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Diabetes and the Kidney
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DIABETES

efinitions

● Metabolic disorder of multiple causes char-
acterized by chronic hyperglycemia and
disorders of carbohydrate, fat, and protein
metabolism

● Results from defects in insulin secretion
(type 1), insulin action (type 2), or combina-
tion of these factors

● World Health Organization and American
Diabetes Association diagnostic criteria:
� Fasting plasma glucose �126 mg/dL

(�7.0 mmol/L) or fasting whole-blood
glucose level �110 mg/dL (�6.1 mmol/
L), or a

� 2-hour post–glucose-load plasma glu-
cose �200 mg/dL (�11.1 mmol/L; 180
mg/dL [10.0 mmol/L] if whole blood),
or a

� Random plasma glucose �200 mg/dL
(�11.1 mmol/L) on �1 occasion

� “Prediabetic” stage: fasting plasma glu-
cose between 100 and 126 mg/dL (5.6 and
7.0 mmol/L) increasingly recognized as
risk factor for end-organ complications;
evidence supports lifestyle interventions to
prevent or delay onset of diabetes

ncidence

● 18.2 million people in United States have
diabetes (National Health and Nutrition
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Examination Survey 1999 to 2000), and up
to one third of these cases are undiagnosed

● Approximately 1 in 400 to 500 children and
adolescents have type 1 diabetes

● With increases in obesity rates in adoles-
cents, type 2 diabetes becoming common,
especially in minority groups

● 8.7% of adults have diabetes; rate increases
to 18% of adults aged �60 years

● By 2030, anticipate 366 million cases of
type 2 diabetes worldwide and 30 million
US cases

isk Factors for Development

ype 1 diabetes

● Defined by autoimmunity; autoantigens in-
clude islet-cell proteins, glutamic acid decar-
boxylase, insulin, and proinsulin

● Viral infections may initiate a poorly under-
stood immune response, which induces
�-cell damage

● Genetics/family history:
� Lifetime risk for 1 monozygotic twin is

20% to 30% if the other has diabetes
� 18 different risk alleles have been

identified

ype 2 diabetes

● Environment:
� Most patients are overweight or obese,

suggesting role for environmental fac-
tors, especially “Westernization” of diet
with highly processed foods high in fat
and simple sugars

● Genetics/family history:
� High degrees of concordance within fami-

lies and between twins
� Single gene mutations have been identi-

fied for multiple mature-onset diabetes
of the young (MODY) phenotypes

ADDITIONAL READING

1. Diabetes Prevention Program Research Group: Reduc-
ion in the incidence of type 2 diabetes with lifestyle

ntervention or metformin. N Engl J Med 346:393-403, 2002

idney Diseases, Vol 46, No 4 (October), 2005: pp 766-773
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2. Wild S, Roglic G, Green A, Sicree R, King H: Global
revalence of diabetes: Estimates for the year 2000 and
rojections for 2030. Diabetes Care 27:1047-1053, 2004
3. Field LL: Genetic linkage and association studies of

ype I diabetes: Challenges and rewards. Diabetologia
5:21-35, 2002

DIABETIC NEPHROPATHY (DN): GENERAL

efinition

● Progressive decline in glomerular filtration
rate (GFR) in context of long-standing
diabetes, usually accompanied by nephrotic-
range proteinuria and other end-organ com-
plications, such as retinopathy

tages

● Normoalbuminuria with elevated GFR
(within 5 to 10 years):
� Usually associated with glomerular and

tubular hypertrophy and enlarged kid-
neys on ultrasound evaluation

� Hyperfiltration may be maladaptive
● Microalbuminuria/incipient diabetic ne-

phropathy (within 5 to 15 years):
� Defined as 30 to 300 mg albumin/g

creatinine
� May be measured quantitatively or semi-

quantitatively with dipsticks
● Macroalbuminuria/overt proteinuria (10 to

20 years):
� Defined as �300 mg albumin/g creati-

nine
● Decline in GFR (15 to 25 years)
● End-stage renal disease (ESRD) within 5

years of developing nephrotic-range pro-
teinuria

pidemiology

● DN remains leading cause of ESRD in
United States:
� In 2002, 45% of incident ESRD due to

DN, resulting from increased prevalence
of type 2 diabetes

� 41% of prevalent ESRD from DN
● Incidence of DN in type 1 diabetic patients

has been declining, which may be related to
early and aggressive control of blood glu-
cose and blood pressure

● Incidence of diabetic nephropathy from

type 2 diabetes is variable, but probably
increasing due to increased rates of obesity,
metabolic syndrome, and type 2 diabetes

ADDITIONAL READING

1. Mogensen CE, Christensen CK, Vittinghus E: The
tages in diabetic renal disease. With emphasis on the stage
f incipient diabetic nephropathy. Diabetes 32:S64-S78,
983 (suppl 2)
2. Nelson RG, Bennett PH, Beck GJ, et al: Development

nd progression of renal disease in Pima Indians with
on-insulin-dependent diabetes mellitus. Diabetic Renal
isease Study Group. N Engl J Med 335:1636-1642, 1996
3. US Renal Data System: USRDS 2004 Annual Data

eport. Am J Kidney Dis 45:S8-S280, 2005 (suppl 1)
4. Hovind P, Tarnow L, Rossing P, et al: Predictors for the

evelopment of microalbuminuria and macroalbuminuria in
atients with type 1 diabetes: Inception cohort study. BMJ
28:1105-1109, 2004
5. Hovind P, Tarnow L, Rossing K, et al: Decreasing

ncidence of severe diabetic microangiopathy in type 1
iabetes. Diabetes Care 26:1258-1264, 2003
6. Bennett PH, Lee ET, Lu M, Keen H, Fuller JH:

ncreased urinary albumin excretion and its associations in
he WHO Multinational Study of Vascular Disease in
iabetes. Diabetologia 44:S37-S45, 2001 (suppl 2)
7. Hsu CY, Vittinghoff E, Lin F, Shlipak MG: The

ncidence of end-stage renal disease is increasing faster than
he prevalence of chronic renal insufficiency. Ann Intern

ed 141:95-101, 2004
8. Xue JL, Ma JZ, Louis TA, Collins AJ: Forecast of the

umber of patients with end-stage renal disease in the
nited States to the year 2010. J Am Soc Nephrol 12:2753-
758, 2001

DN PATHOLOGY

eneral

● Diabetic kidneys generally increased in size
(between 10% and 30% above age-, sex-,
and race-matched controls) on ultrasound
and gross pathologic evaluation due to
glomerular and tubular hypertrophy, rather
than hyperplasia

ndications for Biopsy

● Accelerated disease kinetics compared with
earlier description in “Diabetic Nephropa-
thy: General” section

● Absence of extrarenal end-organ damage
● Concomitant nondiabetic lesions are rare,

although higher incidences have been re-
ported in selected populations characterized

by atypical clinical presentations
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lomerular

● Glomerular basement membrane thicken-
ing:
� May occur as early as 2 years after

diabetes diagnosis
� Irregular by electron microscopy, usually

no glomerular basement membrane de-
posits

� Subendothelial “hyaline caps” associated
with progressive glomerular disease

● Podocyte numbers may decrease, with indi-
vidual podocyte foot processes broadening
to cover expanded surface area

● Mesangial matrix expansion (diffuse dia-
betic glomerulosclerosis) is most common
lesion; hyalinization of parietal surface of
Bowman capsule (capsular drop lesions)
seen less commonly

● Kimmelstiel-Wilson nodules (nodular dia-
betic glomerulosclerosis): eosinophilic, at
glomerular periphery

● Arteriolar hyalinosis; involves afferent and
efferent arterioles, efferent hyalinization is
relatively specific for DN

ubulointerstitial

● Early cellular component, with tubular hy-
pertrophy and decrease in ratio of capillar-
ies to tubules

● Tubulointerstitial lesions (interstitial fibro-
sis and tubular atrophy) have been de-
scribed, which correlates with degree of
renal dysfunction and, by extrapolation,
progression to ESRD

ADDITIONAL READING
1. Schwartz MM, Lewis EJ, Leonard-Martin T, Lewis JB,

atlle D: Renal pathology patterns in type II diabetes
ellitus: Relationship with retinopathy. The Collaborative
tudy Group. Nephrol Dial Transplant 13:2547-2552, 1998
2. Olsen S, Mogensen CE: How often is NIDDM compli-

ated with non-diabetic renal disease? An analysis of renal
iopsies and the literature. Diabetologia 39:1638-1645,
996
3. Pagtalunan ME, Miller PL, Jumping-Eagle S, et al:

odocyte loss and progressive glomerular injury in type II
iabetes. J Clin Invest 99:342-348, 1997
4. Katz A, Caramori ML, Sisson-Ross S, Groppoli T,

asgen JM, Mauer M: An increase in the cell component of
he cortical interstitium antedates interstitial fibrosis in type
diabetic patients. Kidney Int 61:2058-2066, 2002
5. D’Amico G: Tubulointerstitium as predictor of progres-
ion of glomerular diseases. Nephron 83:289-295, 1999
6. Gilbert RE, Cooper ME: The tubulointerstitium in
rogressive diabetic kidney disease: More than an aftermath
f glomerular injury? Kidney Int 56:1627-1637, 1999
7. Nath KA: Tubulointerstitial changes as a major determi-

ant in the progression of renal damage. Am J Kidney Dis
0:1-17, 1992
8. Schainuck LI, Striker GE, Cutler RE, Benditt EP:

tructural-functional correlations in renal disease. II. The
orrelations. Hum Pathol 1:631-641, 1970

RECOMMENDATIONS FOR DN SCREENING

iming of Initial Screen

ype 1 diabetic patients

● In patients with appropriate glycemic con-
trol, initially screen 5 years after diabetes
diagnosis

● Patients with risk factors for DN progres-
sion (see next section) should be screened
earlier

● Onset of puberty is independent risk factor
for DN, so adolescents should be screened
at time of puberty

ype 2 diabetic patients

● At diagnosis, up to 7% of type 2 diabetic
patients already have DN, which may re-
flect delay in diabetes diagnosis by 4 to 7
years

● Therefore, initially screen for DN upon
diabetes diagnosis

egative initial screen

● If initial screen is negative, annual screen-
ing should be followed

rine Microalbuminuria

● Most accepted screening test
● Methods of microalbuminuria screening

(composite based on American Diabetes
Association and National Kidney Founda-
tion guidelines):
� Analysis of untimed “spot” samples is

acceptable; first-morning-void speci-
mens are preferred

� Albumin excretion from 24-hour urine
collection also acceptable, but cumber-
some and often inaccurate due to inad-
equate collection

� Patients can be screened with microalbu-

minuria dipsticks, but require subsequent
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quantitative assay for correlation after
positive dipstick reading

● Albuminuria screening should not be per-
formed when patients have acute conditions
that may independently increase urinary
albumin excretion, such as:
� Urinary tract infection
� Acute illness, especially with fever
� Recent heavy exercise
� Hypertensive urgency/emergency
� Hyperglycemia

FR Estimates

● Useful for staging and therapeutic plans
● Creatinine clearance from 24-hour urine

collection has been standard until recently;
however, as with quantitative albuminuria,
timed collections are cumbersome and of-
ten inaccurate

● GFR estimate from equations is preferred
alternative, and current recommendations
are that equations based on Modification of
Diet in Renal Disease (MDRD) study should
be used rather than Cockcroft-Gault equa-
tion; however, MDRD equation may under-
estimate GFR in normal range

● Because equations are based on serum
creatinine values, calibration of serum cre-
atinine assays to national reference stan-
dard is important

ADDITIONAL READING
1. Gross JL, de Azevedo MJ, Silveiro SP, Canani LH,

aramori ML, Zelmanovitz T: Diabetic nephropathy: Diag-
osis, prevention, and treatment. Diabetes Care 28:164-176,
005
2. American Diabetes Association: Standards of medical

are in diabetes. Diabetes Care 28:S4-S36, 2005 (suppl 1)
3. Stephenson JM, Fuller JH: Microalbuminuria is not

are before 5 years of IDDM. EURODIAB IDDM Complica-
ions Study Group and the WHO Multinational Study of
ascular Disease in Diabetes Study Group. J Diabetes
omplications 8:166-173, 1994
4. Schultz CJ, Konopelska-Bahu T, Dalton RN, et al:
icroalbuminuria prevalence varies with age, sex, and

uberty in children with type 1 diabetes followed from
iagnosis in a longitudinal study. Oxford Regional Prospec-
ive Study Group. Diabetes Care 22:495-502, 1999

5. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA,
olman RR: Development and progression of nephropathy

n type 2 diabetes: The United Kingdom Prospective Diabe-
es Study (UKPDS 64). Kidney Int 63:225-232, 2003

6. Harris MI, Klein R, Welborn TA, Knuiman MW: Onset
f NIDDM occurs at least 4-7 yr before clinical diagnosis.

iabetes Care 15:815-819, 1992
7. National Kidney Foundation: K/DOQI Clinical Prac-
ice Guidelines for Chronic Kidney Disease: Evaluation,
lassification, and Stratification. Am J Kidney Dis 39:S1-
266, 2002 (suppl 1)
8. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N,

oth D: A more accurate method to estimate glomerular
ltration rate from serum creatinine: A new prediction
quation. Modification of Diet in Renal Disease Study
roup. Ann Intern Med 130:461-470, 1999
9. Stevens LA, Levey AS: Clinical implications of

stimating equations for glomerular filtration rate. Ann
ntern Med 141:959-961, 2004

10. Rule AS, Larson TS, Bergstralh EJ, et al: Using serum
reatinine to estimate glomerular filtration rate: Accuracy in
ood health and in chronic renal disease. Ann Intern Med
41:929-937, 2004
11. Coresh J, Astor B, McQuillan G, et al: Calibration and

andom variation of the serum creatinine assay as critical
lements of using equations to estimate glomerular filtration
ate. Am J Kidney Dis 39:920-929, 2002

RISK FACTORS FOR DN PROGRESSION

yperglycemia

● Diabetes Control and Complications Trial
(DCCT):
� Intensive glucose control decreased inci-

dence of microalbuminuria and mac-
roalbuminuria among type 1 diabetic
patients

● Epidemiology of Diabetes Intervention and
Complications (EDIC):
� Follow-up of DCCT cohort that showed

that initial tight glucose control had
sustained benefit on incidence of mi-
croalbuminuria years later

● UK Prospective Diabetes Study Group
(UKPDS):
� In type 2 diabetic patients, hemoglobin A1c

(HgbA1c) �7.0% associated with de-
creased risk for microvascular complica-
tions and progression of diabetic
nephropathy

ypertension

● Common in diabetic patients, even without
documented renal disease; prevalence in-
creases with declining GFR

● Systolic blood pressure predicts DN progres-
sion

● UKPDS: Reduced risk for microalbumin-
uria in type 2 diabetic patients with blood

pressure �140/80 mm Hg
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roteinuria

● In type 1 diabetes, increased baseline uri-
nary albumin excretion, even within normal
range, is risk for micro- and macroalbumin-
uria in type 1 diabetes

● In type 2 diabetic patients, initial hyperfiltra-
tion predicted micro- and macroalbumin-
uria, which was followed by gradual GFR
decline

● Conversely, some studies have shown that
microalbuminuria is poor predictor of DN
progression in diabetes types 1 and 2

● Macroalbuminuria is strong predictor of
DN progression in diabetes types 1 and 2

amily History/Genetic Predisposition

● Substantial evidence for familial predisposi-
tion to DN in diabetes types 1 and 2

● Studies containing large numbers of well-
phenotyped patients are underway to iden-
tify DN susceptibility genes

ale Sex

● Independent risk for DN progression, al-
though mechanism is unclear

isks for CKD Progression, May Apply to DN

● Hyperlipidemia
● Tobacco use:

� Risk for microalbuminuria in diabetes
types 1 and 2

� Longitudinal studies show relationship
with CKD progression

● Decreased birth weight:
� Associated with decreased nephron num-

ber, earlier onset, and more rapid progres-
sion of nephropathy

ADDITIONAL READING
1. The effect of intensive treatment of diabetes on the

evelopment and progression of long-term complications in
nsulin-dependent diabetes mellitus. The Diabetes Control
nd Complications Trial Research Group. N Engl J Med
29:977-986, 1993
2. Writing Team for the Diabetes and Complications

rial/Epidemiology of Diabetes Interventions and Complica-
ions Research Group: Sustained effect of intensive treat-
ent of type 1 diabetes mellitus on development and

rogression of diabetic nephropathy: The Epidemiology of
iabetes Interventions and Complications (EDIC) study.

AMA 290:2159-2167, 2003
3. Intensive blood-glucose control with sulphonylureas or
nsulin compared with conventional treatment and risk of A
omplications in patients with type 2 diabetes (UKPDS 33).
K Prospective Diabetes Study (UKPDS) Group. Lancet
52:837-853, 1998
4. Adler AI, Stevens RJ, Manley SE, Bilous RW, Cull CA,

olman RR: Development and progression of nephropathy
n type 2 diabetes: The United Kingdom Prospective Diabe-
es Study (UKPDS 64). Kidney Int 63:225-232, 2003

5. Mogensen CE: Microalbuminuria and hypertension
ith focus on type 1 and type 2 diabetes. J Intern Med
54:45-66, 2003
6. Bakris GL, Williams M, Dworkin L, et al: Preserving

enal function in adults with hypertension and diabetes: A
onsensus approach. National Kidney Foundation Hyperten-
ion and Diabetes Executive Committees Working Group.
m J Kidney Dis 36:646-661, 2000
7. Tarnow L, Rossing P, Gall MA, Nielsen FS, Parving

H: Prevalence of arterial hypertension in diabetic patients
efore and after the JNC-V. Diabetes Care 17:1247-1251,
994
8. Biesenbach G, Janko O, Zazgornik J: Similar rate of

rogression in the predialysis phase in type I and type II
iabetes mellitus. Nephrol Dial Transplant 9:1097-1102,
994
9. Breyer JA, Bain RP, Evans JK, et al: Predictors of the

rogression of renal insufficiency in patients with insulin-
ependent diabetes and overt diabetic nephropathy. The
ollaborative Study Group. Kidney Int 50:1651-1658, 1996
10. Tight blood pressure control and risk of macrovascu-

ar and microvascular complications in type 2 diabetes:
KPDS 38. UK Prospective Diabetes Study Group. BMJ
17:703-713, 1998
11. Mogensen CE, Christensen CK, Vittinghus E: The

tages in diabetic renal disease. With emphasis on the stage
f incipient diabetic nephropathy. Diabetes 32:S64-S78,
983 (suppl 2)
12. Hovind P, Tarnow L, Rossing P, et al: Predictors for

he development of microalbuminuria and macroalbumin-
ria in patients with type 1 diabetes: Inception cohort study.
MJ 328:1105-1109, 2004
13. Nelson RG, Bennett PH, Beck GJ, et al: Development

nd progression of renal disease in Pima Indians with
on-insulin-dependent diabetes mellitus. Diabetic Renal
isease Study Group. N Engl J Med 335:1636-1642, 1996
14. Perkins BA, Ficociello LH, Silva KH, Finkelstein

M, Warram JH, Krolewski AS: Regression of microalbu-
inuria in type 1 diabetes. N Engl J Med 348:2285-2293,

003
15. Mogensen CE: Microalbuminuria as a predictor of

linical diabetic nephropathy. Kidney Int 31:673-689, 1987
16. Freedman BI, Tuttle AB, Spray BJ: Familial predispo-

ition to nephropathy in African-Americans with non-insulin-
ependent diabetes mellitus. Am J Kidney Dis 25:710-713,
995
17. Quinn M, Angelico MC, Warram JH, Krolewski AS:

amilial factors determine the development of diabetic
ephropathy in patients with IDDM. Diabetologia 39:940-
45, 1996
18. Covic AM, Iyengar SK, Olson JM, et al: A family-

ased strategy to identify genes for diabetic nephropathy.

m J Kidney Dis 37:638-647, 2001



I
a

d
t

t
t

m
m
a

a
m
d

A
R

1

N
N

t
r

G

B

L

D

CORE CURRICULUM IN NEPHROLOGY 771
19. Knowler WC, Coresh J, Elston RC, et al: The Family
nvestigation of Nephropathy and Diabetes (FIND): Design
nd methods. J Diabetes Complications 19:1-9, 2005

20. Jacobsen P, Rossing K, Tarnow L, et al: Progression of
iabetic nephropathy in normotensive type 1 diabetic pa-
ients. Kidney Int Suppl 71:S101-S105, 1999

21. Seliger SL, Davis C, Stehman-Breen C: Gender and
he progression of renal disease. Curr Opin Nephrol Hyper-
ens 10:219-225, 2001

22. Ravid M, Brosh D, Ravid-Safran D, Levy Z, Rach-
ani R: Main risk factors for nephropathy in type 2 diabetes
ellitus are plasma cholesterol levels, mean blood pressure,

nd hyperglycemia. Arch Intern Med 158:998-1004, 1998
23. Chaturvedi N, Fuller JH, Taskinen MR: Differing

ssociations of lipid and lipoprotein disturbances with the
acrovascular and microvascular complications of type 1

iabetes. Diabetes Care 24:2071-2077, 2001
24. Appel GB, Radhakrishnan J, Avram MM, et al:

nalysis of metabolic parameters as predictors of risk in the
ENAAL study. Diabetes Care 26:1402-1407, 2003
25. Orth SR: Smoking and the kidney. J Am Soc Nephrol

3:1663-1672, 2002
26. Keller G, Zimmer G, Mall G, Ritz E, Amann K:

ephron number in patients with primary hypertension.
Engl J Med 348:101-108, 2003
27. Brenner BM, Chertow GM: Congenital oligonephropa-

hy and the etiology of adult hypertension and progressive
enal injury. Am J Kidney Dis 23:171-175, 1994

STRATEGIES FOR PREVENTING/SLOWING
DN PROGRESSION

lucose Control

● Multiple intervention trials show benefit of
maintaining HgbA1c �7.0%

● Multiple agents may be effective:
� Insulin—DCCT and EDIC:

E Of the diabetes regimens, best evi-
dence for preventing nephropathy with
insulin

E EDIC study demonstrated sustained
benefit of glucose control in decreas-
ing micro- and macroalbuminuria, as
well as new development of hyper-
tension

� Thiazolidinediones:
E May be beneficial for decreasing albu-

minuria in type 2 diabetic patients
E May cause fluid retention in subjects

with decreased left ventricular ejec-
tion fraction

� Metformin:
E Excellent for glucose and lipid control
E Use with caution in diabetic subjects
with chronic kidney disease because
of case reports of metformin-induced
fatal metabolic acidosis

● Insulin half-life is prolonged with de-
creased GFR, so dosing of all agents should
be adjusted in renal dysfunction to avoid
hypoglycemia

lood Pressure Control

● 130/80 mm Hg is reasonable goal, but may
require 3 to 4 drugs

● Substantial data showing benefit of angio-
tensin-converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs)
for DN progression:
� Recent comparison of ACE inhibitors

and ARBs suggests that these agents
have equivalent long-term benefits in
early DN (GFR �70 mL/min [�1.17
mL/s])

� In ACE inhibitor– and ARB-treated pa-
tients, serum potassium and creatinine
should be closely monitored for 2 to 3
months; if documented stable renal func-
tion, annual monitoring of electrolytes is
appropriate

� If patients start on nonsteroidal anti-
inflammatory drugs, develop a state of
hypoperfusion, or demonstrate progres-
sive GFR decline from DN, more fre-
quent monitoring of electrolytes and cre-
atinine is appropriate

� Serum creatinine increase of 30% above
baseline (after institution of blood pres-
sure control) that subsequently stabilizes
in a period of 2 to 3 months predicts
improved long-term outcome

� UKPDS—�-blocker as effective as ACE
inhibitor

ipids

● Treatment with statins to achieve low-
density lipoprotein cholesterol �100 mg/dL
(�2.59 mmol/L), or �70 mg/dL (�1.81
mmol/L) for patients with cardiovascular
disease history

ietary Protein Restriction

● Controversial
● Difficult to achieve without comprehensive
dietary team
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eight Loss

● Improves insulin sensitivity, potentially
slows DN progression

moking Cessation

ADDITIONAL READING

1. The effect of intensive treatment of diabetes on the
evelopment and progression of long-term complications in
nsulin-dependent diabetes mellitus. The Diabetes Control
nd Complications Trial Research Group. N Engl J Med
29:977-986, 1993
2. Effect of intensive therapy on the development and

rogression of diabetic nephropathy in the Diabetes Control
nd Complications Trial. The Diabetes Control and Compli-
ations (DCCT) Research Group. Kidney Int 47:1703-1720,
995
3. Writing Team for the Diabetes and Complications

rial/Epidemiology of Diabetes Interventions and Complica-
ions Research Group: Effect of intensive therapy on the
icrovascular complications of type 1 diabetes mellitus.

AMA 287:2563-2569, 2002
4. Writing Team for the Diabetes and Complications

rial/Epidemiology of Diabetes Interventions and Complica-
ions Research Group: Sustained effect of intensive treat-
ent of type 1 diabetes mellitus on development and

rogression of diabetic nephropathy: The Epidemiology of
iabetes Interventions and Complications (EDIC) study.

AMA 290:2159-2167, 2003
5. Nesto RW: Thiazolidinedione use, fluid retention, and

ongestive heart failure: A consensus statement from the
merican Heart Association and American Diabetes Associa-

ion: Response to Elasy and Griffin. Diabetes Care 27:2096,
004 (letter)
6. Bakris G, Viberti G, Weston WM, Heise M, Porter LE,

reed MI: Rosiglitazone reduces urinary albumin excretion
n type II diabetes. J Hum Hypertens 17:7-12, 2003

7. Bailey CJ, Turner RC: Metformin. N Engl J Med
34:574-579, 1996
8. Bakris GL, Weir MR, Shanifar S, et al: Effects of blood

ressure level on progression of diabetic nephropathy:
esults from the RENAAL study. Arch Intern Med 163:1555-
565, 2003
9. Hansson L, Zanchetti A, Carruthers SG, et al: Effects of

ntensive blood-pressure lowering and low-dose aspirin in
atients with hypertension: Principal results of the Hyperten-
ion Optimal Treatment (HOT) randomised trial. HOT
tudy Group. Lancet 351:1755-1762, 1998
10. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL,

ifford N, Schrier RW: The effect of nisoldipine as com-
ared with enalapril on cardiovascular outcomes in patients
ith non-insulin-dependent diabetes and hypertension.
Engl J Med 338:645-652, 1998
11. Bakris GL: A practical approach to achieving recom-
ended blood pressure goals in diabetic patients. Arch
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RENAL REPLACEMENT THERAPY IN DN

● Diabetic patients are fastest growing propor-
tion of ESRD population

● Mortality rate for diabetic ESRD patients
remains very high, mainly related to cardio-

vascular disease
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● Hemodialysis versus peritoneal dialysis:
� Relative mortality data remain controver-

sial
� No clear benefit of 1 modality versus

another
● Hemodialysis:

� Long-term economic and morbidity ben-
efits of native vein arteriovenous fistula
� graft � catheter

� Diabetic patients have significantly worse
vascular access–related outcomes:
E Significantly greater primary arterio-

venous fistula rates have been achieved
in diabetic patients with coordinated
approach

E Requires appropriate referral, preac-
cess planning (vein preservation, ve-
nous mapping), and collaboration with
skilled surgeon

E Centers for Medicare and Medicaid
Services has launched “Fistula First”
campaign to achieve Kidney Disease
Outcomes Quality Initiative recom-
mendation of arteriovenous fistulas in
50% of incident dialysis patients

� Achievement of national guidelines for
access outcomes often requires a multidis-
ciplinary team approach

● Transplantation
� Patients with DN progression should

receive education regarding benefits of
transplantation and timely referral for
evaluation

� Survival rates and quality of life for
transplantation recipients superior to that
for other forms of renal replacement
therapy

� Kidneys from living-unrelated donors
have similar functional outcomes to de-
ceased donor organs:
E Increased potential pool of donors may

assist with current long waiting times
� Economic benefits to kidney transplantation
� Pancreas transplant for type 1 diabetes
� Potential for resolution of diabetic ne-

phropathy, retinopathy, and improve-

ment in cardiovascular outcomes r
� Potential for recurrent DN with poor
glycemic control
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