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BBeaeHue

[nabetnyeckas 6omnesHb NoYek— NporpeccupyroLlliee rnopaxeHne novek npu
caxapHoM aunabeTte, conpoBoXxaatolleeca PopMmMpoBaHNEM Y3ENKOBOIro UMnu
ONPdPy3HOro rmomMepynocknepos3a, NpuBoasLLIErO K pa3BUTUID TEPMUHATIbHOW
NoYye4yHON HEeOOCTAaTOYHOCTU U HEODXOOAMMOCTU NPUMEHEHUA METOLOOB
3aMeCTUTENbHOU NOYe4YHOU Tepanuu.
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Tme from onset
ofdiabetes, years | 10 15 20

Microalbummurna Microalbumimuria
(30—299 mg/24 h) (>300 mg/24 h)

GFR. mL/mm 120 150 150
Serum creatmme mg/dL 10 08 038
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CucrtemHas aprtepuanbHas
rmnepTeH3nd. VK £PDS.

JI¥® naumeHToB C aprTepuanbHOWM TUNEPTEH3NEN WU CcaxapHbIM
nnabetom & tuna (cpenHur Bo3pacT $6 neT, cpeaHee apTepuanbHOe
[aBneHue npu nocrtynneHum 1686/9% Mm pT. CT.)

 #$® naumeHTOB ObLINM pacnpegeneHbl Ha XECTKUN KOHTPOIb
apTepuanbHoro aasneHnss n 390 nauueHTOB Ha MeHee XEeCTKUM
KOHTPOSIb C MeanaHou HabnogeHnsa okono & ner.
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HO He ABngeTcd ee NpeauKTopoMm.
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Table 1 Some of the genes implicated in the susceptibility and/or
progression of diabetic nephropathy (modified after 12)

Gene

(Gene variant

Promoter of RAGE
Histocompatibility antigen
Angiotensin-converting €enzyme
Angiotensinogen

Aldose reductase
Transforming growth factor 1
Apolipoprotein E

Paraoxonase 1

Interleukin 13

Atrial natriuretic peptide
Glucose transporter 1
Mannose-binding lectin

63-bp deletion (decreased risk)
DR3/4

D/1
M235T

Z + 2 alleles

LeulOPro, Arg25Pro
e2 allele

T107C, Leu54Met
T105C

C708T
Xbal/Haclll

YA/YA, XA/YA

NEW (NSIGHTS INTO THE
PATHOPHYSIOLOGY OF DIABETIC
NEPHROPATHY: FROM HAEMODYNAMICS
TO MOLECULAR PATHOLOGY 6. WOLF
VNIVERSITY OF HAMBURG, HAMBURG,
GERMANY~ EVROPEAN TOVRNAL OF
CLinicat Tnvesnioatrion (200t 3%,
+8S-79




1. Gluwse

L. hpowme wg motHal 3 - gw e enoko3A



ObLwme gaHHble No natoreHesy [H

). [nomepynapHaga rmnepTpodous u
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Table 2 Renal structural abnormalities found in diabetic
nephropathy

Mesangial expansion

Glomerulosclerosis (diffuse, nodular)

Fibrin cap lesion

Capsular drop lesion

Basement membrane thickening (glomerular and tubular)

Endothelial foam cells

Podocyte abnormalities

Armanni-Ebstein cells (proximal tubules stuffed with glycogen)
Tubular atrophy

Interstitial inflammation

Interstitial fibrosis

Arteriosclerosis

NEW (NSIGHTS INTO THE PATHOPHYSIOLOGY OF DIABETIC NEPHROPATHY: FROM HAEMODYNAMICS TO

MOLECULAR PATHOLOGY 6. WOLF VNIVERSITY OF HAMBURG, HAMBURG, GERMANY~ EUVROPEAN
TOVRNAL OF CLINICAL TNVESTIGATION (200 B¢ 385-796
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Hyperglycemia +«——— (Genetic Background
Intracellular Signaling and Glycation and Glomerular
Metabolism Oxidative stress Hyperfiltration & Hypertension
Activation of Polyol Pathway and Reactive Oxygen Species (ROS) and Shear Stress and
CT py KTyp H bl e M 3 M e H e H VI ﬂ Protein Kinase C Advanced Glycation End-product Mechanical Stretch

(AGEs)

Obesity and Adipokines l Circulating Inflammatory Cells

H a py L|J e H I/I ﬂ Inflammation Pathways

Kidney cells (endothelial, mesangial, tubular cells and podocytes)

reMogMHaMmKn | |

Toll-like receptors ——  Transcription factors | Ligands for Nuclear

( rl/l rl e p (b |/| ﬂ bT p a L|| |/| ;I |/| (Nuclear factor x-B) Receptors
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FI/I ﬂ e p n e p be3 I/I ﬂ) Proinflammatory Cytokines Chemokines and Adhesion Molecules
! !

Renal Infiltration of Inflammatory Cells (Monocytes and Lymphocytes)

|

Proteinuria <+——— Diabetic nephropathy

.

Expansion of Extracellular Matrix, Glomerulosclerosis and Interstitial Fibrosis

TNELAMMATION AND THE PATHOGENESIS OF DIABETIC NEPHROPATHY. TuN WADA AND HIROFVMI MAKING. DEPARTMENT OF MEDICINE AND CLINICAL SCIENCE,
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Podocyte Glomerular basement Fenestrated Mesangial cell
membrane endothelial cell s with matrix

Foot processes Filtration slit  Capillary lumen
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VORMAL ULTRASTRUCTURE OF THE RENAL GLOMERVLAR AREA AND NODVLAR

GLOMERVLOSCLEROSIS UITH DIFFVYSE MESANGIAL MATRIX EXPANSION AND OBM TWICKENING
(B). (REPRINTED, WITH PERMISSION, FROM NISHI S, VENO M, HISAK! S, ET AL.
ULTRASTRUCTURAL CHARACTERISTICS OF DIABETIC NEVROPATHY. MED ELECTRON Microse 2000;
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: a To K M H 5 ! g 5 OL ﬂ A ﬁ u Te ﬁ ‘ H ﬁ e. Table 1 Inflammatory molecules in diabetic nephropathy

Category Molecule

Transcription factors NF-«xB

Pro-inflammatory IL-6
cytokines and IL-18

Capture Rolling | Slow Firm adhesion signalling molectles 4

(tethenng) rolling and arrest i

JAK2 and STAT-1, -3 and -5
. O Q O Chemokines CCL2 (MCP-1) and CCR2

CXCL12 (stromal-cell-derived factor-1)
CX3CL1 (fractalkine) and CX3CR1

Adhesion molecules Intercellular adhesion molecule 1 (ICAM1)

J( CP J Vascular cell adhesion protein 1 (VCAM1)

E-selectin (SELE)

Selectin E, Selectm P ICAM1 VCAM1 TLRs TLR2
TLR4

Chemokines (CCL2) Adipokines Adiponectin
Q Leptin
Nuclear receptors VDR
Transmigration NR1H4 (FXR)
PPAR«
PPARy
PPARS

Activated Endothelial Cells
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High glucose
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ANG Il «<— Proteinuria

Cytokines (TGF-3, VEGF, MCP-1) —

o

i

I Inflammation

Tissue destruction
Fibrosis
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OKAYAMA VNIVERSITY GRADVATE SCHOOL OF MEDICINE,
DENTISTRY AND PHARMACEVTICAL SCIENCES, OKAYAMA
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VicchegoBaHne gencTtBUga Kantornpuia B
cCpaBHEHUM C nnauebo

B0 KNMUHNYECKUX LIEHTPOB, ABe
rpynnbl NaunUeHToB: nepBas

Table 2. Outcome Events in Patients with Diabetic Nephropathy

NPUHMMana Kantonpun B O0O3€ &$ Mr in the Captopril and Placebo Groups.
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Percentage with Doubling
of Base-Line Creatinine

Placebo
Captopril
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Placebo 202 198 192 186 171 121 100 59 26
Captopril 207 207 204 201 195 140 103 64 37

Lewts, EDMUND T.; HUNSICKER, LAWRENCE &.; BAIN, RAYMOND £; ROHDE, RicHARD D (1998). Tie ErrecT
OF BNOIOTENSIN-CONVERTING—ENSYME TWHIBITION ON DIABETIC MNEPHROPATHY. NEW ENGLAND TOVRNAL OF

MEDICINE B329(208) 1486-1¥62. DOI:10.)OS6/NETMIFTBNNIB292004
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nopaxeHnn noykn npu [IH nocne TpaHcnnaHTauun
NOXKEeNnyago4HOW Keresbl

TABLE 1. DEMOGRAPHIC CHARACTERISTICS AND MEASURES OF RENAL FUNCTION AT BASE LINE
AND 1, 5, AND 10 YEARS AFTER PANCREAS TRANSPLANTATION IN PATIENTS WITH TYPE 1 DIABETES.

DURATION OF
PATIENT NoO. AGE AT DIABETES AT

AND SEX BASE LINE BASE LINE URINARY ALBUMIN EXCRETION CREATININE CLEARANCE
BASE

LINE 5 YR 10 Yyr 1 YR 5 YR 10 YR
FIORETTO, PAOLA; STEFFES, MICHAEL W,;

SUTHERLAND, DAVID E.R.; GOETZ, FREDERICK C.;
Maver, MicHAEL (1998). ReVvERSAL OF LESIONS
OF DIABETIC NEPHROPATHY AFTER PANCREAS
/M 0 138 75 82 83 TRANSPLANTATION. NEW ENGLAND TOVRNAL OF

2/F ' 23 113 71 68 MEDICINE 339(2)

3/F . 43 101 61 9] 69-2S. Dol:10.10S6/NETM)I19807093890202
4/F 6 116 86 91 78

5/M 48 128 61 90 89

6/ F 155 18 84 49 e 50

7/F . 126 20 110 54 72 67

8/F 40 176 78 65 68 67

Mean *=SD 30*% 20*} 10820 65F12§ 74=16§ 74148

mimin/1.73 m2



TABLE 2. MEASURES OF RENAL STRUCTURE AT BASE LINE AND 5 AND 10 YEARS
AFTER PANCREAS TRANSPLANTATION IN PATIENTS WITH TYPE 1 DIABETES.*

IVIESANGIAL-
THICKNESS OF THICKNESS IMEESANGIAL MATRIX MESANGIAL-CELL
GLOMERULAR OF TUBULAR FRACTIONAL FRACTIONAL FRACTIONAL MEAN

BASEMENT BASEMENT VOLUME PER VOLUME PER VOLUME PER GLOMERULAR
IVIEMBRANE IVIEMBRANE GLOMERULUS GLOMERULUS GLOMERULUS VOLUME

X108 uum?

Base line 594 +81 911*133 0.33+0.08 0.18+0.05 0.10+0.03 2.1470.62
o Yr 570*64 928*+173 0.39%0.10 0.22+0.07 0.12+0.04 1.73%0.38
10 Yr 404 *+38 690*111 0.273+0.02 0.14+0.02 0.10+0.02 1.50=0.36

P VALUES FROM PAIRED T-TESTS

Base line vs. 5 yr 0.32 0.69 0.02 0.07
Base line vs. 10 yr <0.001 0.004 0.05 0.06
5 Yrvs. 10 yr <0.001 0.005 0.006 0.009

*Plus—minus values are means +=SD.




PHOTOMICROGRAPHS OF RENAL-BIOPSY SPECIMENS OBTAINED BEFORE AND
AFTER PANCREAS TRANSPLANTATION FROM A BB-YEArR-OLD WomMaN witH
TYPE ) DIABETES OF 17 YEARS' DURATION AT THE TIME OF TRANSPLANTATION
(Psembcc Acw—S‘cmn-')
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Prognosis of CKD by GFR and albuminuria category

Persistent albuminuria categories
Description and range

A1 A2 A3
Prognosis of CKD by GFR and Normal to mildly ~ Moderately Severely
albuminurla categorles: KDIGO 2012 Increased Increased Increased

<30 mg/g 30-300 mg/g  >300 mg/g
<3 mg/mmol  3-30 mg/mmol >30 mg/mmol

2

Normal or high

0

Mildly decreased

Mildly to
moder ately decreased

2

Moderately to
severely decreased
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Kidney faillure <15

Green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk; orange, high
risk; red, very high risk.



Diabetes duration Stage

Clinical features Prognosis

Since disease onset 1: Increased GFR, renal
hypertrophy

GFR increased to 160 Potentially reversible
mL/min/1.73 m2, Kidney

enlargement (20%) and

increase in renal plasma flow

(10%-15%), no albuminuria or

hypertension

2-5 years 2: Onset of histologic changes,
altered structure and function of
basement membrane

Thickening and altered electrical May be partially reversible
charge of basement membrane,

mesangial proliferation, normal

GFR, no albuminuria, no clinical

symptoms

5-10 (15) years 3: Early clinical nephropathy

Albuminuria 30-300 mg/24 h, Lesion progression may be
GFR reduced from 160 to 130 stopped, sometimes reversible
mL/min/1.73 m?, £ HTN

10 (15)-25 years 4: Overt nephropathy

Persistent and irreversible Lesion progression may be
proteinuria, GFR <60 slowed and sometimes stopped

mL/min/1.73 m?2 and sustained

HTN, edema, dyslipidemia

>15 years 5: Renal failure

End-stage kidney disease with  Irreversible progression to end-
GFR <15 mL/min/1.73 m2, HTN stage renal failure

Based on Diabetes. 1983;32 Suppl 2:64-78.

GFR, glomerular filtration rate; HTN, hypertension.




Class

Description and criteria

Mild or nonspecific changes on light microscopy and
conformed GBM thickening proven by electron

microscopy: GBM > 395 nm (female), GBM > 430 nm
(male).

I1la

Mild mesangial expansion in >25% of the observed
mesangium;
area of mesangial proliferation < area of capillary cavity.

11b

Severe mesangial expansion in >235% of the observed
mesangium.
Area of mesangial proliferation < area of capillary cavity.

111

At least one convincing nodular sclerosis
(Kimmelstiel-Wilson lesion).

1V

Advanced diabetic glomerulosclerosis in >350% of
glomeruli.




CoBpeMeHHasa Krnaccudukauus

ALBUMINURIA CATEGORIES IN CKD

ACR (approximate equivalent)

AER I 27 0 £ D PR e . i S
(mg/24 h) (mg/mmol) (mg/q) Terms

Al <30 <3 <30 Normal to mildly increased
A2 30-300 3-30 30-300 Moderately increased®
A3 >300 >30 >300 Severely increased”

ACR, albumin-creatinine ratio; AER, albumin excretion rate; CKD, chronic kidney disease.
®Relative to young-adult level.
®Including nephrotic syndrome (AER usually >2200 mg/24 h [ACR >2200 mg/g; >220 mg/mmol]).
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DIABETES MANAGEMENT (N CHRONIC

CKd COOTHOLLEeHne

anbbyMnH/KpeaTUHUH
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<60 MN/MNH/).?8 ve




KoMmnnekcHaa Ttepanud

Some
patients

Antiplatelet
therapies

-0 - O
95 55
SGLT2 RAS

inhibitors blockade
All

." - I KDIGO 2020 CLINICAL PRACTICE GUIDELINE FOR
% @&?‘J d b patients DIABETES MANAGEMENT (N CHRONIC
<O Blood ‘ ’l

Glycemic pressure Lipid
control control management
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Nu.tr tion Smoking cessation
Diabetes with CKD




Lifestyle therapy 'J::I':'z:vlty

Welght loss

~r
-

Metformin SGLT2 inhibitor
First-line

“  therapy Z(:';R a :G;OR % Dialysis 4 a sti)R % Dialysis

Reduce dose Discontinue Discontinue Do not initiate Discontinue

GLP-1 receptor agonist
(preferred) « Guided by patient preferences,
Rl comorbidities, eGFR, and cost

DPP-4 Inhibitor  Insulin - Includes patients with eGFR
Additional drug therapy as 30 ks fier 173 2 e

needed for glycemic control Sulfonylurea TZD gested with dialysis
AIphe e kinse inhibwenl - °c¢ aure 20

KDIGO 2020 CLINICAL PRACTICE GVIDELINE FOR
DIABETES MANAGEMENT (N CHRONIC




Initiate ACEi or ARB

il Monitor serum creatinine and potassium N
~ (within 2-4 weeks after starting or changing dose)

Normokalemia Hyperkalemia > 30% increase

in creatinine KDIGO 2020 CLINICAL PRACTICE
| GUIDELINE FOR
< 30% increase DIABETES MANAGEMENT (N CHRONIC
in creatinine KibNEY DISEASE, 2020

Increase dose of ACEi or ARB « Review concurrent drugs « Review for causes of AKI
~ orcontinue on maximally » Moderate potassium intake » Correct volume depletion
tolerated dose « Consider: » Reassess concomitant medications
' - diuretics (e.g., diuretics, NSAIDs)

- sodium bicarbonate « Consider renal artery stenosis
- Gl cation exchangers

Reduce dose or stop ACEi or ARB as last resort




~ eGFR <30 re Stop metformin; do not initiate metformin

No

eGFR = 60 eGFR 45-59 eGFR 30-44

Immediate release:

« Initial 500 mg or 850 mg once daily
« Titrate upwards by 500 mg/d or 850 mg/d

every 7 days until maximum dose
Initiate at half the dose

Dose initiation OR and titrate “"Y"’“’S t° KDIGO 2020 CLINICAL PRACTICE GUIDELINE
half of maximum i

Extended release: recommended dose DIABETES MANAGEMENT IN CHRONIC KIDNEY
« If Gl side effects from immediate release DiseAsE, 2020
« Initial 500 mg daily
« Titrate upwards by 500 mg/d every 7 days
until maximum dose

Monitor
vitamin B12 Annually if on metformin for more than 4 years or at risk of vitamin B12 deficiency

Monitor
kidney
function

At least annually At least every 3-6 months

eGFR = 60 eGFR 45-59 eGFR 30-44

Subsequent Continue Continue same dose. Halve the dose

dose adjustment same dose Consider dose reduction in
certain conditions (see text)




S1 segment proximal tubule:
~90% of renal glucose reabsorption

B'OOd Renal

Proximal

basolateral Tubule

Glucose €= GLUT2 =

reabsorption

apical / tubwlar

Na

~90% of glucose
filtered reabsorption

’K " Glucose 1

SGLT-2
inhibitors




EMPA-REG OVTCOME

N3yyeHune BnmsaHUA dmnarnndrnosnHa B Aose 18 vnn &% mr ) pas AeHb B
CpaBHEHUN C nNnauedbo Ha cepaeyYyHO-CcocyaucTyo 3aboneBaemMocTb 1 CMEPTHOCTb
NaLuMeHTOB C BbICOKMM PUCKOM CepaevYHO-cocyaucTbix cobbiTnin.B 2018
roay 3Tu gaHHble ObiNM NpeactaBrieHbl Ha $1-1 ExxerogHon KoOHpepeHUnm
EBponenckon accoumauunm rno n3y4yeHuto caxapHoro anadera B CTOKrosibMme,
LLiBeumns, n onyonmukoBaHbl B XYPHANE « THE NEW ENGLAND TOURNAL

OF MEDICINE>

icxoOHble XapakTepUCTUKU NnaunueHToB: cpeaHun Bo3pacTt 63 rona; cpeaHee CAL
138 1 ALl ##+ MM, pT. CT; cpeaHas npopomkmntenbHocTb Cll & Tuna >10 ner;
ncxogHass CK® 66 n <96 mn/mnu/).»3 ve, #0620 naumeHTa ¢ yCTaHOBMNEHHbIM
CG3

CpeoHun nepuon HabnogeHuns 3.) ropa



CANVAS

[Iporpamma €ANVAS oObegnHSET OBa HEMNOCTPEACTBEHHO COMOCTaBUMbIX
PaHOOMWUHU3NPOBAHHbIX MnaLedbo-KOHTpoNupyemblx uccrnegosaHna CANVAS 1«
CANVAS-R. ViccnepoBaHne €AMNVAS Obino Ha4yaTo B Aekabpe 609 r. 0o
0go0peHna KaHarnmdnosnHa K npumeHeHunto AgmmnHuctpaumen CLUA no
KOHTPOJIIO 3a Ka4eCTBOM MULLEBBLIX NPOAYKTOB M NEKAPCTBEHHbLIX MpenapaTtos.
NccnenoBaHne C€ANVAS—-R Obifio HayaTto B 281t . U B Xo4e ero BbiNoSIHEHUS

npeanonaranocb OLEHUTb TakKe BIUAHUE MPUMEHEHNSA KaHarnmdosnHa Ha
Bblpa)X€HHOCTb anbOyMUHYpUn.

Bbinu BkntoveHsb! 18 1%e nauveHta ¢ Cl& Tuna, nmesBwwne yctaHosneHHoe CC3

(6S,6%) n daxkTopbl pUcka ero pa3suTus (B'%,%%), KoTopble nonyyanu NUéo
KaHarnndpnosnH B Jo3e 360 mr nndo nnayebo ogmH pas B AeHb

[MauneHTbl ¢ HBA) c #-10,8 % n CKO > 38 Mn/MuH/,#?8 me



DECLARE-TIME S¥

MynbTHaUMoHanbHOE NPOCNeKTUBHOE paHOOMUHU3UPOBAHHOE
NBOWHOE Ccrenoe nnauedbo-KoHTpoNMMpyemMmoe nuccrnegoBaHue
naymeHTtoB ¢ Cll& tuna n yctaHoBneHHbiMn CC3 mnnu
MHOXXECTBEHHbIMU paKTOpMana mu3 pasBuUTus
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