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Diabetes is a huge and growing problem, and the costs 

to society are high and escalating

382 million people have 

diabetes

By 2035, this number will 

rise to 592 million

International Federation of Diabetes
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국내 말기 신부전

국내 말기 신부전 원인 질환국내 말기 신부전 빈도

1446.4 patients per million population

End stage renal disease in Korea 



국내 말기 신부전과 당뇨

Survival of ESRD patients



Clinical Diabetic Nephropathy

DM with albuminuria or more

Diabetic retinopathy

Long duration (> 10 years, 특히제 1형)
Slowly progressive proteinuria

Rare glomerular hematuria

Clinical diabetic nephropathy



initial silent
Incipient DN

Stage II

Overt DN:

Stage III
Stage IV

Pre DN: Stage I

0.3

0.03

Rate of dec. GFR:

Past: -10~15mL/min/yr

�Present: - 4.5mL/min/yr

Natural history of type 1 DM



Prevalence of diabetic kidney disease in US

Journal of Diabetes and Its Complications 27 (2013) 123–127

11.2 %38.5%



Normoalbuminuric CKD with type 2 DM

would have DMN? 



1. Mesangial expansion with increased mesangial matrix

� Diffuse glomerulosclerosis

Nodular glomerulosclerosis (Kimmelstiel-Wilson lesion)

2. Thickened Glomerular Basement Membrane

3. 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
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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

Heterogenous renal biopsy findings in type 2 DM



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

Diabetes care, July 8, 2013



Patients attending the Diabetes clinic of Austin Health

January 2005 ~ December 2010 : 

= GFR <60 & various albuminuric status =   

Subjects

Diabetes care, July 8, 2013



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

Renal structure patterns in patients with type 2 DM

Previous study in type 2 DM, preserved GFR
-Typical glomerular changes of DN was less 
common (10/34)

Diabetes care, July 8, 2013



Biopsy findings in participants with normoalbuminuria

Category

Mesangial

expansion

Arterial

Hyalinosis

Summary

1 C1 0 0 Not DN, mild IgA nephropathy, 

no cause for renal impairment found

2 C1 0 1 Mild nonspecific changes, not DN

3 C2 3 3 Typical advanced DN

4 C2 1 1 Typical early DN

5 C2 1 1 Typical early DN

6 C3 0 2 Renovascular, not DN

7 C3 0 0 Renovascular, not DN

8 C3 1 1 Atypical DN, mild glomerular changes

+ Severe vascular and tubulointerstitial disease

Results

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

7/8 : arteriosclerosis

3) Normoalbuminuric DMCKD

� multifactorial pathogenesis 

such as age, HTN, arteriosclerosis 

Conclusions



Diabetes Care 27:195–200, 2004



Prevalence of diabetic kidney disease in Korea
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Total 15,482 patients aged≥19 years
Albuminuria: UACR≥30 mg/g·Cr

7.9 %
30.7 %



Age distribution according to presence of CKD and albuminuria 

in DM patients
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No CKD

ALB (-)

(N=1128)

CKD

ALB(-)

(N=102)

No CKD

ALB (+)

(N=307)

CKD 

ALB(+)

(N=92)

Age (years) 60.7±11.6* 71.5±7.0 62.2±11.5* 69.6±9.9 

Male (%) 558 (49.5) 56 (54.9) 170 (55.4) 46 (50.0)

DM duration (years) 8.0±7.6* 11.2±10.1 10.0±7.7 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* 69±10 78±12* 70±13 

HTN (%)* 633 (56.3) 80 (78.4) 218 (71.0) 70 (78.7)

BMI (kg/m2) 25.1±3.5 24.8±3.3 25.5±4.1 25.0±4.1 

Clinical characteristics according to presence of CKD and 

albuminuria in DM patients

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

* 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

ALB (-)

(N=1128)

CKD

ALB(-)

(N=102)

No CKD

ALB (+)

(N=307)

CKD 

ALB(+)

(N=92)

Cholesterol (mg/dl) 186±42* 172±38 191±42* 176±39 

TG (mg/dl) 169±137 171±117 198±187** 166±114 

HDL (mg/dl) 47.5±11.5* 42.7±11.2 47.6±11.7* 44.0±12.0 

Glucose (mg/dl) 139±40* 124±35 149±42* 137±52 

Hb (g/dl) 14.2±1.5* 13.4±1.6 14.3±1.7* 12.8±2.1 

HbA1c (%) 7.3±1.4 7.1±1.3 7.7±1.5* 7.8±1.6* 

ALT (IU/L) 26.8±18.8* 21.5±14.8 29.1±23.8* 20.4±10.3 

AST (IU/L) 25.6±22.1 24.4±10.6 27.6±17.2 23.5±9.3 

* 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 II DM with albuminuria would have DMN ? 



Inclusion criteria of renal biopsy 

- proteinuria more than 1 g/day, 

- renal involvement without retinopathy, 

- renal involvement within 5 years,

- unexplained hematuria or azotemia. 



Subjects

126 DM with proteinuria > 1g/day



Results

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



Renal survival in patients with and without DN
Results

(Mixed

)

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



Other reports

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

Prevalence of complicating renal disease in NIDDM



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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CVD death

All-cause

death

Annual transition rate through the stages of nephropathy 

and to death in type 2 DM. -KI 2003;225-232, UKPDS 64-

2형 당뇨성 신병증의 임상 경과(자연경과)



KDIGO Controversy conferenceKDIGO Controversy conference



1,555,332 people

KDIGO Controversy conferenceKDIGO Controversy conference



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

KDIGO Controversy conference

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

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

KDIGO Controversy conferenceKDIGO Controversy conference



건강검진: 112,115명 (2003.1~2009.2)

사망까지 평균 추적기간: 40 개월

SNU hospitals



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

All cause mortality

Survival 

eGFR<60 

eGFR<60 

CVD death free survival

eGFR 60-74 

Mortality and cardiovascular mortality according to eGFR



Adjusted risks of ACM/CVM

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

Adjusted risk of mortality and CV mortality



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

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



Renal outcome according to the albuminuria and renal 

insufficiency 

Nephrology (Carlton). 2015 Mar 16. 

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

Renal outcome: RRT or 50% reduction of GFR



Mortality according to the albuminuria and renal 

insufficiency 

Nephrology (Carlton). 2015 Mar 16. 

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



요 약

1. 우리나라 성인의 11.3% 가 당뇨, 증가 추세
- 30.7%에서 알부민뇨가 있거나 신기능저하
- 6.3%에서 알부민뇨가 없이 신기능 저하

2. 알부민뇨가 없이 신기능 저하가 있는 당뇨병
- 당뇨병성 신병증인 경우와 그렇지 않은 경우가 혼재
- 고령, 고혈압 등이 관련된 multifactorial pathology 

3. 단백뇨가 있는 당뇨병, 비전형적 특징을 가진 환자
- 반 수에서 당뇨병성 신증
- 비당뇨병성 신증일 가능성: 당뇨병성 망막증 없음,

당뇨 유병기간이 짧음

4. 알부민뇨와 GFR: 사망, 말기신부전, 신기능감소 예측 인자
- renal outcome: 알부민뇨 정도에 따라 결정
- 사망: 정상 알부민뇨 신부전 환자 > 알부민뇨 정상 신기능

Summary 


