Clinical characteristics of
diabetic nephropathy




WES

O]

o

E AT
| -

s AMotet ZR0= o

iy NYE AT
o

7A)
(L

3.



Diabetes is a huge and growing problem, and the costs
to society are high and escalating
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Figure 2.2 Prevalence (%) of people with diabetes by age
and sex, 2013
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Prevalence of diabetes in Korea
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End stage renal disease in Korea

1446.4 patients per million population
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Current Renal Replacement Therapy in Korea

- Insan Memorial Dialysis Registry, 2013 -
ESRD Registry Committee, Korean Society of Nephrology



Survival of ESRD patients

100

KOREAN ESRD

80 REGISTRY
- GN
(=]
S 60 HTN
- Misc
g == DM
E 1yr:93.4%
3 40 3yr:74.0%
)] 5yr:56.9%
10yr:29.5% DM
mm HTN Misc

20 1yr:951% | 1yr:93.4%
3yr:861% | 3yr:81.1%
Syr:757% | Syr:11.7%

10yr:57.1% | 10yr:54.7%

0 1 2 3 4 ] 6 7 8 9 10

Current Renal Replacement Therapy in Korea

- Insan Memorial Dialysis Registry, 2013 -
ESRD Registry Committee, Korean Society of Nephrology



Clinical diabetic nephropathy

DM with albuminuria or more
Diabetic retinopathy
Long duration (> 10 years, £5| X 1)

Slowly progressive proteinuria

Rare glomerular hematuria



Natural history of type 1 DM

Rate of dec. GFR:
Past: -10~15mL/min/yr

= Present: - 4.5mL/min/yr
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Prevalence of diabetic kidney disease in US

[ NHANES 2001-2008 (n = 41658) ]
[ 20 years older than (n = 21366) ]

= gxcluded n=2825
due to missing

eGFR or UACR data
Diabetes Stratum: No Diabetes Stratum
(n= 2798) (11.2%)* (n= 15743) (88.8%)*

= Self reported : n=2013
s HbA1C > 6.5% : n=1786
= Fasting glucose > 126 mg/dl: n=1734

Diabetes Without Diabetes
(n=2798) Strabum (n=15326)
1581 (61.5%)" NA-normal GFR 13430 (88.9%)"
642 (21.2%)"" | ——aLB-normal GFR 1087 (5.6%)"
%)™ 38.5% Na- )® 11.2 %
208 (9.7%) .9 /0 NA-CKD 803 (4.3%) . o
277 (7.6%)"™ s ALB-CKD 333 (1.3%)"

Journal of Diabetes and Its Complications 27 (2013) 123127



Normoalbuminuric CKD with type 2 DM
would have DMN?



Pathologic finding of diabetic nephropathy

Mesangial expansion with increased mesangial matrix
—> Diffuse glomerulosclerosis

Nodular glomerulosclerosis (Kimmelstiel-Wilson lesion)

Thickened Glomerular Basement Membrane

Hyalinosis of afferent and efferent arteriole

* Hyalinosis: insudative lesions as consisting of intramural accumulations
of presumably imbibed plasma proteins and lipids within renal arterioles,
glomerular capillaries, Bowman’s capsule, or proximal convoluted tubules.

J Am Soc Nephrol 21: 556-563, 2010



Pathologic finding of diabetic nephropathy

Urinary
space
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Normal glomerulus Electron micrograph of a normal Basement membrane thickening in diabetic
glomerular capillar loop showing the fenestrated nephropathy Electron micrograph in diabetic
endothelial cell (Endo), the glomerular basement nephropathy shows a 2 to 3 fold increase in the thickness
membrane (GBM), and the epithelial cells with its of the glomerular basement membrane (GBM). Mes =

interdigitating foot processes (arrow). The GBM is thin mesangium; Ep = epithelial cell. Anhgugh not seen, the
p'ate""'t: 3"139;" in the capillary lumen. Courtesy of material, a process that contributes to nodule formation
big{mut Rennks; H1D. and glomerulosclerosis. Courtesy of Helmut Rennke, MD.



Pathologic finding of diabetic nephropathy

Normal glomerulus Light micrograph of a normal
glomerulus. There are only 1 or 2 cells per capillary tuft, the
capillary lumens are open, the thickness of the glomerular
capillary wall {long arrow) is similar to that of the tubular
basement membranes (shart arrow), and the mesangial cells
and mesangial matrix are located in the central or stalk
regions of the tuft (arrows). Courtesy of Helmut G Rennke.

diffuse and nodular (N} glomerulosclerosis in diabetic
nephropathy. Mote the dense appearance of the deposits and
the rim of cells around the nodules, which distinguish this
disorder on light microscopy from fibrillary
glomerulonephritis or amyloidosis. Courtesy of Helmut
Rennke, MD.



Heterogenous renal biopsy findings in type 2 DM

Type 1 DM: Classical glomerular changes

Type 2 DM: Heterogenous
¢ Study by Fioretto et al.
Subjects: Type 2 DM + Microalbuminuria + normal GFR
— Renal biopsy showed heterogenous changes
C1: Normal renal structure (29.4%)
C2: Typical DN, predominantly glomerular changes (29.4)

C3: Severe interstitial, vascular damage, minimal glomerular
change (41.2%)

Diabetologia 1996; 39: 1569-1576



Diabetes care, July 8, 2013

Renal Structure in Normoalbuminuric and
Albuminuric Patients With Type 2 Diabetes
and Impaired Renal Function

Ekinci El, Jerums G, Skene A, Crammer P, Power D, Cheong KY, Panagiotopoulos S,
McNeil K, Baker ST, Fioretto P, Macisaac RJ.

Endocrine Centre, Austin Health, Melborune, Victoria, Australia



Subjects

Patients attending the Diabetes clinic of Austin Health
January 2005 ~ December 2010 :

= GFR <60 & various albuminuric status =

Biopsy type Research Research Clinical |
GFR (mL/min/1.73 m%) <60 <60 <60
AER category Mormo Micro Macro
Pre biopsy (n) 10 4 17

At biopsy (n) El\‘E +4 17

Diabetes care, July 8, 2013



Renal structure patterns in patients with type 2 DM

Albuminuria category Normo Micro Macro

Fioretto et al. (11) Previous study in type 2 DM, preserved GFR
GFR >60 mU/min/1.73 m* (mean GER -Typical glomerular changes of DN was less
101 + 27 mUmin/1.73 m) common (10/34)

Number of subjects per category

Current study
GFR <60 mL/min/1.73 m’
Mean MDRD eGFR (ml/min/1.73 m?)

Number of subjects per category

Cl, delined by normal or near-normal histology; C2, defined by histology rellecting typical DN with predominantly glomerular changes; C3, deflined by atypical
histology, with disproportionately severe interstitial, tubular, or vascular damage and few or no glomerular changes; MDRD, Modification of Diet in Renal Disease.

C1 : Normal of near-normal
C2 : Typical DN
C3 : Atypical patterns of renal injury

Diabetes care, July 8, 2013



Biopsy findings in participants with normoalbuminuria

Category

1 Cl

Cl
C2
C2
C2
C3
C3
C3

0 9 O n B~ W

Mesangial
expansion

0

_— 0 O M= = W O

Arterial
Hyalinosis

0

—_ O N = = W =

Summary

Not DN, mild IgA nephropathy,
no cause for renal impairment found

Mild nonspecific changes, not DN
Typical advanced DN

Typical early DN

Typical early DN

Renovascular, not DN
Renovascular, not DN

Atypical DN, mild glomerular changes
+ Severe vascular and tubulointerstitial disease

Diabetes care, July 8, 2013



Patients with type 2 DM, renal insufficiency :

1) Micro- or macroalbuminuric DMCKD
- Nearly all (22/23) typical glomerular changes of DN

2) Normoalbuminuric DMCKD
- 3/8 : interstitial or vascular changes
3/8 : typical changes of DN
//8 : arteriosclerosis

3) Normoalbuminuric DMCKD
- multifactorial pathogenesis
such as age, HTN, arteriosclerosis



Nonalbuminvuric Renal Insufficiency in
Type 2 Diabetes

Normo- Micro- Macro-
albuminuria albuminuria albuminuria P

n 43 38 28
AER (pg/min) 9.3 X/+ 1.1 61 X/+ 1.2 671 X/+ 1.2  <0.0001

ge (years)
Females (%)
Duration ol diabetes (years 14x 1 16 E 1 s J= ol 0.64
BMI (kg/m?) 38+ 140 2903 0.7 316 x 1.4 0.26
Retinopathy (%) 26 50 41 0.11
HbA, . (%) £.3 03 79 £0.2 79 03 0.23
SBP (mmHg) 138 £ 3 147 = 3 147 = 3 0.02*
DBP (mmHg) £ = 2 igax] i sl | 0.37
GFR (ml*min™'-1.73 47 =2 47 + 2 30 £2 0.01

m~?)

Diabetes Care 27:195-200, 2004



Prevalence of diabetic kidney disease in Korea

KNHANES 2011-2013
Total 15,482 patients aged=19 years
Albuminuria: UACR=30 mg/g - Cr

% %
100 92.0 100
80 80 69.2
o0 60 | 30.7 %
40 | 40 | ‘ |
| 18.8
22 0.8 ) ‘ ‘ | > |

0
GFR260 GFR<60 GFR260 GFR<60 GFR=60 GFR<60 GFR=60 GFR<60
ALB (-) ALB(-) ALB (+) ALB (+) ALB (-) ALB(-) ALB (+) ALB (+)

No diabetes Diabetes



Age distribution according to presence of CKD and albuminuria
in DM patients

KNHANES 2011-2013, 1692 DM patients aged=19 years

60

50 CKD ALB (-)

40 CKD ALB (+)

30

20

10 / No CKD ALB (+)
; No CKD ALB (-)

20-29 30-39 40-49 50-59 60-69 70-79 =80



Clinical characteristics according to presence of CKD and
albuminuria in DM patients

KNHANES 2011-2013, 1692 DM patients aged=19 years

No CKD CKD No CKD CKD
ALB (-) ALB(-) ALB (+)  ALB(+)
(N=1128)  (N=102)  (N=307)  (N=92)

Age (years) 60.7£t£11.6* 71570 62.2+x11.5% 69.6%=9.9
Male (%) 558 (49.5) 56(54.9) 170(55.4) 46 (50.0)
DM duration (years) 8.0x7.6" 11.2£10.1 10.0x7.7 14.2%9.5"
DM retinopathy (%)* 106 (14.0) 11 (16.7) 57 (25.7) 20 (32.8)
SBP (mmHg) 125+ 16 124+16 134+=18* 131+33*
DBP (mmHg) 76 £10* 69110 78t 12* 70+13
HTN (%)* 633 (566.3) 80(78.4) 218 (71.0) 70 (78.7)
BMI (kg/m?) 25135 248+33 255*t41 25.0*4.1

* P<0.05, vs. CKD ALB (-) group



Clinical characteristics according to presence of CKD and
albuminuria in DM patients

KNHANES 2011-2013, 1692 DM patients aged=19 years

No CKD CKD No CKD CKD
ALB (-) ALB(-) ALB (+) ALB(+)
(N=1128) (N=102) (N=307) (N=92)
Cholesterol (mg/dl) 186+x42* 17238 191£42* 17639
TG (mg/dl) 169+137 171117 198£187** 166*=114
HDL (mg/dl) 47.5+11.5* 42.711.2 47.6x11.7* 44.0£12.0
Glucose (mg/dl)  139*£40* 124%=35 149x%42* 137=*52
Hb (g/dl) 14.2+1.5* 13416 14317 12.8%£2.1
HbA1c (%) 7.3t14 7113 7.7x1.5* 7.8%£1.6"
ALT (IU/L) 26.81+-18.8* 21.514.8 29.1%+23.8* 20.4£10.3

AST (IU/L) 25.6122.1 244x10.6 27.6x17.2 23.5x9.3

* P<0.05, vs. CKD ALB (-) group



Korean patients with type 2 DM,
normoalbuminuric renal insufficiency :

1) 6.3% among all DM patients,
53.4% among DM patients with renal insufficiency

2) Nearly all (94.1%) patients: older than 60 years of age.
3) Low prevalence of DM retinopathy

4) High prevalence of HTN but low BP
5) Better glycemic control, cholesterol

- multifactorial pathogenesis such as age, HTN
than obesity, dyslipidemia, poor glycemic control



All type Il DM with albuminuria would have DMN ?
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Clinical implications of pathologic diagnosis and
classification for diabetic nephropathy

Se Won Oh?, Sejoong Kim®, Ki Young Na >, Dong-Wan Chae "¢, Suhnggwon Kim ¢,
Dong Chan Jin®, Ho Jun Chin »%%*

Inclusion criteria of renal biopsy

- proteinuria more than 1 g/day,

- renal involvement without retinopathy,
- renal involvement within 5 years,

- unexplained hematuria or azotemia.



126 DM with proteinuria > 1g/day

Table 1 - Clinical characteristics of the diabetes patients,

Data (%) NDRD DN Mixed p-value

@ [n= Er':j}l [n= 11}
Age (years) 1000 619+ 114 580 +10.1 57.0+88 0.102
Male (%) 1000 6.2 720 63,6 0.754

Duration of DM (years| '
HbAlc (%) %8 599+ 154 716+137 T44+173 0616
Glucose (mp/dL) 90 160+75 156+ 58 168+ 63 083
Creatinine (mp/dL) %2 228+ 18 272+ 200 146+ 0.69 0.104
eGFR (ml/min/L73 m') %2 498+=313Y 75+253 65,4+ 180° 0.034
UPCE (g/p Cr) %3 54+58 6153 59-45 0823
Hematuria %) 976 74.2 78 B1.5 0.812
Proteinuria > 2+ () 384 6.8 B2 318 0.289
Kidney lenpth (cm) 329 11.0+ 10’ 107 <10 17+15 0.034
Dizbetic retinopathy (%) 1000 <0.001

NPOR 13.8 U1 91
POR’ if 40 18.2



Table 2 - Clinical findings at renal biopsy related to the presence of DN,

B Wald
Age (years) -0.054 5020
Duration of DM (years) 0.137 11.345
Retmopathy (compared to absence) 15192
NPDR 1602 8.661
PDR 2.269 9646

OR 95% C.L for OR p-value
0.904 0.993 0.025
1.059 1241 0.001
0.001
1.708 1443 0.003
2310 40472 0.002

Diab Res Clin Pract (2012) 97: 418-424



Renal survival in patients with and without DN

(A)

[BATAINS [BURI JO AJI[IQRQOI]

1.0+

0.6

0.4+

0.2

0.0+

oy NDRD with DN (Mixed

o )
LtFI‘_H_HI-HH-I—-l-r—H— ———t
DN

Log rank, p-value=0.029

|
249 448 T2 96 120 144

1 I I I 1

Follow-up period (months)

Diab Res Clin Pract (2012) 97: 418-424



Prevalence of complicating renal disease in NIDDM

Table 3. Reports in the literature of complicating renal disease in NIDDM

Amoah  Suzuki  Richards Parving Klein-  Gambara John Olsen Pinel  Fioretto

et al. et al et al. et al. knecht  etal etal  and etal. etal

[12] [13] [11] 1] etal [15] [16] |17] Mogensen [19]  [18]

[958 1981 1992 1992 1992 1942 1954 1995 1995 109
n bl 128 46 33 35 B2 il 33 30 3
Nodular glomerulopathy 25 i 20 :

{7 24 2
Diffuse diabetic glomerulopathy 83 20 13 21
No diabetic glomerulopathy 13 20 22 7 i 10
Glomerulonephritis 16 (279%) 20 (16%) B8(17%) 8(20%) 11(31%) 16(31%) 53 (66%) 3 (8% O [
Other renal complications 1i2%) 0 §{20%) 0 3(9%) 1(2%)* 10(12%) 1(3%) 0 [

Complicating renal disease in NIDDM

: 27—-79% in studies with selected inclusion criteria.

However, a randomized controlled study indicated a prevalence of only 15% and a

study with protocol biopsy presented 23%.

Diabetologia (1996) 39: 1638—1645



Proteinuria with DM patients
Had non-typical features of DMN
Selected biopsy, Hospital setting :

1) 48% : DMN, 52% : non diabetic renal disease (NDRD)

2) NDRD had shorter diabetic duration
and lower prevalence of DM retinopathy

3) NDRD had better renal survival in DM patients

4) Prevalence of complicating renal disease in NIDDM
. heterogenous according to the biopsy criteria



Prognosis of DM patients:

normoalbuminuria, albuminuria, and renal
insufficency?
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KDIGO Controversy conference

The definition, classification, and prognosis of
chronic kidney disease: a KDIGO Controversies

Conference report

Andrew S. Levey', Paul E. de Jong®, Josef Coresh®, Meguid El Nahas®, Brad C. Astor”,
Kunihiro Matsushita®, Ron T. Gansevoort®, Bertram L. Kasiske® and Kai-Uwe Eckardt®

'Division of Nephrology, Department of Medicine, Tufts Medical Center, Boston, Massachusetts, USA; “Department of Nephrology,

University Medical Center Groningen, University of Groningen, Groningen, The Netherlands; “Department of Epidemiology, Johns
Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; *Sheffield Kidney Institute, University of Sheffield, Sheffield, UK;

“Hennepin County Medical Center, Minneapolis, Minnesota, USA and ®Department of Nephrology and Hypertension, University of
Erdangen-Nuremberg, Erlangen, Germany

Kidrney nrernational (2011} 80, 17-28



KDIGO Controversy conference
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KDIGO Controversy conference

Blue: urine ACR of <30 mg/g
Green: urine ACR 30-299 mg/g
Red: urine ACR >300 mg/g

All-cause mortality Cardiovascular mortality
16 - 16 -
- C 8 4
3 :
E 4 - é 4 -
3 2 - 3 2
©
< 9. < 9.
05 1 ! * 05 L 1 1 | ! ; ) 1 1
15 30 45 60 75 90105 120 15 30 45 60 75 90105 120
eGFR, ml/min per 1.73 m? eGFR, ml/min per 1.73 m?

Summary of continuous meta-analysis (adjusted relative risk (RR)) for general
population cohorts with albumin-tocreatinine ratio (ACR).



KDIGO Controversy conference

Blue: urine ACR of <30 mg/g or dipstick negative and trace
Green: urine ACR 30-299 mg/g or dipstick 1 positive
Red: urine ACR >300 mg/g or dipstick >2 positive

Adjusted OR

Progressive CKD

D56 - |
64 - R
16-"‘—\‘&'/
4-.__’\\—\_*’;
0';:. — .“ ——

15 30 45 60 75 90105 120
eGFR, ml/min per 1.73 m?

Adjusted HR

End stage renal disease

——+ &

15 30 45 60 75 90105 120
eGFR, ml/min per 1.73 m?

Summary of continuous meta-analysis (adjusted relative risk (RR)) for general
population cohorts with albumin-tocreatinine ratio (ACR) or urinalysis.




Mild decrease in estimated glomerular filtration rate and proteinuria
are associated with all-cause and cardiovascular mortality in the
general population

Se Won Dh' Seon Ha Back”, Ynnﬂ. Chul Kim?, IIn Suk Goo®, Nam Ju Heo*, Ki Young Na'~, Dong
Wan Chae'~ . Suhnggwon Kim™ and Ho Jun Chin"

'Department of Internal Medicine, Seoul National University Bundang Hospital, Kyeong-Kido, Korea, “Department of Intemal
Medicne, Seoul National University, Seoul, Korea, ]DL"pu.rl:mtnL of Internal Medicine, Inje University Seoul Paik Hospital, Seoul,
Korea, *Seoul National University Healtheare System Gangnam Center, Seoul, Korea and *Renal Institute, Seoul National Univemsity
Medical Research Center, Seoul Korea

Nephrol Dial Transplant (2011) 0: 1-7
dot: 10.1093/ndt/gfr622

AP EL 12,1155 (2003.1~2009.2)
APSTIA] = X[ 2F: 40 T



Mortality and cardiovascular mortality according to eGFR

Survival

1.007 &Y AGroup 1,eGFR >105
= _>Group 2.eGFR 90-104
0.99 -~ Group 3,eGFR 75-89

0.98 -
0.974

0.96 4

P<0.001
0.95 4

B T T T

0 10 20 30

™ Group 4:eGFR 60-74

—— eGFR<60

T T T T T

40 50 60 70 80

Follow-up duration (months)

CVD death free survival

Group 1.eGFR >103

10007 o Group 2:¢GFR 90-104
4 Group 3,eGFR 75-89

0998+ T} !
W —— eGFR 60-74
0.996 - -1
0.994 - 1
I
0.992 4
eGFR<60
0900, P<0.001
6 10 ZID 30 410 5]0 610 ?TO 8T{} QrO

Follow-up duration(months)

Oh SW, Chin HIJ et al. Nephrol Dial Transplant (2012)



Adjusted risk of mortality and CV mortality

Table 3. Adjusted HR (95% CI) for ACM" and CVM® according o #GFR and dipstick urine analysis for protemnuria®

All

MNegative Trace or more All
ACM
=105 mL/min/1.73m" ' 0.9 {(.63-1.56) 0.9 {0,46--2.13) 089 (0.60-1.32)
G104 mL/min'l . 73m" Reference 1L.57 (0.93-2 &hH) Reference
7589 mLfmith].E:t_f 133 ((.594-1.86) 210 {1.41-3.12) 133 (L00-1.77)
60-T4 rnL;'miJL-'].E_m" Ll {1.12=2.300) 230 {1.50-3.53) 1.56 (1.15-213)
<60 mL/min/1, 73m 3.54 (2,20-5.68) 3T {2.15-6.38) 302 (2.04-447)
Reterence 1.36 (1.19-1 80}
Y
=105 mL/min/1,73m" 085 {0, 16-3.56) MA 070 (0,14-3.66)
Gl HMII]L"IH'LH.-'].T3II1]: Eeterence 1.02 {0.11-2.18) Reference
T3-RO mbmin'l, 7ime L18 {0363 83} 234 (628 T6) L0 ((.50-3091)
60-T4 rnL-'m':m'].]’Enf 3.19 {1.05-9 .67) 7.04 (22022 5T) 396 (1.50-10.46)
<60 mL/min/], 73m" 1087 {3.16-37.41) 14.60 (4.06-32.53) 10,91 (3.74-31 .83)
Reference L.72{1.02-2 90)

All

"NA, not applicable.

"HRs and 95% Cls of ACM adjusted for age, gender, SBP, DBP, BMI, DM, HTN, HBsAg, anti-HCV
total cholesterol and HDL cholesteml.

antibody, ALT, AST, fasting glucose, uric acid,

“HEs and 95% Cls of CVM adjusted for age, gender, SBP, DBP, BML, DM, HTN, HBsAg, anti-HCV antibody, ALT, AST, fasting glucose, uric acid,

total cholesterol, albumim and HDL cholestarol,

Oh SW, Chin HJ et al. Nephrol Dial Transplant (2012)



Kidney Disease and Increased Mortality Risk
in Type 2 Diabetes

NHANES Ill, 10-year cumulative mortality for 15,046 participants

Standardized Cumulative Incidence
(%, 95% Cl)

No Diabetes
No Kidney Disease 7.6 (7.0t0 8.2)
Albuminuria 14.3 (11.8 to 16.8)
Impaired GFR 16.3 (11.5to 21.1)
Albuminuria and Impaired 40.9 (31.7 to 50.0)
GFR

Diabetes
No Kidney Disease 11.7 (8.1 to 15.3)
Albuminuria 25.4 (19.2 to 31.5)
Impaired GFR | 31.5 (19.0to 43.9) I
ng;umlnurla and Impaired 54.6 (41.4 to 67.8)

J Am Soc Nephrol 2013;24(2):302-8



Renal outcome according to the albuminuria and renal
insufficiency

A total of 3,231 type 2 diabetic patients, 2003-2005
Renal outcome: RRT or 50% reduction of GFR
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Mortality according to the albuminuria and renal
insufficiency

A total of 3,231 type 2 diabetic patients, 2003-2005
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Summary
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