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Nutritional approach in CKD

Reduce Renal & CV risk

low-protein
[ high-carbohydrate ]

normal/high-energy

Diet

Glucose control in DKD ?

- Improve uremia

- Prevent PE-wasting

- Reduce CKD progression

Goals
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- Body weight goal

- Glucose, BP, lipids goals

- Prevent diabetes compl.

Reduce CV risk CKD progression ?

low-carbohydrate
[ high-protein ]

low-energy

Nutritional approach in DM

DietGoals
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Chronic Kidney Disease:
Treatment (2).

11.5 For people with non dialysis-dependent chronic kidney disease, dietary 

protein intake should be approximately 0.8 g/kg body weight per day 

(the recommended daily allowance). For patients on dialysis, higher levels of 

dietary protein intake should be considered. B

11.6 In nonpregnant patients with diabetes and hypertension, either an ACE 

inhibitor or an angiotensin receptor blocker is recommended for those with 

modestly elevated urinary albumin-to-creatinine ratio (30-299 mg/g creatinine) 

B and is strongly recommended for those with urinary albumin-to-creatinine 

ratio ≥300 mg/g creatinine and/or estimated glomerular filtration rate <60 

mL/min/1.73m2. A

Microvascular Complications and Foot Care: 

Standards of Medical Care in Diabetes - 2019. Diabetes Care 2019;42(S1)
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MNT: Energy Balance.

5.9 Weight loss (>5%) achievable by the combination of reduction of 

calorie intake and lifestyle modification benefits overweight or obese 

adults with type 2 diabetes and also those with prediabetes. Intervention 

programs to facilitate weight loss are recommended. A

Body Mass Index (BMI) Category (kg/m2)

Treatment
25.0-26.9

(or 23.0-26.9*)

27.0-29.9 30.0-34.9

(or 27.5-32.4*)

35.0-39.9

(or 32.5-37.4*)

≥40

(or ≥37.5*) 

Diet, physical activity 

& behavioral therapy
┼ ┼ ┼ ┼ ┼

Pharmacotherapy 
┼ ┼ ┼ ┼

Metabolic surgery 
┼ ┼ ┼

*  Cutoff points for Asian-American individuals.

┼  Treatment may be indicated for selected, motivated patients.

Lifestyle Management: 

Standards of Medical Care in Diabetes - 2019. Diabetes Care 2019;42(S1)

Obesity Management for the Treatment of Type 2 Diabetes: 

Standards of Medical Care in Diabetes - 2019. Diabetes Care 2019;42(S1)
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Energy related Nitrogen Balance in CKD

Slomovitz, Kidney Int 1989

GFR< 25 ml/min:

<60 years: 35 kcal/kg idBW/day

>60 years: 30-35 kcal/kg idBW/day
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low-carbohydrate, low-energy diet
[ high-protein ]

or
low-protein, normal-energy diet

[ high-carbohydrate ]

Nutritional Treatment in DKD ?

which Diet ?
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AGENDA:

◼ Low-Carbohydrate diet in DKD

◼ Low-Protein diet & Glucose metabolism in DKD

◼ LPDs / Patterns & DKD outcomes

◼ The dark side of LPDs & DKD

◼ Summary
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Low-carbohydrate diet and DKD

Mitchell, Ann NY Acad Sci 2019
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Low-carbohydrate diet and DKD

Suyoto, Diab Met Res 2018

eGFR

Creat. Clear.

Albuminuria

- Meta-analysis, 12 RCT: 952 participants (500 LCD and 442 control diets)
- General population; Age, 44-63 y
- Outcomes: markers of renal function
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Glucose & Insulin homeostasis in CKD

▪ In CKD the glucose metabolism is impaired because of reduced insulin sensitivity 
(not related to GFR, only in part related to lifestyle and diet)

Study: cross-sectional; CKD: 59 non-diabetic CKD stage 4-5; Controls: 39 healthy
subjects; Methods: euglycemic clamp & glucose test; Outcome: insulin sensitivity, 
clearance, and secretion and glucose tolerance

de Boer, J Am Soc Nephrol 2016
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Insulin Resistance in CKD

Spoto, Am J Physiol Renal Physiol 2016
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Insulin resistance in CKD: the culprit is Urea

CKD mice islets exposed to glucose

normal mice 
islets exposed

to urea 

CKD mice 
islets

Koppe, J Clin Invest 2017

Diapositiva preparata da VINCENZO BELLIZZI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Koppe, J Clin Invest 2017

normal mice exposed to urea in tap water 

Insulin resistance in CKD: the culprit is Urea

▪ Insulin secretory defects in CKD arise from elevated circulating levels of urea
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LPDs & Glucose homeostasis in CKD/DKD

▪ In CKD non-DM, plasma levels of glucose and insulin 
decrease after LPD, indicating restoring of insulin sensitivity 
and improving of glucose tolerance [Rigalleau, Kidney Int 1997]

▪ Small trial in CKD 3-4 type-2 DM → 1 year LPD vs. free diet 
→ unchanged serum glucose and decreased the glycated
hemoglobin [Meloni, J Renal Nutr 2002] 

▪ Small trial in progressive CKD type-I DM → LPD lowered the 

glycated hemoglobin [Hansen, Kidney Int 2002]Diapositiva preparata da VINCENZO BELLIZZI e ceduta alla Società Italiana di Diabetologia. 
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KA-LPD & Metabolism in DKD

Bellizzi, BMC Nephrology 2016

Study: prospective, controlled; N: 81 DM, 116 CON; CKD: stage 4-5; Age: 65 y; Follow-up: 
6 mts to 3 years; Diet: 0.5-0.6 g/kg/d + ketoacids; Outcome: weight; albumin; body comp.
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KA-LPD & Metabolism in DKD

Bellizzi, BMC Nephrology 2016

Study: prospective, controlled; N: 81 DM, 116 CON; CKD: stage 4-5; Age: 65 y; Follow-up: 
6 mts to 3 years; Diet: 0.5-0.6 g/kg/d + ketoacids; Outcome: weight; albumin; body comp.
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Uric Acid & Insulin Resistance

▪ Hyper-uricemia may be associated to insulin resistance [Avula, J 

Clin Diagn Res 2016]

▪ Hyper-uricemia may be a consequence of insulin resistance 
(lower excretion) but uric acid has also a causal role in diabetes 
[Facchini, JAMA 1992; Johnson, Diabetes 2016]

▪ In models of metabolic syndrome, lowering the uric acid 
improves the insulin resistance [Baldwin, Diabetes 2011]

▪ Direct evidences in humans are limited. In diabetics treated 
with allopurinol it was observed an improvement of glycated
hemoglobin [Dogan, Blood Press 2011]

▪ KA-LPD → urea reduction → insulin resistance reduction 
(lower uric acid) → glucose profile improvement 
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Mild LPD improves the progression of diabetic nephropathy (in adherent patients)

- Age: 33-67 y
- GFR: 76 ml/min/1.73m2

- Diet: 0.6-0.8 g/kg/d vs. 1.0-1.6

13 RCT, 779 DKD Outcome: GFR; U-prot; HbA1C; nutrition

2013

Low-normal 
protein diet [< 

0.9 g/kg] 
improves 
AbA1C, 

improves GFR, 
no effect on 

proteinuria, no 
malnutrition
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- 6.213 T2-DM pts, no CKD
- FU = 5.5 y
- Renal outcomes

OBJECTIVE

To examine the association between 
healthy diet, alcohol, protein and 
sodium intake and incidence or 
progression of CKD among individuals 
with type 2 diabetes

CONCLUSIONS AND RELEVANCE

A healthy diet and moderate intake of 
alcohol may decrease the incidence 
or progression of CKD among 
individuals with type 2 diabetes. 
Sodium intake, within a wide range, 
and normal protein intake are not 
associated with CKD

6200 pz T2-DM, NO microalbuminuria Outcome: Albuminuria or eGFR loss >5%/y

Dunkler, JAMA Intern Med 2013
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Dunker, Nephrol Dial Transpl, 2015

- 3.088 DM, no CKD; FU 5,5 y
- Incidence or progression CKD

and Death
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Protein Intake in CKD

Ko, Kalantar-Zadeh, Curr Opin Clin Nutr, 2016
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Ikizler, Kidney Int, 2013

Protein-Energy Wasting in ESRD

more proteins
and aminoacids

sarcopenia
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Study: prospective, controlled

Pts: 81 DM, 116 CON; 65 y

CKD: stage 4-5

Follow-up: 6 mts to 3 years

Diet: 0.5-0.6 g/kg/d + ketoanalogs

Outcome: weight; albumin; body composition
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Bellizzi, BMC Nephrology 2016

KA-LPD & Weight in DKD

Study: prospective, controlled; N: 81 DM, 116 CON; CKD: stage 4-5; Age: 65 y; Follow-up: 
6 mts to 3 years; Diet: 0.5-0.6 g/kg/d + ketoacids; Outcome: weight; albumin; body comp.
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Bellizzi, BMC Nephrology 2016

KA-LPD & Body Comp. in DKD

Study: prospective, controlled; N: 81 DM, 116 CON; CKD: stage 4-5; Age: 65 y; Follow-up: 
6 mts to 3 years; Diet: 0.5-0.6 g/kg/d + ketoacids; Outcome: weight; albumin; body comp.
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Bellizzi, BMC Nephrology 2016

KA-LPD & PE-Wasting in DKD

Study: prospective, controlled; N: 81 DM, 116 CON; CKD: stage 4-5; Age: 65 y; Follow-up: 
6 mts to 3 years; Diet: 0.5-0.6 g/kg/d + ketoacids; Outcome: weight; albumin; body comp.
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Bellizzi, BMC Nephrology 2016

Safety of KA-LPD in DKD

 The body weight declines after the start of KA-LPD, 
but remains stable in the long-term and is not 
associated with both Sarcopenia and Dynapenia

 A long-term KA-LPD has no impact on PEW

 In well-nourished, non-dialysis CKD 4-5 patients 
with diabetes and under regular nephrology and 
dietitian surveillance, a KA-LPD is nutritionally safe Diapositiva preparata da VINCENZO BELLIZZI e ceduta alla Società Italiana di Diabetologia. 
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Diabetic Kidney Disease Food Piramid

Ko, Nutrients 2017; Tuttle, Am J Kidney Dis, 2014 ; KDOQI, Am J Kidney Dis, 2007
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Benefits and Risks of LPDs in DKD

<0.3       0.3-0.4       0.6-0.8       0.8-1.0       1.0-1.2       1.2-1.5       >1.5

Protein Intake, g/kg/day

Protein-energy 
wasting risk

Slowing CKD 
progression

Glucose
control

Insulin
resistance

Targeting low-protein diet for 
eGFR ≤ 45 ml/min/1.73 m2
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