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Imaging abnormalities. Imaging techniques allow the diagnosis of diseases of the 

renal structure, vessels and/or collecting systems. Thus, patients with significant 

structural abnormalities, are considered to have CKD if the abnormality persists for 

greater than 3 months (note that this does not include simple cysts). 

Chronic Kidney disease

KI 2014;85;49-61



• KSN CKD survey

Korean aged 35 years or more 
in 7 major cities at 2008
Cr: modified Jaffe method
eGFR: Original MDRD Equ.
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5.07%

4.86 %

0.17 % 
0.04 %

GFR <60 ml/min/1.73 m2

• KNHANES III-IV (2005-2008)

7 Cities  Others

6.7 %

8.2 %

Chronic Kidney disease

GFR<60
ml/min/1.73 m2



Chronic Kidney disease

• Factors related to eGFR < 60 ml/min/1.73 m2 KNHANES III-IV

* Proteinuria by dipstick test
* Adjusted with age, gender, BMI, hypertension, diabetes, SBP, DBP, 

urine protein, urine hemoglobin, Na intake, protein intake, 
Exercise, weight change compared to last year



Chronic Kidney disease

-112,115 Koreans aged 20 years or more 

participated in routine health check-up

-Cr: IDMS traceable Cr value

-eGFR: MDRD using IDMS traceable Cr.

-Outcome: ACM, CVM

-FU: 49 months (median)

Nephrol Dial Transplant. 2012 Jun;27(6):2284-90



Metabolic syndrome

Circulation. 2002:106:3143 Lancet 2005; 36;1059

: a complex of interrelated risk factors for cardiovascular disease (CVD) and 
diabetes, including dysglycemia, raised blood pressure, elevated triglyceride 
levels, low high-density lipoprotein cholesterol levels, and obesity. 



Circulation. 2009;120:1640-1645

HMetS criteria:
Abdominal obesity
should not be a
prerequisite for
diagnosis
but that it is
1 of 5 criteria

Korean : 
M ≥ 90 cm
F ≥ 85 cm

DRCP: 75 (2007) 72–80



MetS and CKD

CKD in MetS

 The Ansan–Ansung cohort of the 
Korean Genome Epidemiology Study

• 6065 without history of CKD  or CVD at baseline
• 40-69 years
• Definition: Incident CKD: eGFR dec. < 60 ml/min/1.73 m2

• modified NCEP-ATP III criteria
• MetS at baseline exam: 1769, 29.2 %

• 10 year-follow up
• Incident CKD 893, 14.7 %

-Included DM, HTN 

21.08

%

12.10

%

MetS (+) MetS (-)

Incident CKD

373/1769 520/4296

p<0.0001



MetS and CKD

CKD in MetS

 The Ansan–Ansung cohort of the 
Korean Genome Epidemiology Study



MetS and CKD

CKD in MetS

 The Ansan–Ansung cohort of the 
Korean Genome Epidemiology Study

OR for incident CKD acc to HOMA-IR Incidence of CKD by the number of 
components of MetS



MetS and CKD

CKD in MetS

 Health check-up data in a university hospital, Korea

• 10685 without DM, HTN, and CKD at baseline
• 30-59 years
• Definition: Incident CKD: eGFR dec. < 60 ml/min/1.73 m2

• NCEP-ATP III criteria
• MetS at baseline exam: 787, 7.4 %

• 3.8 year-follow up
• Incident CKD 291, 2.44 %

-Excluded DM, HTN 



MetS and CKD

CKD in MetS

 Health check-up data in a university hospital, Korea
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MetS and CKD

CKD in MetS

 Health check-up data in a university hospital



MetS and CKD

CKD in MetS
Clin J Am Soc Nephrol 6: 2364–2373, 2011

 Systematically review the association between MetS, its components, and 
development of microalbuminuria or proteinuria and CKD

• Eleven prospective studies (n =30,146) were included



MetS and CKD

CKD in MetS
Clin J Am Soc Nephrol 6: 2364–2373, 2011

 Systematically review the association between MetS, its components, and 
development of microalbuminuria or proteinuria and CKD

• MetS and risk for development of CKD

odds ratio, 1.55; 95% CI, 1.34, 1.80



MetS and CKD

Renal pathological changes in MetS
Am J Kidney Dis 53:751-759, 2009

 Renal pathology in RCC patients with MetS, compared with matched control

• 12 patients MetS and 12 age- and sex-matched controls

BMI (kg/m2) 31.4 ± 6.1                    27.0 ± 3.0 0.04



MetS and CKD

Renal pathological changes in MetS
Am J Kidney Dis 53:751-759, 2009

 Renal pathology in RCC patients with MetS, compared with matched control

• 12 patients MetS and 12 age- and sex-matched controls



MetS and CKD

Renal pathological changes in MetS

 Renal pathology in RCC patients with MetS, compared with matched control

MetS

Control

Am J Kidney Dis 53:751-759, 2009



MetS and CKD

Renal pathological changes in MetS

 Renal pathology in RCC patients with MetS, compared with matched control

Am J Kidney Dis 53:751-759, 2009

• Effect of Nephrectomy on Kidney Function

GFR change during 1yr
Control :
71.5± 9.5 -> 62 ± 11
P=0.06

MetS: 
62.5± 15 -> 44 ± 20
P=0.02

eGFR in mL/min/1.73 m2



Tubulointerstitial change
1. Hyperlipidemia-> ROS, oxidative stress, 

TGF-β, MCP-1
Inc. myelofibroblast

2. Hyperglycemia-> Inflammatory cytokines
midkine as a key molecule to induce TI-lesion in DMN

3. Hypertension-> Angiotensin II

Microvascular change
: arteriolar hyalinosis maybe related to uric acid, hyperglycemia

Obesity related glomerular change was not evident.

MetS and CKD

Renal pathological changes in MetS
Am J Kidney Dis 53:751-759, 2009



MetS and CKD

Mechanisms of renal damage in MetS
Translational Research 2017;183:14–25

Fundamental manifestations of MetS include 
IR and adipose tissue expansion, 
the latter promoting chronic inflammation and oxidative stress 

that exacerbate IR.

Those in turn can elicit various kidney injurious events through 
endothelial dysfunction, 
activation of the renin-angiotensin-aldosterone system, and 
adipokine imbalance.

Inflammation and IR are also major contributors to 
microvascular remodeling and podocyte injury.



Translational Research 2017;183:14–25

IR



MetS and CKD

• Studies have suggested that individuals with MetS are also at increased 
risk for developing chronic kidney disease.

• On histopathologic examination, patients with metabolic syndrome 
compared with controls had a greater prevalence of tubular atrophy, 
interstitial fibrosis, and arterial sclerosis, suggesting microvascular disease.

• Fundamental manifestations of MetS include IR and adipose tissue 
expansion, the latter promoting chronic inflammation and oxidative stress 
that exacerbate IR



Insulin resistance

: reduced sensitivity of target organs (i.e., the liver, the skeletal muscle, and the 
adipose tissue) to the effects of insulin

• Overview of the intracellular insulin signaling pathways in skeletal muscle and 
WAT



Insulin resistance in CKD

J. Clin. Invest 1981;67;563

 17 CKD patients/ 36 controls

• Euglycemic insulin clamp technique

The average rate of glucose utilization from minute 20 to 120 

in the 17 uremic subjects (3.71+0.20 mg/kg-min) was 50% lower 

than in the 36 controls (7.38+0.26 mg/kg min, P < 0.001).



Insulin resistance in CKD

J. Clin. Invest 1981;67;563

• Leg glucose uptake in six uremic and 

six control subjects is different

CKD

Control



IR prevalence in CKD

 NHANES data in USA

• 7198 population, aged > 20 years, eGFR >15 ml/min/1.73 m2

• HOMA-IR
• eGFR by original MDRD equation
• CKD < 60 ml/min/1.73 m2  

• OR of parameters for the presence of CKD in Non-DM 6453 subjects

Multivariated OR    p Multivariated OR    p



IR prevalence in CKD

 11 studies about IR prevalence in CKD





IR prevalence in CKD

 Community-based elderly cohort in Seong-nam

• 737 elderly population tested HOMA-IR and eGFR

HOMA-IR index increased as 
eGFR decreased,  as shown by 
simple regression analysis (P = 
0.034).



IR prevalence in CKD

 17,157 subjects with Health check-up 

• HOMA-IR
• Non-diabetic
• eGFR: 

Group 1, eGFR >90; 
Group 2, eGFR 75–89; 
Group 3, eGFR 60–74; 
Group 4, eGFR <60 mL/min/1.73m2.



IR prevalence in CKD

 17,157 subjects with Health check-up 



IR prevalence in CKD

 17,157 subjects with Health check-up 

Estimated value of HOMA-IR 
index in eGFR groups by 
ANCOVA adjusted for related 
factors

• When we stratified the subjects 
by the number of MS 
components, there were no 
meaningful differences in HOMA-
IR values according to eGFR
group



IR prevalence in CKD

 1683 subjects from population based survey, China

• Non-Diabetic
• HOMA-IR



Adjusted by Obesity

IR prevalence in CKD

 1683 subjects from population based survey

• Non-Diabetic

Relationship between HOMA-IR group and presence of CKD



J Am Soc Nephrol 27: 2861–2871, 2016

IR prevalence in CKD

 98 Subjects in SUGAR study

• Non-Diabetic
• hyperinsulinemic-euglycemic clamp technique
• OGTT
• IVGTT



J Am Soc Nephrol 27: 2861–2871, 2016

IR prevalence in CKD

 98 Subjects in SUGAR study



J Am Soc Nephrol 27: 2861–2871, 2016

IR prevalence in CKD

 98 Subjects in SUGAR study

In this study, moderate-severe nondiabetic CKD was associated with reduced
insulin sensitivity and insulin clearance measured using the gold standard
hyperinsulinemic-euglycemic clamp method.
With adjustment for lifestyle factors and body composition, magnitudes of
association were attenuated, and the association of CKD with insulin sensitivity was
of borderline statistical significance.

Associations of CKD 
with measures of glucose and insulin homeostasis



In conclusion, 

moderate-severe nondiabetic CKD is associated with 

reduced insulin sensitivity and clearance. 

Decreased physical activity, 

diet, and 

body composition (greater adiposity with reduced lean mass) 

components of MetS

seem to confound or mediate these associations in part. 

Insulin secretion and glucose tolerance did not differ significantly comparing 

participants with and without CKD.

IR prevalence in CKD

J Am Soc Nephrol 27: 2861–2871, 2016



Incident CKD in IR status

 ARIC (athersosclerosis risk in communities study): 10,096

• Non-Diabetic population aged 45-64 years
• HOMA-IR
• FU 9 years



Incident CKD in IR status

 Uppsala Longitudinal Study of Adult Men(ULSAM), Sweden

• 586 subjects with GFR > 50 ml/min/1.73 m2 at baseline examination
• Euglycemic-hyperinsulinemic clamp technique
• FU 7 years
• Subgroup – 295 subjects with normal fasting glucose and normal 

glucose tolerance

• Event of renal dysfunction
Total group:   32/586 (5.4%)
subgroup: 16/295 (5.4%)

Diabetes Care 31:1550–1555, 2008



A is adjusted for age, and model 
B is adjusted for age, fasting plasma glucose, fasting plasma insulin, 
and 2-h glucose at an OGTT

• The association of insulin sensitivity index (M/I) and the incidence of 
renal dysfunction in participants with GFR >50 ml/min per 1.73 m2 at 
baseline: multivariable logistic regression

Incident CKD in IR status

 Uppsala Longitudinal Study of Adult Men(ULSAM), Sweden

Diabetes Care 31:1550–1555, 2008



Incident CKD in IR status



• The etiology of IR in CKD is multifactorial in nature and may be secondary 
to disturbances that are prominent in renal diseases, including physical 
inactivity, chronic inflammation, oxidative stress, vitamin D deficiency, 
metabolic acidosis, anemia, adipokine derangement, and altered gut 
microbiome.

• Reduced renal function is related to increase of IR, however, diets, 
physical activities, obesity, or other components of MetS would be 
confounded in that relationship.

• IR contributes to the progression of renal disease, which is provoked by 
worsening renal hemodynamics by various mechanisms, including 
activation of the sympathetic nervous system, sodium retention, and 
downregulation of the natriuretic peptide system.

IR and CKD




