the worsened outcomes
een in dialysis patients with DM beyond their
ffects related to known diabetic complications.

The complex changes caused by altered insu-
in metabolism are complicated further by the
ffect of diminished kidney function on renal
luconeogenesis.35 Deficient gluconeogenesis,
long with malnutrition, deficient catecholamine

Table 1. Diagnostic Tests to Assess Integrated

Diagnostic Test
Glycemic Control

Period Conditions Affecting

emoglobin A1c 2-3 mo Hemoglobinopathie
shortened erythro

ructosamine 2-3 wk Proteinuria, dysprot
malnutrition, thyro
abnormalities, live
pregnancy, steroi

lycated albumin 2 wk Proteinuria, dysprot
malnutrition, thyro
abnormalities, live
pregnancy, steroi
elease, and impaired renal insulin degradation
nd clearance, can contribute to a lower thresh-
ld for clinical hypoglycemia.16 It currently is
nknown what the long-term impact of these
hanges is in patients with CKD and whether the
etter glycemic control that might result in some
f these patients could be beneficial.

ialysis Therapy andNon-Nutritional
lucoseAbsorption

Some of the alterations in insulin metabolism
ave been linked to uremic toxins, and initiation
f dialysis therapy was shown to improve insulin
ensitivity and glucose tolerance.24-27 A study
omparing hemodialysis and peritoneal dialysis
uggested that the latter is superior in achieving
etter insulin sensitivity.36

Further complicating the effect of dialysis is
he glucose load provided by both modalities.
eritoneal dialysis especially can result in sig-
ificantly greater glucose intake from dialy-
ate, particularly if greater concentrations are
equired to achieve ultrafiltration goals. The total
mount of caloric intake from this source is
stimated to be 10% to 30% of total energy
ntake,37 yet the total nutritional intake of these
atients is often less than ideal.38 The reason for
his discrepancy could be a loss of appetite
elated to continuous glucose absorption39-41 and
he mechanical effects of large filling volumes.42

ose Control in Patients With Diabetes Mellitus

tation Advantages Disadvantages

ses of
e span

Used in major trials that
determined
thresholds of
glycemic control.
Routine testing
available in most
clinical laboratories

No information about
short-term glucose
control

as,

se,
py

Unaffected by disease
states affecting
hemoglobin

Reference levels
lacking

Testing not offered
routinely by most
clinical
laboratories

as,

se,
py

Unaffected by disease
states affecting
hemoglobin

Reference levels
lacking

Testing not offered
routinely by most
clinical
Gluc

Interpre

s, disea
cyte lif

einemi
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r disea
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einemi
id
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Glycemic Control in CKD 769
lucose absorbed during dialysis could at the
ame time decrease patients’ energy expendi-
ures,43 limit amino acid losses, and stimulate
nsulin secretion.44

MEASURES OF GLUCOSE CONTROL:
DIFFICULTIES AND CAVEATS IN CKD

Glucose homeostasis is altered significantly in
atients with CKD, making glucose control a
ifficult task. Glycated hemoglobin (expressed
s percentage of total hemoglobin) is used as an
ndicator of integrated glucose control because it
s a reliable marker of fasting, postprandial, and
andom blood glucose levels in patients with
ormal kidney function (Table 1).45 Glycated
emoglobin is formed by the nonenzymatic reac-
ion between glucose and the N-terminal amino
roup on the beta chain of hemoglobin.46 Four
ifferent fractions of glycated hemoglobin can
e detected by means of cation exchange chroma-
ography (hemoglobin A1a1 [HbA1a1], HbA1a2,
bA1b, and HbA1c).

45 The current standard thera-
eutic targets for glycemic control are set based
n outcomes associated with certain HbA1c lev-
ls in populations with normal kidney func-
ion.8,47

Glycated hemoglobin levels can be affected
y several factors that are CKD specific. In-
reased blood urea nitrogen levels can cause
he formation of carbamylated hemoglobin,
hich cannot be distinguished from glycated
emoglobin by using electrical charge–based
ssays.48 It has been estimated that an increase
n time-averaged blood urea nitrogen concen-
ration from 10 to 70 mg/dL (to convert blood
rea nitrogen to mmol/L, multiply by 0.357)
ill result in an increase in glycated hemoglo-
in of 1.26%. This effect is much smaller
ompared with the impact of an increase in
lood glucose concentration of similar propor-
ion.49 Overestimation of glycated hemoglobin
an be overcome by using assays that do not
epend on electrical charge50-53 or assays spe-
ific for HbA1c, which are less prone to inter-
erence from carbamylated hemoglobin.48

ther factors implicated in causing a falsely
ncreased level of glycated hemoglobin in pa-
ients with uremia include metabolic acido-
is54 and uremia-related increased glycosyla-

ion rate,55 but none of these was subsequently w
roved to be significant.56,57 Factors associ-
ted with a potential decrease in glycated hemo-
lobin levels in patients with uremia include a
hortened life span of red blood cells and
lood transfusions. However, the life span of
ed blood cells is close to normal in well-
ialyzed patients, and routine blood transfu-
ions are rarely needed nowadays.

Based on these considerations, glycated he-
oglobin appears to be a reasonable measure

f integrated glucose control in patients with
KD, although its overestimation is possible
hen using charge-dependent chromatography

ssays.45 Other potential measures of long-
erm glucose control in patients with uremia
re glycated fructosamine and albumin.58,59

lycated albumin better correlated with plasma
lucose levels compared with HbA1c in 538
ialysis patients in Japan.59 HbA1c was associ-
ted with the weekly administered dose of
rythropoietin in this study, suggesting that the
reater proportion of young erythrocytes found
n the circulation of patients treated with eryth-
opoietin could lead to underestimation of gly-
emic control by using HbA1c level.59 Use of
hese latter markers is hampered by their lack
f availability in routine practice and the lack
f established reference levels. Furthermore,
oth are affected by conditions that alter pro-
ein metabolism, which are frequently present
n patients with CKD (Table 1).58,60,61

OUTCOMES ASSOCIATEDWITH
HYPERGLYCEMIA IN CKD

evelopment andProgressionofDiabetic
idneyDisease

The impact of glycemic control on the devel-
pment and progression of diabetic kidney dis-
ase has received substantial attention in the
eneral population and in patients with early
tages of diabetic kidney disease. Blood glucose
ontrol was found to decrease the incidence of
ew-onset microalbuminuria in retrospective62,63

nd prospective studies7,8 of patients with DM.
rogression of established diabetic kidney disease
defined both as worsening of albuminuria7,8,64,65

nd progressive decrease in GFR66-69) can also be
etarded through strict glycemic control, al-
hough results of studies assessing this outcome

ere not uniform.70,71 The reason for the discrep-
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Kovesdy, Sharma, and Kalantar-Zadeh770
ncy could be the multifactorial nature of DM or
he long time needed for better glucose control to
ersist before its beneficial impact materializes.
esults of the Diabetes Control and Complica-

ions Trial (DCCT) suggest that at least 3 years
f strict glycemic control are needed for the renal
enefits to become significant.7 Interestingly, ben-
fits that become apparent after this seem to be
ersistent even if glycemic control worsens sub-
equently.47 In a study of patients with estab-
ished diabetic kidney disease (presence of albumin-
ria, but normal GFR) who underwent pancreas
ransplantation, gradual resolution in histological
hanges of diabetic kidney disease was detected on
idney biopsy, but only after 5 years of normogly-
emia.72 The benefit of glucose control on progres-
ion in patients with diabetic kidney disease who
ave advanced (stage � 3) CKD is unclear.

ortality andMorbidity

Studies performed in patients with early dia-
etic kidney disease in the 1970s and 1980s
ndicated that death occurred about 5 to 7 years
fter the development of proteinuria.73-75 Be-
ause these studies were conducted in an era
hen many of the current therapeutic interven-

ions were not yet prevalent, subsequent improve-
ents in the described outcomes were attributed

o overall better medical care,76 but without
learly indicating which aspect of this care was
esponsible for the better outcomes. The impact
f glucose control on mortality in patients with
ype 1 DM, normal serum creatinine level, and
ariable degrees of albuminuria was examined in
39 patients followed up for 10 years. This study
ound that greater HbA1c concentration was asso-
iated with greater mortality.77 The incidence of
ardiovascular disease in patients with type 1
M and early diabetic kidney disease was stud-

ed in the DCCT/Epidemiology of Diabetes Inter-
entions and Complications Study, in which in-
ensive insulin therapy proved to decrease the
rogression of carotid intima-media thickness78

nd coronary artery calcification79 and improve
ardiovascular survival.80 In the United King-
om Prospective Diabetes Study (UKPDS), strict
lycemic control resulted in a trend toward lower
ardiovascular events in patients with type 2
M.8 The Steno-2 Study examined multiple risk

actor modification in patients with type 2 DM

including intensive treatment of hyperglycemia) i
nd showed a 50% decrease in cardiovascular
vents,81 lower mortality, and progression of
KD.82

The effect of glucose control on outcomes in
atients with advanced CKD is less well studied.
reater mortality was associated with greater
bA1c levels in the Modification of Diet in Renal
isease (MDRD) Study.83 Although conceptu-

lly interesting, results of this study are difficult
o extrapolate to the general CKD population
ecause MDRD Study participants were mostly
ondiabetic and the mortality rate seen in that
tudy was much less than that reported in nonse-
ect CKD populations.84,85 The association of
bA1c level with all-cause mortality was exam-

ned in 519 male US veterans with CKD stages 3
nd 4.86 This study found an inverse association
etween HbA1c level and mortality, but signifi-
ant interactions with blood Hb and serum albu-
in concentrations indicate that this association
ay not be causal and invites further studies.
he benefit of glycemic therapy in patients with
KD was corroborated in a post hoc analysis of a

arge clinical trial in which treatment with piogli-
azone in patients with an estimated GFR less
han 60 mL/min/1.73 m2 resulted in a lower
ncidence of cardiovascular events.87 It is un-
lear whether the benefit of therapy was related
o glucose-lowering effects of pioglitazone or a
echanism independent of insulin-sensitization,

uch as an anti-inflammatory effect.88 However,
he role of peroxisome proliferator activated re-
eptor agonists in patients with DM with CKD
emains controversial because fluid retention is a
ignificant complication.

Outcomes associated with glycemic control are
etter studied in dialysis patients (Table 2).86,89-95

xcept for 1 nonrandomized trial,91 these studies
re also observational. All except 1 study93 had
mall sample sizes and 3 studies89,90,92 examined
xclusively Asian patients. A recent large study of
4,875 dialysis patients93 found no association be-
ween HbA1c level and survival at 12 months. The
ack of survival association in this study could have
een caused by the short duration of follow-up and
ther method limitations, including inadequate con-
rolling for malnutrition, inflammation, and ane-
ia. This was suggested by a recent study that

xamined 23,618 dialysis patients with DM that
lso found a paradoxically lower unadjusted mortal-

ty associated with greater HbA1c levels. However,



Table 2. Studies of the Association of Glycemic Control With Survival in Patients With DM With CKD

Reference Type of Study Patients and Background
Duration of Follow-

Up Results

Rossing et al,77 1996 Observational 939 patients with type 1 DM, albuminuria,
and normal creatinine

10 y Death HR with 1% higher HbA1c, 1.11 (95% CI,
1.03-1.20)

Menon et al,83 2005 Observational 768 patients without DM with moderate
and advanced CKD

125 mo All-cause death HR with 1% higher HbA1c, 1.73
(95% CI, 1.24-2.41)

CV death HR with 1% higher HbA1c, 1.53 (95%
CI, 0.96-2.43)

Kovesdy et al,86 2007 Observational 519 men with DM with moderate and
advanced CKD

2.7 y All-cause death HR with HbA1c � 6.5, 1.45
(95% CI, 1.01-2.08)

Tzamaloukas et al,95 1993 Observational 226 patients with DM on long-term
dialysis

Unknown Better survival in patients with good diabetic
control

Tzamaloukas et al,94 1993 Observational 110 diabetic patients on CAPD Unknown Better survival in patients with good diabetic
control

Wu et al,89 1997 Observational 137 Taiwanese long-term HD patients
with type2 DM

1- to 5-y survival Death HR, 0.37 with HbA1c � 10 compared
with poor glycemic group

Morioka et al,90 2001 Observational 150 Japanese incident long-term HD
patients

2.7 y Death HR, 1.13% with HbA1c � 7.5

McMurray et al,91 2002 Non-randomized trial 83 US dialysis patients 1 y HbA1c2 & QoL1 after intervention, but no
survival benefit

Oomichi et al,92 2006 Observational 114 Japanese long-term HD patients 45.5 mo Death HR, 2.89 with HbA1c � 8 compared with
� 6.5

Williams et al,93 2006 Observational 24,875 US long-term HD patients
(Fresenius)

1 y No difference in survival across HbA1c

increments
Kalantar-Zadeh et al,96 2007 Observational 26,187 US long-term HD patients

(DaVita)
3 y Incremental increase in death risk across

HbA1c increments
Schneider et al,87 2008 Post hoc analysis of

randomized
controlled trial

597 patients with eGFR � 60 mL/min/
1.73 m2

34.5 mo Lower incidence of composite outcome of CV
events in patients treated with pioglitazone

Note: To convert GFR in mL/min/1.73 m2 to to mL/s/1.73 m2, multiply by 0.01667.
Abbreviations: DM, diabetes mellitus; CKD, chronic kidney disease; HD, hemodialysis; HR, hazard ratio; CI, confidence interval; CV, cardiovascular; QoL, quality of life;

CAPD, continuous ambulatory peritoneal dialysis; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c.
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Kovesdy, Sharma, and Kalantar-Zadeh772
fter adjusting for markers of malnutrition and
nflammation, greater HbA1c levels became associ-
ted with greater mortality (Fig 2).96 The results of
his study indicate that in dialysis patients with
M, competing risk factors related to malnutrition,
asting, and anemia may confound the association
etween glycemic control and survival.

These pitfalls can be overcome by using more
ophisticated analytical methods in observa-
ional studies or by randomized controlled trials.
nfortunately, only a single interventional study

xamined clinical outcomes in 83 dialysis pa-
ients undergoing intensive diabetes-related inter-
ention compared with standard care.91 Patients
n the intensive intervention arm experienced
mproved quality of life and a decrease in need
or amputations and hospitalizations.91 Larger
linical trials are needed to conclusively prove
he concept that better glycemic control is benefi-
ial in patients with advanced CKD and establish
hat an ideal blood glucose level should be in

hese patients.

THERAPY FOR DM IN PATIENTS WITH CKD

The complex changes in glucose and insulin
omeostasis in patients with CKD make glyce-

Figure 2. All-cause mortality associated with various
emoglobin A1c (HbA1c) levels in 23,618 patients with
iabetes receiving maintenance hemodialysis. Associa-
ions were examined in unadjusted Cox models and after
djustment for case-mix characteristics (age, sex, race/
thnicity, preexisting comorbid states, tobacco smoking,
ialysis vintage, primary insurance, marital status, standard-

zed mortality ratio, dialysis dose, dialysis catheter, and
esidual renal function) and 11 laboratory variables of
utrition and inflammation. Abbreviation: MICS, malnutri-
ion, inflammation, cachexia syndrome. Based on data
rom Kalantar-Zadeh et al.96
ic therapy in these patients more complicated. a
lycemic control could worsen as a result of
ecreased insulin production and insulin sensitiv-
ty and the glucose load of dialysis, but could
lso improve as a result of longer insulin half-
ife, dialytic clearance of uremic toxins, or com-
lex interactions with morbid conditions (such as
epsis, malnutrition, liver disease, and conges-
ive heart failure) that could even lead to hypogly-
emia.16 Therapeutic interventions are made even
ore complicated by pharmacokinetic alter-

tions caused by lower kidney function. The
edications used to treat patients with DM can

e affected to various extents in patients with
KD. A recent review discussed in detail CKD-

pecific considerations for the various currently
vailable glycemic therapies.97

herapeutic Targets ofGlycemic Control

The currently applied therapeutic targets of gly-
emic control are based on trials performed in
atients with DM with normal kidney function.8,47

t was suggested that the risk of microalbuminuria
ncreased only at a threshold HbA1c level greater
han 8.1%98; however, this finding was at odds with
ndings from the DCCT, in which the risk of
icrovascular complications decreased continu-

usly, even with HbA1c levels less than this thresh-
ld.99 However, lower achieved HbA1c levels in
he DCCT came at the expense of significantly
igher hypoglycemic episodes.47 Realizing the
radeoff between tighter glucose control and the
reater incidence of treatment-related complica-
ions and the long time required for the better
lycemic control to exert its benefits, the current
merican Diabetes Association clinical practice

ecommendations allow for less strict glycemic
ontrol (without a specific level mentioned) in
atients with shorter life expectancy (a description
hat would fit the average patient with CKD).100 To
omplicate matters further, a major trial designed to
est the hypothesis that control of blood glucose to
ear-normal levels decreases cardiovascular events
n high-risk patients with DM101 stopped its inten-
ive treatment arm after finding an increased risk of
eath compared with the conventional treatment
trategy. The lack of CKD-specific data makes it
ifficult to recommend glycemic targets for this
atient population, but the aforementioned consid-
rations should prompt a cautious and individual-
zed treatment plan, rather than a 1-size-fits-all

pproach.
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Glycemic Control in CKD 773
ovel Treatments ofDiabetic KidneyDisease

Despite the importance of diabetic kidney dis-
ase in driving the worldwide epidemic of CKD,1

urrent therapeutic interventions directed against
his entity are limited to control of blood glucose
evels and blood pressure and use of angiotensin-
onverting enzyme inhibitors and angiotensin
eceptor blockers. Specific pharmacological
gents for the treatment of patients with estab-
ished diabetic kidney disease are not available
or clinical use, but several new agents are stud-
ed in clinical trials (Table 3).102 Glycosaminogly-
ans can restore glycoproteins in the glomerular
asement membrane through a complex mecha-
ism of action.103 Treatment with the oral glycos-
minoglycan sulodexide has resulted in consis-
ent decreases in albuminuria in phase I and II
linical trials,104 and phase III and IV clinical
rials with this agent have begun (Clinical Trials.
ov identifiers: NCT00130312, NCT00130208,
CT00342238, and NCT00462202).
A second alternative therapy for patients with

iabetic kidney disease involves blockade of
rotein kinase C,105 high expression of which
as been implicated in tissue damage in this
ondition.106 Early trials of the protein kinase C
nhibitor ruboxistaurin in the treatment of pa-
ients with diabetic kidney disease,107 diabetic
etinopathy,108 and diabetic neuropathy109 have
hown mixed efficacy results. Phase III clinical
rials of this agent are awaited. A third potential
venue in the treatment of patients with diabetic
omplications involves blocking the nonenzy-
atic formation of advanced glycation end prod-

Table 3. Potential Future Medications f

Agent Mechanism of Ac

ulodexide Restores glycoproteins in the
basement membrane

uboxistaurin Protein kinase C inhibitor
yridoxamine Blocks advance glycation
enofibrate Suppression of plasminogen a

and tumor growth factor �1
PP301 (avosentan) Endothelin receptor antagonis

irfenidone Antifibrotic agent

L784 Metalloproteinase inhibitor
cts.110-112 Pyridoxamine is an advanced glyca- r
ion end product inhibitor with a complex
echanism of action.113 Early clinical trials of

yridoxamine in patients with diabetic kidney
isease have shown promising results in retard-
ng the decrease in kidney function, but without
n effect on albuminuria.114 Further evaluation
f this agent in phase III clinical trials is needed.
Other agents have also been studied in patients

ith diabetic kidney disease, albeit to a lesser
xtent. The cholesterol-lowering drug fenofi-
rate has shown renoprotective effects through
uppression of plasminogen activator inhibitor 1
nd transforming growth factor �1 in rats.115

uman trials have not yet been performed.
eutralizing transforming growth factor �1

ntibodies has been shown by Sharma et al116

o prevent early116 and late changes117 of DM
nd the prospects for human trials in the future
ppear promising.118 The oral endothelin antag-
nist SPP301 (avosentan) effectively decreased
rinary albumin excretion in a phase II clinical
rial,119 but a large phase III clinical trial
xamining its safety and efficacy (Clinical
rials.gov identifier: NCT00120328) was ter-
inated early because of safety concerns.

irfenidone is a promising oral antifibrotic agent120

hat effectively decreases glomerulosclerosis and
nterstitial fibrosis in animal models121 and cur-
ently is being studied in an open label trial for
ocal segmental glomerulosclerosis and an explor-
tory trial for diabetic nephropathy (ClinicalTrials-
gov identifiers: NCT00063583 and NCT00105391).
inally, the oral metalloproteinase inhibitor
L784 is undergoing evaluation for efficacy in

Treatment of Diabetic Kidney Disease

Stage of Development

ular Phase I and II clinical trials completed,
phase III and IV trials under way

Completed phase I and II clinical trials
Completed phase I and II clinical trials

r inhibitor 1 No human studies yet

Completed phase I and II clinical
trials; phase III trial terminated

Open label trial for focal segmental
glomerulosclerosis and exploratory
trial for diabetic nephropathy in
progress

Phase II clinical trial in progress
or the

tion

glomer

ctivato

t

educing albuminuria in patients with type 1 or 2

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://Clinical Trials.gov
http://Clinical Trials.gov
http://Clinical Trials.gov
http://Clinical Trials.gov
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M and GFR greater than 40 mL/min/1.73 m2 in
phase II clinical trial (ClinicalTrials.gov identi-
er: NCT00312780).

CONCLUSIONS

DM represents an important comorbidity in pa-
ients with CKD. Although in some hemodialysis
atients with DM, glycemic control may improve
pontaneously with the loss of residual renal func-
ion or weight loss, treatment of hyperglycemia
ould be beneficial in improving outcomes in the
ntire CKD patient population. Glycemic control
etards progression of diabetic kidney disease in its
arly stages. It is possible that mortality could be
ecreased by glycemic control in patients with
KD; there is still uncertainty about this because of

he lack of randomized controlled trials and the
ometimes contradictory results of observational
tudies. Insulin resistance and deficiency could
epresent a distinct therapeutic target in patients
ith CKD given their effects not only on hypergly-

emia, but also on uremic malnutrition. Finally,
here is hope that therapeutic agents directed against
he specific pathophysiological process of diabetic
idney disease will become available in the near
uture.

Glycated hemoglobin still represents the best
vailable monitoring tool. Treatment of hypergly-
emia in patients with CKD has to take into
ccount the complex changes in glucose and
nsulin metabolism and the pharmacokinetic
hanges of many hypoglycemic medications and
he specific aspects of the type of renal replace-
ent therapy administered in patients with CKD

tage 5. Careful monitoring and individualized
herapy are recommended to achieve good glyce-
ic control and minimize the occurrence of

ypoglycemic episodes.
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