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Laetitia Koppe et al. Nephrol Dial Transplant (2014) 29: 1666–1674 

 

Reduced insulin sensitivity 

(IS) of target organ to the 

effect of insulin (hepatic 

glucose production, glucose 

uptake by skeletal muscle, 

lipolysis in adipose tissue and 

others) 

 

Can be physiologic (in 

pregnancy) or pathologic 

 

Insulin resistance (IR)  

leads to: hyperinsulinemia, 

glucose intolerance, 

hyperglycemia, and 

dyslipidemia 

 



Tissue sensitivity to insulin -cell sensitivity to glucose 

UREMIA 

+ 

_ 
_ 

IR in CKD and ESRD 
• Common in ESRD and CKD, but evidence on the latter is scarce.  

• DeFronzo,  using the ‘gold standard’ euglycemic hyperinsulinemic clamp,  

found evidence of  IR in uremia in 1978 

DeFronzo RA, Metabolism 27: 1866–1880, 1978 ; DeFronzo, et al, J Clin Invest 425-35,1978 
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227 non-diabetic CKD 

patients 

 

HOMA-IR, glucose and 

insulin were not different 

across 3 CKD groups,  

but higher as compared to 

healthy controls. 

Becker B, JASN 16; 1091-1098, 2005 



At what stage of CKD does IR appear ? 

Kobayashi et al.: AJKD 45: 275-280, 2005  

IS by Hyperinsulinemic 

euglycemic glucose 

clamp in 29 non-DM 

patients with different 

stages of CKD. 

 

IS negativaly correlated 

with the decline in renal 

function. 



Compensatory relationship between insulin 

sensitivity and β-cell function 

8 Hien Phama et al, Current opinion in nephrology and hypertension, 20: 640-646, 2011. 
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T Jia et al JCEM 2015;100(2):587-93                           Allegra V et al KI 1990;38:1146-1150  



10 

 

T Jia et al JCEM 2015;100(2):587-93  

• 466 non-diabetic CKD 

patients 

• IR (clamp method) 

increased across 

decreasing eGFR, while  

β-cell function was 

higher.  

• 2-hour post load 

glucose tolerance was 

not different.  

 

• Conclusion: In CKD, 

increased β-cell function  

compensates for loss in 

IS that accompanies 

kidney dysfunction 



 In normal conditions, 30–80% of circulating insulin is removed by 

kidney. 

 

 The decline of renal function is associated with impaired insulin-

induced glucose utilization of peripheral target tissues, and IR. 

 

 The net balance between insulin resistance and β-cell function 

may be preserved in CKD. 
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IR in CKD 

Laetitia Koppe et al. Nephrol Dial Transplant (2014) 29: 1666–1674 
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Other Causes of IR in CKD 
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Xu H, et al CJASN 2014;9(12):2104-10 

Metabolic syndrome 

components, and IL-6, 

were clinical correlates 

of  insulin sensitivity (by 

clamp method ) in 446 

non-DM patients with 

CKD.  
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Inflammation, adipokines and  

insulin resistance 

Adriana M Hung, et al CJASN 2011;6:767-774      Nephrol Dial Transplant (2011) 26: 2814–2819 

 



Kobayashi et al.AJKD 45: 275-280, 2005 

The independent clinical correlates 

of  insulin sensitivity (clamp 

method) were bicarbonate levels 

and ApoA1/ApoB ratio 
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Which dietary modifications improves 

insulin sensitivity? 

Lower energy, diet SFA 

and carbohydrate intake 

and higer MUFA and 

PUFA associated with 

reduced insulin 

resistence 

Martin O Weickert, Clinical Endocrinology, 2012,(77), 508-512 



X Huang et al , J Intern Med. 2014 Jan;275(1):71-83. 

The worse the dietary fat 
quality (A diet rich in SFA and 
poor in LA, low PUFA/high SFA 
score),  the higher the 
patient’s systemic 
inflammation and the worse 
their insulin sensitivity. 
 

Insulin 
sensitivity 

inflamation 



Assessment 
 Dynamic Assessment 

 Hyperinsulinemic euglycemic clamp- insulin sensitivity (IS) gold 

standard 

     Hyperinsulinemic hyperglycemic clamp-β cell function (BCF) 

 Frequently samples intravenous glucose tolerance test with 

minimal modelling (FSIGTT) - IS and BCF 

 Oral glucose tolerance test (OGTT) - IS and BCF 

     ISI comp, MCR test, OGIS -IS  

     empirical indices, model based indices-BCF 

Fasting methods - IS and BCF 

    Homeostatic model assessment (HOMA-R)-IS 

    Quantitative insulin sensitivity check index (QUICKI)-IS 

    McCauley-IS  

    Homeostatic model assessment (HOMA-B)-BCF 

 

 

 
18 Hien Phama et al, Current opinion in nephrology and hypertension, 20: 640-646,2011 
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12 MHD patients 

 

Adiponectin-based indices 

are best correlated with IR 

by HEGC. 

 

HOMA-IR and QUICK are 

also valid alternatives 

Adriana M Hung, et al CJASN 2011;6:767-774 



 

20 T Jia et al, Kidney Int. 2014 Aug;86(2):383-91. 

Indices derived from fasting methods tend to have lower correlation in CKD 

than in non-CKD, Indices derived from OGTT had similar correlation in both. 



 

21 T Jia et al, Kidney Int. 2014 Aug;86(2):383-91. 

ISIs provided satisfactory estimates IS in patients with CKD  

OGTT based indices are better accuracy against HEGC than fasting sample 



Choosing the best assessment of  

Insulin sensitivity in CKD  

 The gold-standard euglycemic–hyperinsulinemic 

clamps is the reference assessment of IS because it is 

not subjected to bias by GFR (retention of insulin and 

glucose) 

 

 All ISIs provided satisfactory estimates of the glucose 

disposal rate in patients with CKD.  

 

 OGTT based indices are better correlate IR by HEGC 

than fasting samples. 

 

 

 
22 T Jia et al, Kidney Int. 2014 Aug;86(2):383-91. 



Consequences 

 

 IR contributing to the 

pathophysiology of type 2 DM or 

other clinical disorders, 

accompanied by cardiovascular 

disease 

 Results are scarce and conflicting 

in CKD 

 Some – but not all - have showed  

that IR is an independent predictor 

of cardiovascular mortality in 

ESRD. 

 

23 
Sarah L et al CJASN 2014;9(12):638-40 



Shinohara et al. JASN 13: 1894-1900, 2002;         

 

183 HD patients, 22 events. Multivariate Cox model: HOMA-IR (top vs lower two 

tertiles)  HR 4.5-4.8, The effect of HOMA-IR was independent of CRP. 

Logistic regression showed that among 227 patients, those with CVD events 

had higher HOMA-IR at study inclusion 

Becker B, JASN 16; 1091-1098, 2005 
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In 446 CKD patients,  IS as measured with euglycemic clamps was 

associated neither with all-cause, nor cardiovascular mortality 

Xu H, et al CJASN 2014;9(12):2104-10 



Effect modification IR and death:  

BMI, smoking, physical activity 
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Subgroup analysis: IS appears as an 

independent correlate of mortality 

among individuals with unhealthy 

lifestyle: physically inactive, smokers, 

and BMI≥ 25 kg/m2  

Xu H, et al CJASN 2014;9(12):2104-10 
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De Boer IH et al, Diabetes Care. 2012, 35:1355-1360. 

Similar finding : 3138 elderly, 1810 death. IR as measured with 

OGTT was associated with all-cause mortality, but the significance 

was lost after further adjustment for eGFR 



Improving CKD outcomes by interventions  

of IR : Can We Do It? 

 

1. Lifestyle modification 

2. Dietary modification. 

3. Physical activity. 

4. Smoking cessation 

5. Pharmacologic interventions that modulate IR: 

 

 Metformin, Thiazolidinediones,RAAS blockers,  

 Vitamin D therapy 

 Antioxidants 

 Dialysis modality 

 Icodexin 

 



Jaaakko Tuomilihital et al, N Engl J Med 344:1343–1350 
29 

IR was improved in 

Intervention group 

for healthy life 

style 



1,25-Dihydroxyvitamin D3 corrects 

 insulin sensitivity in uremia 
 

Mak et al. Kidney Int 53, 1353-1357, 1998;   Kaukzky W et al, KI 1995;47:200-206;     

Quesadai etal NDT 1990:5; 1013-1017 

A series of the 

intervention 

studies showed 

that calcitriol 

administration 

improved IR in 

ESRD with HD 



Impact of dialysis therapy on insulin 

sensitivity  

HD: n = 10; CAPD: n = 9 

IS by hyperinsulinemic 

euglycemic clamp 

Markedly improved insulin 

sensitivity in both HD and CAPD 

patients after 4-5 weeks of 

dialysis 

Kobayashi et al.: NDT 15: 65-70, 2000 



32 de Moraes TP et al .NDT 2015 (30): 1905-1911;          H Xu et al .NDT 2015 (30): 1783-1785 

 

Markedly decreased HOMA-IR  

in intervension group with 

icodextrin after 90 days. 



What did I say? 

Hong.xu.2@ki.se 

1. IR is common in CKD and a consequence of kidney dysfunction. 

2. Mechanisms leading to IR are largely unclear in CKD, but uremic toxins, 

acidosis, vitamin D deficiency, and others show associations with IR in 

human and experimental studies. 

3. Clinically, IR can be estimated by a variety of methods. Although HEGC is 

the gold standard, estimated IS indices (HOMA, QUICKI; OGTT-derived) 

provide satisfactory estimates of IR in CKD to be use at bedside.  

4. IR is in general linked to worse outcomes (CVD- and all-cause mortality). 

5. Some prevalent but modifiable risk factors in CKD further contribute to 

worsen insulin resistance: obesity, sedentary lifestyle, or unhealthy diet. 

6. Various interventions targeting IR may be beneficial in CKD patients: 

Vitamin D therapy, dialysis modality, icodextrin based solution 
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Net splanchnic glucose balance 

and splancnic glucose uptake in 

uremic and control subjects during 

the postabsorptive state and after 

euclycemic hyperinsulinemia 

DeFronzo,  et al .J Clin Invest 67:563-68,1981 

Control 

Uremia 

DeFronzo, et al: J Clin Invest 425-35,1978 
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M Larisa Trirogoff et al, AJCN 86: 1642-1648, 2007 



37 

Inflammation and insulin resistance 

Among individuals with CKD, IL-6 is a strong predictor of IR 

Nephrol Dial Transplant (2011) 26: 2814–2819 


