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Nitrogen Balance, Protein and 
Exercise in Healthy individual



Total Nitrogen Losses (TNL)

Nitrogen Balance

BALANCE= IN = OUT

External nitrogen  factors, 
assessed:

• Protein intake g/kg/BW/day
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

Adapted from Mafrici et al 



Total Nitrogen Losses (TNL)

Nitrogen Balance

Internal nitrogen metabolism not assessed:
- Digestion absorption of amino acids
- Incorporation into muscle, structural 

proteins, cell membrane
- Manufacture of enzymes, proteins in the 

immune system, proteins in the blood, 
signalling proteins

- Deamination and production of N containing 
metabolites

External nitrogen  factors, 
assessed:

• Protein intake g/kg/BW/day 
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

Adapted from Mafrici et al 



Adapted from Mafrici et al 

Nitrogen Balance



Amino acids in exercise
• Timing

Protein clock
Amino acids cannot be stored
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Point of protein ingestion

Protein should be divvied up into 
even portions for sustained and 
elevated MPS ````

```````
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Before exercise?

After exercise?

Before bed? 



‘Biological value’ of protein

• Leucine Load15

• Leucine is the push to start 
muscle protein synthesis

• 3-5g to upregulate muscle 
protein synthesis15

Animal protein

Pros Cons

Complete amino acid Acid load

Smaller volume/g 
protein

Phosphorous content

Urea genesis

Plant protein

Pros Cons

Lower acid load Imbalanced  amino acids

Less bioavailable source of 
phosphorous

More volume to consume

Source of fibre

Source of valuable 
micronutrients

MPS



Nitrogen Balance, Protein and 
Exercise in Kidney disease



Adapted from Mafrici et al 

Nitrogen Balance in Kidney disease



Factors influencing nitrogen balance in 
dialysis

Dialysis Causes of nitrogen losses Factors influencing nitrogen losses

HD, HDF, 
HHD, NHD

• Dialysis techniques (hemofiltration and hemodiafiltration techniques induce greater membrane permeability and facilitate 
greater losses of amino acids into the dialysate)

• Haemodilution before the dialytic procedure
• Inflammation and oxidative stress:

o Inflammatory activity by contact with the dialyzing membrane
o Inflammatory response (i.e. high CRP) 
o Uremic hypercatabolic with chronic inflammatory status (uremic wasting syndrome)
o role of inflammation from the gastrointestinal tract (unclear)

• Solute removal
• Pore size of the dialyzer membrane 
• Multiple dialyzer reuse
• High dialysis efficacy and adequacy (Kt/V)
• Dialysis membrane (diffusion):

o physiochemical characteristics
o electric charge
o polymer composition
o interface free energy
o surface hydrophobicity or hydrophilicity
o thickness, protein accumulation
o capacity for capture of AA

• Ultrafiltration volume exchange and ultrafiltration rate (convection)
• Duration of dialysis regimens
• Blood and dialysate flow
• Depuration effectiveness

• Pre-treatment plasma concentrations  
• Dialysis vintage
• Uremic disturbances in amino acid metabolism 
• Loss of functional renal mass 
• Residual kidney function
• Metabolic acidosis 
• Hormonal derangements 

o Insulin resistance (promotes muscle proteolysis)
o Parathyroid hormone 

• Comorbidities
• Psychosocial Factors (depression, lack of social support financial constrains)
• Decreased physical function and exercise 
• Catabolic effects of the dialysis treatments
• Factors that may potentially affect binding of some AA with plasma proteins 
• Transfer of AA through dialysis membrane pores and their absorptive effect
• Sample handling (timing, storage time and temperature)
• Reduced activity of protein
• Molecular weight of amino acids
• postprandial and postabsorptive state (which, leads to greater AA removal during hemodialysis)
• Inadequate nutritional intake, specifically low dietary protein
• Intradialytic food consumption/nutrition 
• Ingestion of protein during dialysis
• Intradialytic exercise (unclear)

PD (CAPD, 
APD)

• The transport of big molecules throughout the peritoneal capillary endothelium is mostly conditioned by the vasodilation and 
intercellular fenestra status.

• Dialysis techniques (CAPD & APD)
• Inflammation and oxidative stress:

o Inflammatory response (i.e. High CRP) 
o Uremic hypercatabolic with chronic inflammatory status (uremic wasting syndrome)
o High glucose solution and its degradation products can cause chronic inflammatory reactions and peritoneal fibrosis

• Solute removal
• Duration of dialysis regimens
• Presence of absence of feeding during dialysis 
• Pre-treatment plasma concentrations  
• Loss of functional renal mass
• Dialysis composition (i.e. concentration of glucose for PD)
• Hydrostatic pressure–driven leak of plasma proteins through the large-pore pathway
• Overhydration (linked with higher losses leak of plasma proteins through the large-pore pathway)

• Inflammation 
• Peritoneal fibrosis
• Time receiving PD (over 4 years) 
• Peritonitis episodes
• Molecular weight of protein (the lower the molecular weight of the protein, the higher its concentration in dialysate 

compared with plasma)
• Decrease of peritoneal protein transport with PD duration 
• Vasculopathy (a sign of membrane dysfunction, leading toa decree in PPL)
• Comorbidities:  cardiovascular disease is associated with increase PPL losses (however, PPL do not seem to 

influence medium-term patients’ survival)
• Hormonal derangements 

o Insulin resistance (promotes muscle proteolysis)
o Parathyroid hormone 

• Nutritional status 
• Dietary protein intake
• Kidney residual function 
• Medications (such as ACE inhibitor) 
• Incremental dialysis 
 



Nitrogen Balance
Amino acid roles: not just protein!
Protein Formation Other roles

Protein in the Immune system
(i.e. Antibodies)

Neurotransmitters  and pre-courses

Protein for Muscle Mass
(actin, myosin)

Hormones (Thyrosine)

Protein for Structure
(Callogen)

Specific role in Muscle Mass Synthesis (MMS) , such as  Leucine

Enzyme for digestion and absorption Amino acids play a role in the synthesis of purine and pyrimidine 
nucleotides (DNA)

Signaling protein Energy (when the removal of nitrogen occur)

Protein in the blood Sulphur containing AA form bile

Cell Membrane Other functions not fully understood (D-serine; D-alanine, 
especially in kidney disease)



Protein Requirements Healthy Adult
In Healthy adults
•  WHO 2007 – 0.83g protein per kg of BW
• Health, Age, Activity  
• Daily distribution, Protein quality
• This value represents the minimum rather than the ideal requirements and is 

likely to vary between individuals

0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5      1.6 1.7 …2.0

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65

PROT-AGE ESPEN 
Adults over 65
malnutrition

Athletes



Landscape of CKD is changing 2026



Basic 
principles of 
Protein in 
CKD

• Protein should never be considered in 
isolation (age, Health status, PAL, 
metabolic status, nutritional support, 
other medical conditions, medication,  
etc.)

• We don’t eat protein but food
• Relationship between protein and energy 

and fluid
• In CKD high fiber and plant-based protein 

are preferable, which mirror 
DASH/Mediterranean diet



Protein requirements CKD 1-2

0.55 0.6 0.7 0.8 0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5   1.6    2.0

KDIGO 
2024
Avoid to 

exceed in  
people at risk 

of disease  
progression 

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65 PROT-AGE ESPEN 

Adults over 65
malnutrition

Athletes

Unclear area
External nitrogen  factors, assessed:

• Protein intake g/kg/BW/day
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

GLP1 agonist



Protein requirements CKD 3-5

0.55 0.6 0.7 0.8 0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5   1.6    2.0

KDIGO 
2024
Avoid to 

exceed in  
people at risk 

of disease  
progression 

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65 PROT-AGE ESPEN 

Adults over 65
malnutrition

Athletes

External nitrogen  factors, assessed:
• Protein intake g/kg/BW/day
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

GLP1 
agonist

KDIGO 
2024

CKD 3-5 

KDOQI 2020 
Diabetes CKD 3-5

KDOQI 2020 
No Diabetes

CKD 3-5 

NICE 2021
Do not offer low-protein diets (dietary 

protein intake less than 0.6 to 0.8 g/kg/ 
day) to adults with CKD.  



Protein requirements CKD 3-5
eGFR ml/min per 

1.73m2
People with Diabetes People without Diabetes

KDOQI 2000 < 25ml/min < 0.6g protein/kg body weight/day
If not tolerated 0.75g protein/kg/body weight

Cochrane Review 2007 Moderate to severe
< 30ml/min

More research needed as compliance to a low 
protein diet was not achieved (intake was 0.7-

1.1g/protein/kg/ BW/day)
n/a

Cochrane Review 2009( Moderate to severe
< 30ml/min n/a

Reducing protein intake in patients with chronic kidney disease reduces 
the occurrence of renal death by 32% as compared with higher or 

unrestricted protein intake. The optimal level of protein intake cannot be 
confirmed from these studies.

KDIGO Guidelines 
2012

< 30ml/min 0.8g/kg/BW/day
avoid >1.3g/kg/BW/day in people at-risk of progression

UKKA 2019, endorsed 
by RNG

< 30ml/min 0.8-1.0g /kg/ideal BW/day

KDOQI 2020 < 60ml/min 0.6-0.8 g/kg/BW/day
(Opinion)

In adult with CKD 3-5 who are metabolically stable we recommend under 
close supervision protein restriction with or without keto analogues, to 
reduce the risk of ESKD /death (1A) and Improve QOL (2c): 
• 0.55-0.6g/kg/BW /day or
• 0.28-0.43 g/kg/BW/day + keto acid/amino acid analogue

Cochrane - Meta 
analysis 2020

< 30ml/min n/a Very low protein diet may reduce ESKD progression. No data on QOL. 
Studies on QOL are needed before implementation of very low protein diet. 

KDIGO 2020 (unclear)
< 60ml/min 

0.8 g/kg/BW/day

NICE  2021 guidelines (unclear)
< 60ml/min 

Do not offer low protein diet, dietary intake less than 0.6-0.8g/kg/BW/day to adults with CKD.

KDIGO  2024 CKD 3-5 0.8g/kg/BW/day
avoid >1.3g/kg/BW/day in people at-risk of progression



Protein recommendations in CKD 3-5 vs Sport
Guidelines Protein per kg/ body 

weight/day (CKD3-5)
Grade of evidence

KDOQI 2020

0.55-0.6g/kg (0.6-
0.8g/kg in those 
with diabetes)

Opinion

KDIGO 2024

Aim for <0.8g/kg

Avoid intake 
>1.3g/kg  

Grade 2C

NICE NG203 
2021 0.6-0.8g/kg Based on KDIGO 

2024

Recommendations Protein per 
kg/bodyweight/day

Quality of Evidence

BASES 2022 >1.6g/kg Opinion

ISSN 2017

Minimum 1.4-
2.0g/kg

>3g/kg to 
preserve FFM

Opinion

British Association of Sport and Exercise Sciences 

International Society of Sport Nutrition

14



Ideal vs Actual BW vs other 
markers?

- Without significant proteinuria= PCR 
<50mg/mmol or ACR <30mg/mmol
- Stable eGFR = eGFR dropping less than 
<3mL/min/1.73m2/year
- Activity level – how much high intensity exercise? 
- Their body composition – how much lean tissue?

Cystatin C based eGFR?



Muscle loss 
in CKD

• Prevalence of frailty in CKD: 14-40.4% 
• 23% of a cohort with CKD5 <50 years had 

frailty
• In 751 19-39 year olds with CKD3a-ESRD 

25.2% had a ‘low’ HGS

Strength loss

CKD bundle
(acidosis, 

uraemia, insulin 
resistance)

Muscle wastage

Hospitalisation / 
deconditioning

Malnutrition
Lack of activity

Poorer health outcomes
and development

Pre-dispose to 
osteosarcopenia

Poorer QoL



Importance of exercise
• Renal Association Guidance:
• 150 mins moderate exercise and/or 

75 mins vigorous 
• Exercise focusing on muscle function 

twice/week

Exercise 
Deficit 

Disorder

Muscle 
Wastage

Physical 
Illiteracy

Decreased 
habitual 
exercise

Loss of 
physical 
Activity

Reduced 
HGS, gait 

speed and 
muscle 

mass

Reduced 
confidence, 
competence 

and 
motivation 

• Vigorous examples:
Cycling, football/rugby, 
martial arts, resistance 
exercise . . 

907 people with CKD 3-5 
- 29% reported no led activity
- 30.2% were insufficiently 
active

6

The inactivity triad



Protein requirements Kidney transplant

0.55 0.6 0.7 0.8 0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5   1.6    2.0

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65 PROT-AGE ESPEN 

Adults over 65
malnutrition

Athletes

KDIGO 
2024

CKD 3-5 

KDOQI 2020 
Diabetes CKD 3-5

KDOQI 2020 
No Diabetes

CKD 3-5 

NICE 2021
Do not offer low-protein diets (dietary 

protein intake less than 0.6 to 0.8 g/kg/ 
day) to adults with CKD.  Re enter the CKD cycle?

Although strong evidence is still lacking, a low protein 
diet of 0.6–0.8 g/kg/day with at least 50% of the protein 
source from plant-based components in kidney 
transplant recipients with stable kidney allograft 
function should be considered as the dietary target.

2021

KDIGO 
2024
Avoid to 

exceed in  
people at risk 

of disease  
progression 

Up to 1.4g 
during the 

first 4 
weeks

2023



Protein requirements in dialysis 
Guidelines HD PD HHD NHD
National Kidney Foundation/ Kidney Disease Outcomes Quality 
Initiative (KDOQI) 2020

1.0-1.2g 1.0-1.2g No Data No Data

UK Kidney Association (UKKA) 2014 1.1-1.4g 1.0-1.2g
Japanese Society of Dialysis Guidelines (JSDG) 2014 0.9-1.2g 0.9-1.2g

Caring for Australasians with Renal Impairment  (CARI) 2014 1.1g 1.0 -1.2g

Renal Nutrition Group British dietetic Association  (RNG, BDA) 2001 Min 1.1g 1.0 - 1.2g

European Renal Best Practice (EBPG) 2007 1.1-1.2g -

European Renal Best Practice (EBPG) 2005 - 1.1-1.3g

European Society for parenteral and enteral nutrition (ESPEN) 2006 1.2-1.4g 1.2-1.5g

National Kidney Foundation/ Kidney Disease Outcomes Quality 
Initiative (KDOQI) 2000

1.2g 1.2g-1.3g



Protein requirements Haemaodialysis 

0.55 0.6 0.7 0.8 0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5   1.6    2.0

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65 PROT-AGE ESPEN 

Adults over 65
malnutrition

Athletes

External nitrogen  factors, assessed:
• Protein intake g/kg/BW/day
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

KDOQI 2020 

UKKA 2019



Protein Losses
• Mean amino acid can vary between 9.3 -10g per session
• Difference between HD and HDF

3 sessions/week: 18-30g protein lost/week



Protein Losses are complex



Protein requirements Peritoneal Dialysis 

0.55 0.6 0.7 0.8 0.83 0.9 1.0 1.1 1.2 1.3 1.4 1.5   1.6    2.0

WHO 
2007

PENG 
2025

PROTAGE ESPEN 
Adults over 65

DGA 2025-2030

PROT-AGE ESPEN Adults 
over 65 PROT-AGE ESPEN 

Adults over 65
malnutrition

Athletes
External nitrogen  factors, assessed:

• Protein intake g/kg/BW/day
• Energy, Fluid, Aging
• Physical Activity
• Metabolic status
• Nutritional Status
• Disease
• Medication 
• Standard losses (TNL) 

KDOQI 2020 

UKKA 2019

CARI 2014

JDSG

Peritonitis



Protein
• Protein losses on dialysis 
- Protein shedding into dialysate
- 4.37-10.0g protein lost per day 

on PD 

5 sessions/week: 21.85-50g protein lost/week
7 sessions/week:  30.59-70g protein lost/week

Guidelines Protein per kg/ body 
weight/day (CKD3-5)

KDOQI 2020 0.55-0.6g/kg (0.6-0.8g/kg in 
those with diabetes)

NICE NG203 
2021 

0.6-0.8g/kg 

KDIGO 2024 <0.8g/kg 

Guidelines Protein per kg/ body weight/day on PD

Range of 
recommendations

0.9-1.5

• Arrival onto dialysis 

- Prior advice

• As PD vintage increases so does 
protein leakage 

• Overall risk of protein energy 
wasting (PEW)



Peritonitis
• Significantly increases protein losses 
- Due to inflammation of the peritoneum 
resulting in more filtration 
- Hypercatabolic state

36% more protein lost

- Depends on presentation 

- Loss of appetite?

- Abdo-pain?

- Nausea/vomit?

To supplement or not to supplement?



It’s not just plugging the gap

What about exercise?



Exercise in Haemodialysis 

Who should exercise – Stable on maintenance haemodialysis
 
What kind of exercise?
 



Exercise in PD
• Renal Association Guidance7:
• 150 mins moderate exercise and/or 

75 mins vigorous 
• Exercise focusing on muscle function 

twice/week

What kind of exercise?
 
When to start
 



In summary!

• Protein and amino acid needs are more than just muscles
• Estimated protein requirements should be individualised. Consider: current protein 

intake, activity level, stage of CKD and KRT and other co-morbidities
• Where possible, we should be recommending whole food sources of protein with 

incorporation of plant-based sources of protein. 
• If we are focusing on protein for muscle, then we also need adequate energy and 

activity to be in place to best promote muscle adaptation. 
• Exercise is good. Just do it with consideration for their safety.
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