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Different pathways and networks involved in the initiation and progression of diabetic kidney 
disease. 

Radica Z. Alicic et al. CJASN 2017;12:2032-2045
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Presentation Notes
Different pathways and networks involved in the initiation and progression of diabetic kidney disease. AGE, advanced glycation end product; CTGF, connective tissue growth factor; JAK-STAT, Janus kinase/signal transducer and activator of transcription; PKC, protein kinase C; RAAS, renin-angiotensin-aldosterone system; ROS, reactive oxygen species; SAA, serum amyloid A; VEGF-A, vascular endothelial growth factor A. *JAK/STAT signaling can be unchanged (↔) or upregulated (↑) in early and later stages of diabetes, respectively.



Crosstalk between endothelial cells 
& podocytes involving protein C 

Gilbert RE.N Engl J Med. 2008;358:1628-1630.

Am J Kidney Dis. 2011;58(4):637-646



Διαμεσοσωληναριακή ίνωση & Σωληναριακή ατροφία

Υπεργλυκαιμία
AGEs
TGFβ

ΑΙΙ

Loffler I.Diabetes and Kidney Disease. New York: Wiley-Blackwell; 2013



Παθολογική Ανατομική ΔΝΝΠαθολογική Ανατομική ΔΝΝ

Alicic RZ, Clin J Am Soc Nephrol. 2017 Dec 7;12(12):2032-2045. 



ΔΝΝ : Σπειραματικές βλάβες

Radica Z. Alicic et al. CJASN 2017;12:2032-2045

©2017 by American Society of Nephrology

Normal glomerulus
Diffuse mesangial 
expansion 

Prominent mesangial 
expansion / early nodularity 

Kimmelstiel–Wilson nodules Dilation of capillaries 
forming microaneurysms

Obsolescent glomerulus
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Presentation Notes
Diabetic glomerulopathy. Changes in glomerular histology in diabetic glomerulopathy (A) Normal glomerulus. (B) Diffuse mesangial expansion with mesangial cell proliferation. (C) Prominent mesangial expansion with early nodularity and mesangiolysis. (D) Accumulation of mesangial matrix forming Kimmelstiel–Wilson nodules. (E) Dilation of capillaries forming microaneurysms, with subintimal hyaline (plasmatic insudation). (F) Obsolescent glomerulus. A–D and F were stained with period acid–Schiff stain, and E was stained with Jones stain. Original magnification, ×400.
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Normal renal cortex
Thickened tubular basement 
membranes and interstitial widening

Arteriole with an intimal 
accumulation of hyaline 
materia

Solid arrows : Renal tubules  with 
thickening and wrinkled basement 
membranes 
Dashed arrow: atrophic tubules 
and some containing casts 
Dotted arrow : interstitial 
widening with fibrosis  

ΔΝΝ : Διαμεσοσωληναριακές βλάβες & Yαλίνωση των αρτηριδίων
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Tubulointerstitial changes and arteriolar hyalinosis in diabetic kidney disease. Tubulointerstitial changes in diabetic kidney disease. (A) Normal renal cortex. (B) Thickened tubular basement membranes and interstitial widening. (C) Arteriole with an intimal accumulation of hyaline material with significant luminal compromise. (D) Renal tubules and interstitium in advancing diabetic kidney disease, with thickening and wrinkled tubular basement membranes (solid arrows), atrophic tubules (dashed arrow), some containing casts, and interstitial widening with fibrosis and inflammatory cells (dotted arrow). All sections were stained with period acid–Schiff stain. Original magnification, ×200.
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Μετά 12 μήνες ΣΔ -Υπερτροφία ποδοκυττάρων

Ευμεγέθεις ενδοπλασματικό δίκτυο 
και συσκευή Golgi

Εξοίδηση του κυττάρου

Ballooned cytoplasm

Lipid droplets

Ενδομεμβράνη

Μετά 18 μήνες ΣΔ-Ατροφικό ποδοκύτταρο

Ατροφικό κυτταρόπλασμα

Ατροφική ποδοειδής
προσεκβολή



The Korean Journal of Internal Medicine Vol. 32, No. 1, January 2017



ΔΝΝ Φυσιολ.

ΔΝΝ : Πάχυνση ΒΜ Σχέση GBM/ TBM
Σε 35 pts ΣΔT1 απο αυτούς 25 pts με AlbUr <30mg24hΠάχυνση ΒΜ & υπερπλασία του μεσαγγείου 



ΔΝΝ : Yπερπλασία του Μεσαγγείου

Mauer. J Clin Invest. 1984;74:1143-1155

Φυσιολ

2/3 Αύξηση Μεσαγγείου Ουσίας
1/3 Υπερπλασία

Μεσαγγειακών κυττάρων

Παρατηρείται αύξηση της 
μεσαγγείου ουσίας πρώιμα πριν 

την ύπαρξη υπερπλασίας του 
μεσαγγείου
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Presentation Notes
For example, GBMwidth and Vv(Mes/glom) are not highly correlated with oneanother; some patients have relatively marked GBM thickeningwithout much mesangial expansion and others have theConverseMesangial fractional volume [Vv(mes/glom)]total mesangium(matrix/mesg)



Οζώδης & Διάχυτη Σπειραματοσκλήρυνση

Οζώδης σπειραματοσκλήρυνση (βλάβη Kimmelstiel – Wilson)
lesions of global glomerular
sclerosis and arteriolar hyalinosis
in 43 (29 females) IDDM



J Am Soc Nephrol 17: S53–S60, 2006

Renal biopsies from 5 normoalbuminuric pts, 5 microalbuminuric pts, 6 proteinuric pts, & 5 
control subjects were studied by light and electronmicroscopy



Highly characteristic of diabetic nephropathy

1. Υαλίνωση των αρτηριδίων
2. Υπενδοθηλιακές εναποθέσεις υαλίνης(hyaline caps)
3. Τοιχωματικές εναποθέσεις στην κάψα του Bowman

(capsular drops)

Εξιδρωματικές βλάβες ΔΝΝ

Østerby R, Diabetologia. 2002;45(4):542-549

Αντικατάσταση των 
λείων μυϊκών 
κυττάρων των 
αγγείων από

PAS+ve ουσία από 
ανοσοσφαιρίνες , 

αλβουμίνη , 
συμπλήρωμα

& ινική

capsular drop



ΔΝΝ : Συσχέτιση δομικών μεταβολών & 
κλινικών εκδηλώσεων  ???

Caramori ML, Diabetes 51[2]:506-513, 2002

Correlation between mesangial fractional volume[Vv(Mes/glom)] & AER

(r = 0.75; P < 0.001) 

123 patients with type 1 diabetes ( 88 normoalbuminuric(NA), 17 microalbuminuric
(MA), and 19 proteinuric (P)). The shaded area represents the mean ± 2 standard

deviation units in a group of 76 age-matched normal control subjects

Correlation between glomerular basement membrane
(GBM) width and albumin excretion rate (AER)

(r = 0.62; P < 0.001)



DIABETES, VOL. 52, APRIL 2003
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Presentation Notes
Kidney function and biopsy studies wereperformed; 20 kidney donors served as control subjects.Electron microscopic morphometric analysis was usedto estimate numerical density of podocytes per glomerulus[Nv(epi/glom)], filtration slit length density perglomerulus (FSLv/glom), and foot process width (FPW).The number of podocytes per glomerulus (Epi N/glom)was obtained by multiplying Nv(epi/glom) by mean glomerularvolume.







Τhe Volume 
fraction of 
interstitial 

collagen and 
cells per cortical

Tissue

The volume 
fraction of 

tubules which 
were

atrophic (AT)

8 non-uremic type I DM patients  at 5 and 10 years after PTA

5 and 10 years after PTA from the same patient 

advanced 
interstitial 
fibrosis

Less
interstitial 
fibrosis

tubular
atrophy

Less
tubular
atrophy
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Presentation Notes
s. This study quantified tubular,interstitial, and arteriolar parameters in PTA recipients.Kidney function studies and biopsies were performed in eightnon-uremic type I D patients (pts) at 5 and 10 years after PTA.Renal biopsies were analyzed by morphometric analysis. Allpts were normoglycemic and insulin independent andreceived CSA during the studyThere was a reduction in thevolume fraction of interstitial collagen and cells per corticaltissue, measured using electron microscopy, from 5(0.12670.061 and 0.10370.026, respectively) to 10 years(0.07970.031, Po0.05, and 0.07470.018, Po0.05,respectively). The volume fraction of tubules which wereatrophic (AT) was abnormal at 5 years (0.16070.090) anddecreased from 5 to 10 years (0.04470.034, Po0.02),apparently due to AT reabsorption. TPanel a illustrates the 5-year post-PTA renal biopsy specimen. There are areas of advanced interstitial fibrosis (double arrows) and tubularatrophy (single arrows). Note the presence of diffuse and nodular D glomerulopathy. Panel b illustrates the 10-year post-PTA biopsy specimen.There is marked improvement in the interstitial fibrosis compared to panel a. Only a few TBM remnants of ATs remain (single arrow). There is aglobally sclerotic glomerulus surrounded by normal tubules (double arrow). The remaining glomeruli show almost complete resolution of Dglomerular changes compared to panel a. Panel c: This photomicrograph of the10-year post-PTA biopsy illustrates three glomeruli: the centralglomerulus is nearly normal; the globally sclerotic glomerulus on the left contains intensely PAS-positive staining basement membrane andmesangial matrix materials, and is surrounded by intact Bowman’s capsule, ATs, and interstitial fibrosis. The glomerulus on the right is alsoglobally sclerotic, but with much less PAS positivity in the extracellular matrix staining and nearly absent Bowman’s capsule. The tubulessurrounding this pale sclerotic glomerulus are normal, but for a small TBM remnant PAS, original magnification  150.



.
Gerich JE. Diabet Med. 2010;27:136-142.

• Συνεισφορά
≈20%–25% της 
συνολικής
παραγωγής γλυκόζης 
νηστείας μέσω 
γλυκονεογένεσης

• Εξαρτάται από την 
οξείδωση των ΕΛΟ

1.Παραγωγή γλυκόζης 
στο Νεφρικό Φλοιό

• Υπολογίζεται ≈10% της 
συνολικά παραγόμενης
γλυκόζης σε συνθήκες 

νηστείας

2. O καταβολισμός της 
γλυκόζης στο Νεφρικό Μυελό

• Επαναφορά της 
γλυκόζης στη 
κυκλοφορία από το 
σπειραματικό διήθημα

• Απαιτείται η 
κατανάλωση ενέργειας 
στο ΕΣΑ

3. Επαναρρόφηση της 
γλυκόζης στους Νεφρώνες

Glucose  
reabsorbed 
≈180 g/day

Glucose 
filtered 

≈180 g/day

Σε φυσιολογικές συνθήκες

Ο ρόλος του νεφρού στο μεταβολισμό της γλυκόζης

20
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Presentation Notes
The human kidney contributes to the body’s regulation of glucose through three primary mechanisms: glucose production, utilization, and filtration/reabsorption.With respect to glucose production, the liver and kidneys provide roughly equal amounts of glucose via gluconeogenesis in the post-absorptive state. After an overnight fast, 75%–80% of glucose released into the circulation is derived from the liver and the remaining 20%–25% is derived from the kidneys.In terms of glucose utilization, after an overnight fast, the kidneys utilize roughly 10% of all glucose used by the body. The metabolic fate of glucose is altered in various regions of the kidney. The renal medulla (with low levels of oxidative enzymes) is an obligate user of glucose for its energy, doing so anaerobically and producing lactate.Finally, the kidney can also influence glucose balance by returning glucose to the circulation via reabsorption of glucose from glomerular filtrate. Normally, approximately 180 L of plasma are filtered by the kidney each day. Because the average plasma glucose concentration throughout a 24-hour period is 100 mg/dL, approximately 180 g of glucose are filtered per day. Thus, changes in renal tubular glucose reabsorption may be expected to have appreciable impact on glucose homeostasis.



Διήθηση και επαναρρόφηση της γλυκόζης

SGLT2
Glucose

ΕΣΑ

Ελάχιστη αποβολή 
γλυκόζης

Διήθηση της γλυκόζης

H πλειονότητα (90%) της 
επαναρρόφησης της 

γλυκόζης γίνεται από τον 
SGLT2

Το υπολειπόμενο
ποσό της γλυκόζης  (10%)
επαναρροφάται από τους 

SGLT1

1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10–18;
2. Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35; 

3. Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21.

Presenter
Presentation Notes
In the normal kidney, the vast majority of glucose is reabsorbed through the action of SGLT2 in the proximal tubule. Any glucose that isn’t reabsorbed by SGLT2 is reabsorbed by SGLT1. Together, both sodium–glucose transport proteins reabsorb virtually all glucose so that there is minimal or no urinary excretionReferences:Wright EM. Renal Na(+)-glucose cotransporters. Am J Physiol Renal Physiol 2001;280:F10–18.Lee YJ, et al. Regulatory mechanisms of Na(+)/glucose cotransporters in renal proximal tubule cells. Kidney Int Suppl 2007;106:S27–35.



SGLT-2=sodium-glucose cotransporter-2; GLUT=facilitative glucose transporter; ATPase=adenosine-5’-triphosphotase.
1. Zhao FQ et al. Curr Genomics. 2007;8:113-128. 

2. Asano T et al. Curr Med Chem. 2004;11:2717-2724.
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Πρωτεϊνικές δομές στη μεμβράνη ρυθμίζουν τη 
διακυτταρική μεταφορά της γλυκόζης 
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Presentation Notes
Now let’s take a closer look at glucose transport across the proximal tubule of a nephron. Glucose can only be transported across cellular membranes with the aid of facilitative glucose transporters.Two major classes of glucose transporters allow movement of glucose across cell membranes in mammals. The facilitative glucose transporters (GLUTs) are driven by the downward glucose concentration gradient across the plasma membrane, and sodium-glucose cotransporters (SGLTs) are driven by the sodium gradient created by the active sodium-potassium adenosine-5’-triphosphatase (ATPase) pump. In the proximal convoluted tubules of the kidney, glucose is either absorbed or reabsorbed against its gradient by the sodium concentration gradient established by the sodium-potassium ATPase pump.The passive, bidirectional glucose transport process is mediated by the GLUT family. Thirteen members of this family have been identified, GLUT1–12 and HMIT (H+/myoinositol transporter), plus four pseudogenes. GLUT1 is widespread throughout the body, including the kidney, where it functions to provide glucose uptake and transport across blood tissue barriers. GLUT2 is expressed in the kidneys, pancreas, liver, and gastrointestinal tract. Some GLUTs are responsive to insulin, and others function in an insulin-independent manner.The active, unidirectional sodium-dependent glucose transport process is mediated by the family of sodium-glucose cotransporters (SGLTs). Six members of this family have been identified, but only SGLT-1 and SGLT-2 are well characterized. SGLT-1 is present in the brush border of the small intestine, where it functions primarily in absorption of glucose from the intestinal lumen. SGLT-2 expression is limited to S1 and S2 segments of the proximal tubules of the kidney, where it plays a dominant role in the reabsorption of glucose from the glomerular filtrate. SGLT activity is not insulin dependent. 



Η επίδραση της υπεργλυκαιμίας στην νεφρική ουδό (Τm) 
επαναρρόφησης της γλυκόζης σε ΣΔΤ1 και ΣΔΤ2

Τόσο σε ΣΔΤ1 όσο και
σε ΣΔΤ2 το Tmax ↑



GLUT2 AMG Uptake

NGT T2DM NGT T2DM

AMG=methyl-a-D-[U14C]-glucopyranoside; CPM=counts per minute.
Rahmoune H, et al. Diabetes. 2005;54:3427-3434.
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Αυξημένη έκφραση και δραστηριότητα των πρωτεϊνών 
μεταφοράς της γλυκόζης στο ΣΔΤ2  

P<0.05

4

P<0.05

P<0.05

glucose analogue
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Presentation Notes
Human exfoliated proximal tubular epithelial cells (HEPTECs), which can be isolated from urine, continue to express a variety of proximal tubular markers, including SGLT2 through several subsequent subcultures.In this study, HEPTECs isolated from individuals with NGT and type 2 diabetes were cultured in a hyperglycemic environment. As shown in the left graph, the cells from the type 2 diabetes patients expressed significantly more SGLT2 and GLUT2 proteins than cells from NGT individuals. In addition, renal glucose uptake, measured using the glucose analogue methyl-α-D-[U14C]-glucopyranoside (AMG), was significantly greater in the type 2 diabetes HEPTECs than the NGT cells.These findings demonstrate that type 2 diabetes is associated with increases in renal glucose transporter expression and activity.	Rahmoune H, Thompson PW, Ward JM, Smith CD, Hong G, Brown J. Glucose transporters 	in human renal proximal tubular cells isolated from the urine of patients with non-insulin-	dependent diabetes. Diabetes. 2005;54:3427-3434.



Glucose 
excretion

Gl
uc

os
e 

flu
x

Plasma glucose (mg/dL)

SGLT2, sodium glucose cotransporter 2; T2D, Type 2 Diabetes; Tmax, transport maximum. 
Nair S, Wilding JPH. J Clin Endocrinol Metab. 2010;95:34–42. 

Renal glucose re-absorption and excretion 

Tmax είναι το μέγιστο σημείο 
επαναρρόφησης για τη γλυκόζη
(maximum glucose re-absorption)

Η ποσότητα του διηθούμενου 
φορτίου γλυκόζης αυξάνει ανάλογα 
με τα επίπεδα της στο αίμα

...ελαττώνοντας την αποβαλλόμενη 
ποσότητα γλυκόζης για το
αντίστοιχο επίπεδο στο αίμα

Πάνω από ένα συγκεκριμένο 
επίπεδο γλυκόζης στο αίμα, η 
γλυκόζη εμφανίζεται στα ούρα 

Glucose 
filtration

Η επαναρρόφηση της γλυκόζης 
αυξάνεται στο ΣΔΤ2...

Tmax

Οι SGLT2inh μειώνουν την ποσότητα 
της γλυκόζης η οποία δύναται να 
απορροφηθεί δηλ. μείωση του  Tmax

Αύξηση στην αποβολή της γλυκόζης  

0 90 180 270 360 450 540

Glucose 
re-absorption

Glucose 
re-absorption 

on SGLT2 
inhibition
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Presentation Notes
As the level of glucose in the blood rises, the amount of Glucose which is filtered in the kidney increase (yellow). The re-absorption rate progressively increases up to the point marked Tmax (red line). At plasma glucose concentrations below this level, all the filtered glucose is re-absorbed (observe that the ‘filtered’ and ‘re-absorbed’ curves are superimposed below this point. As the filtered and re-absorption curves separate, the point marked ‘threshold’ is reached, and the body starts to excrete glucose into the urine (green line) (i.e. as the plasma glucose concentration rises, there comes a point where the maximum re-absorptive capacity of the proximal tubule is exceeded). Above this point, the ‘excreted’ curve rises with increasing plasma glucose concentration. In T2D the Tmax is slightly increased due to up regulation of SGLT2, therefore the renal Glucose excretion is shifted to the right (green line). Inhibition of SGLT2 changes the titration curve of renal glucose absorption. SGLT2 inhibition lowers the Tm – the maximum re-absorptive capacity of the proximal tubule – and such an individual will start to renally excrete up to 80 g glucose per day (see graph). As the Tm is lowered, the excreted curve is left shifted and also the threshold where Glucose will occur in the urine is shifted to a hypoglycaemic range. 



EMPA, empagliflozin; HbA1c, glycosylated haemoglobin; SE, standard error; SITA, sitagliptin.
ANCOVA in FAS (LOCF).
Roden M, et al. ADA 2014, Abstract 264-OR.

52-week extension of empagliflozin monotherapy versus placebo and sitagliptin
Change from baseline in HbA1c at Week 76

Empagliflozin
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Placebo EMPA 10 mg EMPA 25 mg SITA 100 mg

Mean baseline 
HbA1c (%) 7.91 7.87 7.86 7.85

p < 0.001

p < 0.001

p < 0.001

p = 0.131

p = 0.005

Comparison with
placebo and sitagliptin

Presenter
Presentation Notes
 



-4

-3

-2

-1

0

1

2

Ad
ju

st
ed

 m
ea

n 
(9

5%
 C

I) 
ch

an
ge

 fr
om

 
ba

se
lin

e 
in

 b
od

y 
w

ei
gh

t (
kg

)

Glimepiride Empagliflozin 25 mg QD

12 28 52 78 104

Week
-4.6 kg

(95% CI:
-5.0, -4.2)

p < 0.0001

EM
PA-REG

 H2H-SU
™

: study 1245.28
104-week study with empagliflozin H2H versus glimepiride 
Change in body weight over time

CI, confidence interval; H2H, head-to-head; QD, once daily; SE, standard error.
MMRM. FAS (OC).
Ridderstråle M, et al. Lancet Diabetes Endocrinol. 2014;2:691‒700.

Analysed patients
Glimepiride 745 743 703 610 526 462

Empagliflozin 739 737 706 643 595 555

Presenter
Presentation Notes
Observed cases means data observed before anti-diabetic rescue medication. 



Physiologic mechanisms implicated in the 
cardiovascular and renal protection with 
SGLT2 inhibition

David Z .Circulation. 2016;134:752–772. 28
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NOT FOR COMMERCIAL USE

Empagliflozin reduced CV events
CV death, non-fatal MI, or non-fatal stroke

Zinman B et al. N Engl J Med 2015; DOI: 10.1056/NEJMoa1504720 

Months

Pa
tie

nt
s 
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ith

ev
en

t(
%

)

HR 0.86 
95.02% CI (0.74, 0.99)

P < 0.001 for non-inferiority
p=0.04 for superiority

Placebo

Empagliflozi
n

No. of patients

Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370

Placebo 2333 2256 2194 2112 1875 1380 1161 741 166

PBO EMPA HR P NNT3

CV death, MI, stroke (%) 12.1 10.5 0.86 0.04 63

CV deaths (%) 5.9 3.7 0.62 <0.001 46

Nonfatal MI (%) 5.2 4.5 0.87 0.22

Nonfatal stroke (%) 2.6 3.2 1.24 0.16

Hosp. heart failure (%) 4.1 2.7 0.65 0.002 72

All-cause mortality (%) 8.3 5.7 0.68 <0.001 39

2018 Diabetes Canada CPG – Chapter 13.  Pharmacologic Glycemic Management of Type 2 Diabetes 
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Presentation Notes
The EMPA-REG outcome study included 7020 people with type 2 diabetes and clinical cardiovascular disease.  Those treated with empagliflozin had significantly fewer cardiovascular events compared to placebo after 3.1 years of followup, which was driven by a significant decrease in cardiovascular mortality as nonfatal events were not significantly reduced.N Engl J Med. 2015 Nov 26;373(22):2117-28. doi: 10.1056/NEJMoa1504720. Epub 2015 Sep 17.Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes.Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins T, Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME Investigators.Collaborators (705)AbstractBACKGROUND: The effects of empagliflozin, an inhibitor of sodium-glucose cotransporter 2, in addition to standard care, on cardiovascular morbidity and mortality in patients with type 2 diabetes at high cardiovascular risk are not known.METHODS: We randomly assigned patients to receive 10 mg or 25 mg of empagliflozin or placebo once daily. The primary composite outcome was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, as analyzed in the pooled empagliflozin group versus the placebo group. The key secondary composite outcome was the primary outcome plus hospitalization for unstable angina.RESULTS: A total of 7020 patients were treated (median observation time, 3.1 years). The primary outcome occurred in 490 of 4687 patients (10.5%) in the pooled empagliflozin group and in 282 of 2333 patients (12.1%) in the placebo group (hazard ratio in the empagliflozin group, 0.86; 95.02% confidence interval, 0.74 to 0.99; P=0.04 for superiority). There were no significant between-group differences in the rates of myocardial infarction or stroke, but in the empagliflozin group there were significantly lower rates of death from cardiovascular causes (3.7%, vs. 5.9% in the placebo group; 38% relative risk reduction), hospitalization for heart failure (2.7% and 4.1%, respectively; 35% relative risk reduction), and death from any cause (5.7% and 8.3%, respectively; 32% relative risk reduction). There was no significant between-group difference in the key secondary outcome (P=0.08 for superiority). Among patients receiving empagliflozin, there was an increased rate of genital infection but no increase in other adverse events.CONCLUSIONS: Patients with type 2 diabetes at high risk for cardiovascular events who received empagliflozin, as compared with placebo, had a lower rate of the primary composite cardiovascular outcome and of death from any cause when the study drug was added to standard care. (Funded by Boehringer Ingelheim and Eli Lilly; EMPA-REG OUTCOME ClinicalTrials.gov number, NCT01131676.).



Effects of SGLT2 inhibitors on all-cause death (top) and cardiovascular death (bottom). 

Xin-Lin Zhang et al. J Am Heart Assoc 2018;7:e007165
© 2018 Xin-Lin Zhang et al.

Effects of SGLT2 inhibitors on progression of albuminuria. 
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Presentation Notes
Effects of SGLT2 inhibitors on all‐cause death (top) and cardiovascular death (bottom). CI indicates confidence interval; CANVAS, Canagliflozin Cardiovascular Assessment Study trial; CVD‐REAL, the Comparative Effectiveness of Cardiovascular Outcomes in New Users of SGLT‐2 Inhibitors study; EASEL, the evidence for cardiovascular outcomes with sodium glucose co‐transporter 2 inhibitors in the real world study; EMPA‐REG OUTCOME, BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; HR, hazard ratio; SGLT2, sodium–glucose cotransporter 2.
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