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Diabetes significantly increases the risk of

Every 6 seconds, 1 person dies from diabetes-related complications1

1. International Diabetes Federation. Diabetes Atlas, 5th ed. www.diabetesatlas.org (accessed June 2012). Estimated based on mortality data.; 
2. Adapted from CDC. National Diabetes Fact Sheet, 2011. http://www.cdc.gov/diabetes/pubs/estimates11.htm#12 (accessed June 2011);
3. Fong DS, et al. Diab Care 2004;27(suppl 1):S84–87.

...133 patients will 
start dialysis2

...180 patients will 
have an 

amputation2

...there will be 1104 new cases 
of diabetic retinopathy, which 

can lead to vision loss2,3

In the next 24 hours, 5258 patients will develop diabetes…

Heart disease 
by 2–4 fold2

Stroke
by > 2–4 fold2

…in the USA
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 Le complicanze microvascolari colpiscono i piccoli vasi e comprendono

retinopatia, nefropatia e neuropatia diabetiche.

 Queste complicanze pongono un carico considerevole sul paziente e,

dato che il numero di persone con diabete di tipo 2 continua ad

aumentare, anche uno sforzo crescente sulle risorse sanitarie.

 Il diabete è oggi la causa primaria dei nuovi casi di cecità nelle persone

tra i 20 e i 74 anni, ed è anche la causa principale di insufficienza renale

terminale (ESRD). Più del 60% dei pazienti diabetici è affetto da

neuropatia.
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 La nefropatia diabetica é una complicanza cronica del diabete la cui

patogenesi rientra nei danni del microcircolo (microangiopatia) che

costituiscono il quadro clinico della “sindrome oculo-renale”.

 Il 40% circa dei diabetici di tipo 1 ed il 15-20% dei diabetici di tipo 2 è

affetto da nefropatia diabetica.

 In Italia la percentuale di diabetici tra i pazienti affetti da insufficienza

renale terminale é pari all’11%. Tra questi la percentuale di diabetici di

tipo 2 è del 67%, quella dei diabetici di tipo 1 é del 33%.
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Incident ESRD patients; rates adjusted for age, gender, & race. Data on the prevalence of diabetes in the general population obtained 
from the CDC’s Behavioral Risk Factor Surveillance System, at www.cdc.gov/brfss. 

Adjusted ESRD incident rates, by primary diagnosis, & diabetes  in the 
general population
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L’esordio clinico della nefropatia è caratterizzato dalla precoce

comparsa di moderata albuminuria.

Il dosaggio della microalbuminuria può essere eseguito secondo

diverse modalità:

1) lo standard di riferimento è la velocità di escrezione di albumina

(AER, Albumin Excretion Rate) su campioni con raccolta

temporizzata, espressa come microgrammi di albumina/24 h

(mg/24 h);

2) può essere espresso come tasso di escrezione temporizzato

(TAER) su campioni di urine raccolte durante la notte (4 h) ed

espresso in μg/min;
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3) per una più rapida valutazione, può essere utilizzata, nel

campione estemporaneo, la concentrazione di massa dell'albumina

urinaria espressa come milligrammi di albumina per litro, cioè

concentrazione urinaria di albumina (mg/L);

4) per correggere le variazioni dovute all'equilibrio dei fluidi

corporei, tale concentrazione è normalmente riferita alla

concentrazione di creatinina urinaria in forma di rapporto

albumina/creatinina espresso come milligrammi di albumina per

grammo di creatinina quindi microalbuminuria del rapporto

albumina/creatinina urinario (RACU o ACR) (mg/g).Diapositiv
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AMD-SID - Standard italiani per la cura del diabete mellito 2014
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AMD-SID - Standard italiani per la cura del diabete mellito 2014
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Alterazioni 
funzionali

Alterazioni
strutturali

GFR 

Ipertrofia
renale

Microalbuminuria,
Ipertensione

Espansione mesang., 
Ispessimento GBM,
Ialinosi arteriolare

Macroalbuminuria, sindrome nefrosica,
GFR

Noduli mesangiali (Kimmesteil-Wilson)
Fibrosi tubulo-interstiziale
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La storia naturale della nefropatia diabetica
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 Sesso maschile

 Razza

 Controllo metabolico

 Ipertensione

 Familiarità

 Genetica

 Fumo di sigaretta

 Coesistenza di altre complicanze macro/micro vascolari

Fattori di rischio
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DCCT
Relationship of HbA1c to Risk of Microvascular Complications

Skyler. Endocrinol Metab Clin. 1996;25:243-254
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Kumamoto trial: study design

Primary prevention 
(n = 55)

Secondary intervention 
(n = 55)

Patients with type 2 diabetes (n =110)

Conventional 
insulin 

treatment 
(n = 27)

Intensive 
insulin 

treatment 
(n = 28)

Randomise Randomise

Conventional 
insulin 

treatment 
(n = 28)

Intensive 
insulin 

treatment 
(n = 27)

Shichiri M et al. Diabetes Care 23 (Suppl. 2):B21–B29, 2000
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The Kumamoto Study: Relationship between the rate of worsening of 
nephropathy and glycemic control indexes expressed as HbA1c, FBG, and 2-h 

postprandial blood glucose concentration in the combined cohort

Shichiri M et al. Diabetes Care 23 (Suppl. 2):B21–B29, 2000
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Microvascular Endpoints
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The ORIGIN trial investigators. Diabetologia  57:1325–1331, 2014

Incidence of microvascular outcomes by quintiles of baseline HbA1c: results of 
the Outcome Reduction with an Initial Glargine Intervention (ORIGIN) trial

Worsening of albuminuria category (i.e. from normoalbuminuria to either microalbuminuria or clinical proteinuria, or from
microalbuminuria to clinical proteinuria).
Renal failure: renal replacement therapy, and death due to renal failure.Diapositiv
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Are conditions which precede diabetes but are not associated 

with poor glycemic control associated with increased risk of 

renal disease?
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The Framingham Heart Study: The odds of developing CKD by glycemic 
category

O
R

Fox CS et al. Diabetes Care 28:2436–2440, 2005
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NHANES III: fully adjusted† odds ratios of CKD by glycemic category
O

R

Muntner P et al. Ann Epidemiol 14:686–695, 2004
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Brownlee M. Nature 414: 813-820, 2001
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Brownlee M. Nature 414: 813-820, 2001

Consequences of hyperglycaemia-induced activation of PKC

Brownlee M. Nature 414: 813-820, 2001
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Increased glucose metabolism through the hexosamine pathway
enhances intracellular O-linked glycosylation

(GFAT)
glutamine:fructose-6-phosphate 

amidotransferase
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O-GlcNacylation is increased in carotid plaques from diabetic
subjects

Federici M et al, Circulation 2002
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Storia naturale della nefropatia diabetica

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



• Ispessimento GBM 

• Ialinosi arteriole afferente ed
efferente

• Espansione mesangiale
- Diffusa
- Nodulare

• Fibrosi tubulo-interstiziale

• Ischemia vasi papillari  Necrosi
papillare

Anatomia patologica
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Pathology of DM nephropathy

Normal 
Glomerulus

Early Diabetic 
Glomerulus

Capillary lumen

Mesangial cell

Thickened BM

Expanded 
mesangium

Mesangium

Podocyte
damage & loss

Basement 
membrane

– Afferent and efferent hyaline arteriolosclerosis
– Interstitial fibrosis and tubular atrophy
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Diffuse and nodular glomerulosclerosis in diabetic nephropathy
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Diabetic nephropathy: glomerular basement membrane 
thickening
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Advanced Diabetic Glomerulosclerosis
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Fioretto P et al. Diabetologia (1996) 39: 1569–1576

Category C I: Normal or near normal renal structure. 
Very mild mesangial expansion, tubulo-interstitial changes or arteriolar 

hyalinosis in any combination
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Fioretto P et al. Diabetologia (1996) 39: 1569–1576

Category C II): Typical diabetic nephropathology
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Fioretto P et al. Diabetologia (1996) 39: 1569–1576

Category C III): Atypical patterns of renal injury. 
Tubular atrophy, tubular basement membrane thickening and 

reduplication and interstitial fibrosis (tubulo-interstitial lesions)
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Fioretto P et al. Diabetologia (1996) 39: 1569–1576

Category C III): Atypical patterns of renal injury. 
Advanced arteriolar hyalinosis affecting both afferent and efferent glomerular

arterioles  commonly associated with atherosclerosis of larger vessels
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Fioretto P et al. Diabetologia (1996) 39: 1569–1576

Category C III): Atypical patterns of renal injury. 
Global glomerular sclerosis (>25%) in the presence of absent or mild 

mesangial expansion

Global 
glomerular

sclerosis

Glomerular
structure near 

normal
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Stadio Clinica Alterazioni renali

I - Iperfiltrazione  UAE revers. ipertrofia glomerulare

(diagnosi)  GFR  pressione intraglomerulare

= P.A.

II - Nefropatia silente = UAE normo  spessore GBM

= o  GFR  volume mesangiale

= P.A.

III - Nefropatia incipiente   UAE micro  spessore GBM

(a 5-10 aa da diagnosi) = GFR  volume mesangiale

= o  P.A.

IV - Nefropatia conclamata     UAE macro       spessore GBM

(a 10-20 aa da diagnosi = o  GFR  volume mesangiale

a progressione variabile)        P.A. obliterazione parte glomeruli

con ipertrofia glomeruli residui

V – Insufficienza renale  UAE obliterazione glomerulare

(a 25-30 aa da diagnosi)  GFR generalizzata

 P.A.

Stadi evolutivi della nefropatia diabetica
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Diabete di tipo 2

• Insorgenza subdola. Può manifestarsi in 
qualsiasi stadio

• La presenza di microalbuminuria predice
l’insorgenza di insufficienza renale
avanzata nel 20% dei pz. 

• L’ipertesione arteriosa può precedere
l’insorgenza di nefropatia (80% dei pz. 
con microalbuminuria).

• 40-50% con nefropatia incipiente
presentano retinopatia.

• Elevata prevalenza di altre patologie renali
(infezioni).

Diabete di tipo 1

• Insorgenza progressiva con passaggio da
uno stadio all’altro.

• La presenza di microalbuminuria predice
l’insorgenza di insufficienza renale
avanzata nell’80% dei pz.

• Ipertensione arteriosa si presenta dopo
lo stadio III.

• >85% con nefropatia incipiente
presentano retinopatia.

• Bassa prevalenza di altre patologie renali
(infezioni).

Caratteristiche della nefropatia diabetica
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 E’ fortemente sospetto di essere microalbuminurico un paziente
che presenti su un campione di urine random un rapporto
urinario di albumina/creatinina >30 µg/mg o una
concentrazione di albumina >20mg/l nelle prime urine del
mattino.

 In tutti i pazienti che presentano anormalità di tali parametri, é
necessario procedere alla raccolta urinaria temporizzata
notturna delle urine o delle 24 ore in almeno tre diverse
occasioni nell’arco di tre-sei mesi per il calcolo della velocità di
escrezione dell’albumina (Albumin escretion rate - AER).

 Escludere la presenza di infezioni urinarie.

 Controllo del fundus oculi per la presenza di retinopatia.

Diagnosi di Nefropatia Diabetica
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 Misurazione della clearance renale della creatinina come indice
attendibile del volume di filtrazione glomerulare (eGFR).

 Valutazione del filtrato glomerulare (GFR) mediante sostanze che
filtrano liberamente a livello glomerulare e che non vengono
riassorbite o escrete a livello tubulare.

 Misurazione degli elettroliti (Na,K,Ca,P), azotemia, uricemia,
proteine totali.

 Esame urine completo e urinocoltura.

Diagnosi di Nefropatia Diabetica
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 Assenza di retinopatia.

 Ematuria (micro e macro).

 Improvviso deterioramento della funzione renale
(oliguria-anuria).

 Febbre, dolore in sede renale.

Diagnosi differenziale con altre nefropatie
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Is diabetic nephropathy reversible? 
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Fioretto P et al.  N Engl J Med 339:69–75, 1998 

Reversal of lesions in the native kidneys of type 1 diabetic patients with long-
term (10 years) normoglycemia following successful pancreas transplantation

A 33-Year-Old woman with 17 Years’ Duration at the Time of Transplantation

5 years after transplantation 10 years after transplantationBefore transplantation
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Fioretto P et al.  N Engl J Med 339:69–75, 1998 

Reversal of lesions in the native kidneys of type 1 diabetic patients with long-
term (10 years) normoglycemia following successful pancreas transplantation

A 31-Year-Old woman with 27 Years’ Duration at the Time of Transplantation

5 years after transplantation 10 years after transplantationBefore transplantation
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Fioretto P et al.  N Engl J Med 339:69–75, 1998 

Reversal of lesions in the native kidneys of type 1 diabetic patients with long-
term (10 years) normoglycemia following successful pancreas transplantation

Thickness of the glomerular
basement membrane

Thickness of the tubular 
basement membrane
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Fioretto P et al.  N Engl J Med 339:69–75, 1998 

Reversal of lesions in the native kidneys of type 1 diabetic patients with long-
term (10 years) normoglycemia following successful pancreas transplantation

Mesangial fractional volume Mesangial-Matrix fractional volume
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13% decrease per 10 mm Hg decrement in BP

P=0.0001
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UKPDS 36. BMJ 321: 412-19, 2000
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Effect of Angiotensin Blockade

Afferent arteriole

Efferent arteriole

¯ Glomerular pressure
¯ AER
(GFR)

Glomerulus

Bowman’s Capsule

Angiotensin II

Proteinuria

A II blockade:
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Randomized controlled trials that have investigated the effects of RAAS 
blockade at the various stages of progression of diabetic nephropathy

Roscioni, S. S. et al. Nat. Rev. Nephrol. 2013
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Ruggenenti et al. N Engl J Med 351:1941-51, 2004

Trandolapril Trandolapril + 
Verapamil

Verapamil Placebo

N 301 300 303 300

Microalb-
uminuria

6% 5.7% 11.9% 10%

Preventing Microalbuminuria in Type 2 DiabetesBergamo
Nephrologic Diabetes Complications Trial (BENEDICT)
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Effects of a fixed combination of perindopril and indapamide
on macrovascular and microvascular outcomes in patients with 

type 2 diabetes mellitus (the ADVANCE trial):  Renal events

2.0

Hazard ratio

0.5 1.0

New or worsening nephropathy 181 216 18% (-1 to 32)

New microalbuminuria 1094 1317 21% (14 to 27)

Total renal events 1243 1500 21% (15 to 27)*

*P=<0.01

Number of events

Per-Ind Placebo
(n=5,569) (n=5,571)

Relative risk

reduction (95% CI)

Favours

Per-Ind

Favours

Placebo

Lancet  370: 829–40, 2007
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Angiotensin II Receptor Blockers in Type 2 Diabetics With 
Nephropathy Progression of Renal Insufficiency

Primary Endpoint:
Composite  of doubling of serum 

creatinine, end stage renal 
disease, or death

Average 
Duration

RENAAL 
(n=1,514)

Losartan 50-100 mg 
vs placebo*

 16% (p=0.02) 3.4 yrs

IDNT 
(n=1,715)

Irbesartan 150-300mg vs 
placebo*

 20% (p=0.02)

2.6 yrs
Irbesartan 150-300 mg

vs Amlodipine*
 23% (p=0.006)

*In combination with conventional antihypertensive therapy (excluding ACE inhibitors)

RENAAL=The Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan Study
IDNT=The Irbesartan in Diabetic Nephropathy Trial

Brenner BM, et al. N Engl J Med. 2001;345(12):861-869. 
Lewis EJ, et al. N Engl J Med. 2001;345(12):851-860.
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Angiotensin II Receptor Blockers in Type 2 Diabetics Progression 
of Microalbuminuria†

Primary Outcome:
Development of 

clinical proteinuria‡
Duration

IRMA II 
(n=590)

Irbesartan 150mg 
vs placebo*

 39% (P=0.080)

2 yrs

Irbesartan 300mg 
vs placebo*

 70% (P<0.001)

†Albumin excretion rate of 20 to 200 g per minute in 2 of 3 consecutive, sterile, overnight urine samples

‡Urinary albumin excretion rate >200 g per minute and at least 30% higher than baseline in at least 2 
consecutive measurements

*In combination with conventional antihypertensive therapy (excluding ACE inhibitors)

Parving HH, et al. N Engl J Med. 2001;345(12):870-878.

IRMA II=The Irbesartan Microalbuminuria Type 2 Diabetes in  Hypertensive Patients Study
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Can long-term control of diabetes reduce the risk of renal 

disease?
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DCCT: study design

Primary prevention 
(n = 726)

Secondary intervention   
(n = 715)

Patients with type 1 diabetes (n 
= 1441)

Conventional Intensive Conventional Intensive

Randomise Randomise

DCCT: N Engl J Med 329:977–986, 1993
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DCCT: treatment conditions

Intensive group (n = 711): 
• Aim: symptom-free + plasma 

glucose:

• 3.9-6.7 mmol/l before meals; - < 
10 mmol/l after meals;

• > 4.0 mmol/l at 03.00 a.m.;

• HbA1c < 6.5%

•  3 insulin injections / day or 
insulin pump 

•  4 daily blood glucose tests

• Hospitalisation for initiation

• Comprehensive education 
programme

• Frequent dietary instructions

• Monthly clinic visits

Conventional group (n = 730): 

• Aim: to avoid symptoms of 
hyper / hypoglycaemia

• 1 or 2 insulin injections per day 

• Daily self-monitoring

• Initial diet and exercise 
education

• Quarterly visits

DCCT: N Engl J Med 329:977–986, 1993
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DCCT: intensive therapy significantly reduced and maintained HbA1c
H

b
A

1
c

(%
)

Year

Conventional

Intensive

11

10
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6

0

91 2 3 4 5 6 7 8

DCCT: N Engl J Med 329:977–986, 1993
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DCCT: intensive therapy reduces microvascular complications
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*urinary albumin excretion ≥40 mg per 24 hours

Adapted from: N Engl J Med 329:977–986, 1993
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JAMA 290:2159-2167, 2003
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Cumulative incidence of microalbuminuria, according to treatment 
group: DCCT/EDIC study

JAMA 290:2159-2167, 2003
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Cumulative incidence of an impaired glomerular filtration rate, 
according to treatment group: DCCT/EDIC study

N Engl J Med 365:2366-76, 2011
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Kumamoto study: treatment conditions

Intensive group
• Aim: 

FBG close to <140 mg/dL

2 hr PPG <200 mg/dL

HbA1c <7.0%

• 1 bedtime injection of 
intermediate-acting 
insulin + meal-time 
short-acting insulin

• Frequent self-monitoring

• Clinic visits every 2 weeks

Conventional group
• Aim: 

no symptoms of hyper- or 
hypoglycaemia

FBG <140 mg/dL

• 1 or 2 daily injections of 
intermediate-acting insulin

Shichiri M et al. Diabetes Care 23 (Suppl. 2):B21–B29, 2000
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Kumamoto Study: Risk reduction of nephropathy

Ohkubo Y, et al. Res Clin Pract 28:103-17, 1995

Nephropathy
Primary Prevention

Nephropathy
Secondary Intervention

40

30
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0

Years

0 1 2 3 4 5 6

-52%
P=0.044

Conventional

Intensive
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UKPDS 33 UKPDS 34 ACCORD ADVANCE VADT

Protocol 
Characteristics

A1C goals, % 
(I vs S)a

FPG <108 
mg/dL vs. best 
achievable FPG 
with diet alone

FPG <108 
mg/dL vs. 

best 
achievable 

FPG with diet 
alone

<6.0 vs 7.0-
7.9

6.5 vs based 
on local 

guidelines

<6.0 (action if 
>6.5) vs planned 
separation of 1.5

Protocol for 
glycemic 
control 

(I vs. S)a

Sulfonylurea or 
insulin vs. diet 

alone

Metformin, vs. 
diet alone

Multiple 
drugs in 

both arms

Multiple drugs 
added to 

gliclazide vs
multiple drugs 

with no 
gliclazide

Multiple drugs in 
both arms

Management 
of other risk 

factors

Embedded 
blood pressure 

trial

Embedded 
blood 

pressure trial

Embedded 
blood 

pressure 
and lipid 

trials

Embedded 
blood pressure 

trial

Protocol for 
intensive 

treatment in 
both arms

aMedication rates for ACCORD are for any use during the study.

I = intensive glycemic control; S = standard glycemic control.

UKPDS, ACCORD, ADVANCE, and VADT
Study Characteristics 

Turnbull FR, et al. Diabetologia 52:2288–2298, 2009
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UKPDS 33 UKPDS 34 ACCORD ADVANCE VADT

Outcomes

HbA1c 
(Intensive vs. 

Standard)

7.0 vs. 7.9% 7.4 vs. 8.0 6.5 vs. 7.3% 6.4 vs. 7.5% 6.9 vs. 8.4% 

Definition 
of outcome

21 clinical 
endpoints

21 clinical 
endpoints

Nonfatal MI, 
nonfatal 

stroke, CVD 
death

Microvascular
plus 

macrovascular
(nonfatal MI, 

nonfatal stroke, 
CVD death) 
outcomes

Nonfatal MI, 
nonfatal 

stroke, CVD 
death, 

hospitalizatio
n for heart 

failure, 
revascularizati

on

RR for 
microalbum

inuria

0.88
(0.75-1.04)

1.00
(0.77-1.30)

0.88
(0.80-0.96)

0.92
(0.86-0.98)

0.74
(0.51-1.07)

RR for End 
Stage Renal 

Disease

0.74
(0.33-1.67)

1.20
(0.17-8.49)

0.91
(0.73-1.15)

0.35
(0.18-0.70)

0.64
(0.25-1.64)

UKPDS, ACCORD, ADVANCE, and VADT
Results

Coca SG et al. Arch Intern Med 172(10):761-769, 2012
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: Microalbuminuria

Coca SG et al. Arch Intern Med 172(10):761-769, 2012
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: Macroalbuminuria

Coca SG et al. Arch Intern Med 172(10):761-769, 2012
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: end-stage renal disease

Coca SG et al. Arch Intern Med 172(10):761-769, 2012
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Are the different treatments equally effective in reducing the 

risk of renal disease?

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



UKPDS 33: Microvascular events (Retinopathy and nephropathy)

UKPDS 33 Lancet 352:837-853, 1998

favours 
intensive

favours 
conventionalRR 0.1 1 10

Chlorpropamide (n=619) 

Glibenclamide (n=615)

Insulin (n= 911)

0.86 (0.63-1.17)

0.66 (0.47-0.93)

0.70 (0.52-0.93)

P = 0.33

P = 0.017

P = 0.015
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Intensive (metformin) vs. Conventional glucose control

HR (95%CI)

(Photocoagulation, vitreous haemorrhage, renal failure)

Holman R.R. et al. N Engl J Med 359:1577-1589, 2008

UKPDS 80: Extended effects of improved glycemic control in patients with 
newly diagnosed type 2 diabetes- Microvascular Disease Hazard Ratio

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



The HR for the primary end point, an aggregate of

microvascular and macrovascular morbidity and mortality,

was 0.92 (95% CI, 0.72-1.18; P=0.33).

The HR for the secondary, microvascular endpoint was

1.04 (95% CI, 0.75-1.44; P=0.43).

Kooy A et al. Arch Intern Med 169:616-625, 2009

Hyperinsulinemia: the Outcome of its Metabolic Effects (HOME)
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Glargine Standard Care

Omega 3 FA* Glargine + Omega 3 Omega 3

Placebo Glargine + Placebo Placebo

ORIGIN Factorial Design

N=12,537; 573 sites; 40 countries; 2 Comparisons

Recruitment: Sept ‘03 – Dec’05     Final Visit: Q4 2011

Median (IQR) Follow-up: 6.2 y (5.8-6.6)

Glargine (Lantus): open vs. standard care 

Omega 3 FA (Omacor): double-blind; 1 cap/day* 

*Omacor contains EPA 465 mg & DHA 375 mg

ORIGIN Trial Investigators, N Engl J Med  367: 319-28, 2012
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Patients with baseline HbA1c<6.4%Patients with baseline HbA1c ≥6.4%

The ORIGIN trial investigators. Diabetologia  57:1325–1331, 2014

Insulin glargine reduced the incidence of the primary micro-vascular 
composite outcome in participants whose baseline HbA1c was ≥6.4%: ORIGIN

Time-to-event curves for the composite micro-vascular outcome*

HR 0.90 [95% CI 0.81-0.99] HR 1.07 [95% CI 0.95-1.20]

*Doubling of serum creatinine, worsening of albuminuria, renal replacement therapy or death due to renal failure, or diabetic 
retinopathy requiring retinal photocoagulation or vitrectomy.

Median follow-up of 6.2 years.
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Serum concentration–time profiles of pioglitazone in subjects with normal 
renal function, moderate renal impairment, and severe renal impairment

Budde K et al. British Journal of Clinical Pharmacology 55; 368-374,2003
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Pioglitazone reduces urinary albumin excretion in renin-angiotensin system inhibitor-treated
type 2 diabetic patients with hypertension and microalbuminuria: the APRIME study

Morikawa A et al. Clin Exp Nephrol 15:848–853, 2011

Pioglitazone

Metformin
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Proportional change in urine albumin-creatinine ratio in patients with baseline normo-
and/or microalbuminuria for the thiazolidinedione (TZD) versus control groups

Sarafidis PA et al. Am J Kidney Dis 55:835-847, 2010
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