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What are 

the 

minerals 

of 

interest

?

Phosphorus Calcium

Sodium



What is 

happening 

to 

mineral 

control?

Idiopathic hypercalcemia

During early and mid-stage 

CKD, total Calcium is high or 

normal iCA is normal or low
Increased phosporus and 

reduced renal clearance 

results in complexes forming 

and explains reduced iCA

Serum PTH is often elevated 

from the CKD related calcium 

and phosphorus concentrations



What is 

the  

desired 

outcome?

Control of circulating 

minerals

Reduction of renal 

toxins

Optimized renal 

function

Reduced risk of CaOx 

stones



Calcium control mechanism

calcitriol

calcitriol

Parathyroid Hormone

calcitonin

Parathyroid Hormone

Increase Ca and Phosphate Absorption

Increase Ca and Phosphate Reabsorption

Increase Ca Reabsorption and Phosphate Excretion

Decrease Ca Resorption

Increase Ca Resorption



Accurate 

Diagnosis 

of

Hypercalcem

ia

1 Physical Exam

2
Measurement Complete Blood 

Count (CBC)

3
Measurement of Serum 

Biochemistry

4 Urinalysis

5 Measurement of iCa and PTH



What do 

we look 

for in 

the 

laborator

y 

monitorin

g?

Total Ca >10.8 mg/dL

Ionized Ca > 5.6 mg/dL

Increasing Creatinine > 2.1 mg/dL

Increasing SDMA > 14 ug/dL

Urine protein/creatinine > 0.4

Urine specific gravity  < 1.035



Calcium 

Oxalate Stone 

Formation



Ca Ox 

stone 

formation

Calcium based stones account 

for 

up to 75% of feline stones 

Caused by oversaturated with 

Ca and Ox

Hypercalciuria appears to be 

more important than elevated 

oxalate

Risk slightly reduced with 

increased pH

Some breeds and genotypes are 

more prone to CaOx stones



How do we 

reduce the 

incidence 

of 

Ca Ox 

stone 

formation?

Increase water output (see my 

next talk!)

Reduce Ca and Ox excretion

Maintain neutral to slightly 

alkaline pH

Promote and increase urolith 

inhibitors



Food 

Effects on 

Hypercalce

mia/Hyperc

alciuria 

and Risk 

of Calcium 

Oxalate 

Stone 

Formation 

in Cats

PLoS ONE 12(10): e0187133. https://doi.org/10.1371/journal. pone.0187133



Controlled 

Ca and 

Phos were 

the base

Added PUFA

were the 

treatment
Calcium 0.210 gm/100 Kcal

Phosphorus 0.0.192 gm/100kcal



Controlled 

Ca and 

Phos were 

the base,

Added PUFA

were the 

treatment
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Struvite RSS Ca Ox CORI

Control Test

Control      vs Test       after 56 days of feeding

Both Struvite RSS and the Ca Ox Risk Index 

were reduced



Gene 

Effects on 

Risk of 

Calcium 

Oxalate 

Stone 

Formation 

in Cats

Genes 2022, 13, 791. https://doi.org/ 10.3390/genes13050791`



Gene 

Effects on 

Risk of 

Calcium 

Oxalate 

Stone 

Formation 

in Cats

A single allele was isolated from a 

genome wide association study of 445 cats

showing a strong association with the region

where the AGXT2 gene is centered 
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Gene 

Effects on 

Risk of 

Calcium 

Oxalate 

Stone 

Formation 

in Cats

Body Weight and Food Intake Were Unchanged



Gene 

Effects on 

Risk of 

Calcium 

Oxalate 

Stone 

Formation 

in Cats

Struvite RSS remained below one 

CaOx RSS 

was significantly improved in the 

GG genotype



What happens 

as health 

declines?
• Circulating 

mineral 

concentrations 

may change

• Glomerular 

Filtration 

declines

• 1α-hydroxylase 

enzyme declines 

• calcitriol 

production 

decreases



What marks 

this renal 

decline?• SDMA and 
creatinine 

increase 

resulting from 

GFR decline

• Increased serum 
phosphate

• Increased FGF-23

• Decreasing 
calcitriol

• Changing iCa
leading to 



What was 

first 

done to 

aid in 

the 

managemen

t of 

kidney 

disease?

•Controlled 
phosphorus

•Balanced calcium

•Controlled protein



Was this 

effective

?



Phosphorus 

restriction 

is at the 

heart of 

mineral 

nutrition to 

aid in the 

management of 

renal disease

Calcium g/100 kcal 0.163                          

0.220

Phos         g/100 kcal 0.116                         

0.180                    



Was this 

effective

?



What 

laboratory 

monitoring 

has been 

added to 

follow the 

progress of 

renal 

decline?

Estimates of GFR through SDMA

Calcium and ionized calcium

FGF-23 as a P balance indicator

Urinalysis

Measurments of renal toxins



What has 

followed to 

improve the 

aid in the 

management 

of kidney 

disease?

Early Intervention

Other Nutrients

Focused Dietary Protein, 

Calcium and Phosphorus



Early 

intervention 

reduces SDMA 

and 

creatinine,

enhancing 

glomerular 

filtration 

rate Calcium 0.217 g/100 Kcal

Phosphorus 0.203 g/100 Kcal

Energy 409 kcal/100 gm DMB



DHA&EPA, 

antioxidants 

and 

carnitine 

can enhance 

the aid in 

the 

management 

of renal 

disease



Betane and 
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Betane and 

fiber can 

enhance the 

aid in the 

management 

of renal 

disease

Calcium 0.217 g/100 Kcal

Phosphorus 0.203 g/100 Kcal

Test food had added betaine at 0.500% 

prebiotics: oat beta-glucan (0.586%) 

short-chain fructooligosaccharides (0.407%).



Betane and 

fiber can 

enhance the 

aid in the 

management 

of renal 

disease



Betane and 

fiber can 

enhance the 

aid in the 

management 

of renal 

disease Control food resulted in increased uremic toxins 

as compared to test food

For each metabolite, mean value is the group mean 

of re-scaled data to have median equal to 1



How has 

controlled 

protein 

advanced to 

better aid in 

the 

management of 

kidney 

disease?

Protein value is like a barrel, 

each stave is an amino acid 

and the value is defined by 

the amount of water the barrel holds



How has 

controlled 

protein 

advanced to 

better aid in 

the 

management of 

kidney 

disease?



How has 

controlled 

protein 

advanced to 

better aid in 

the 

management of 

kidney 

disease?

Values are grams/100 kcals
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controlled 

protein 

advanced to 

better aid in 
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management of 

kidney 

disease?

Control food is grey

Test food is black
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How has 

controlled 

protein 

advanced to 

better aid in 

the 

management of 

kidney 

disease?

Control food is grey

Test food is black



Phosphorus 

restriction 

is at the 

heart of 

mineral 

nutrition to 

aid in the 

management of 

renal disease

Calcium g/100 kcal 0.163                          

0.220

Phos         g/100 kcal 0.116                         

0.180                    
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Excessive 

phosphorus 

restriction 

in the 

presence of 

excess 

calcium is 

detrimental 

Similar results were reported 

with the 

highly phosphate restricted food 

resulting in 

increased ionized calcium which 

was 

resolved by a lower phosphate 

restricted 

food with lower Ca:P ratio.
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Excessive 

phosphorus 

restriction 

in the 

presence of 

excess 

calcium is 

detrimental 

Low Protein and

phosphate restricted

Moderate Protein and

phosphate restricted



Excessive 

phosphorus 

restriction 

in the 

presence of 

excess 

calcium is 

detrimental 

In conclusion, cats that 

appear to have ionized 

hypercalcemia induced by 

feeding a highly 

phosphate-restricted and 

high Ca : P ratio 

experience resolution of 

their hypercalcemia 

after transition onto a 

less phosphate-

restricted diet with a 

lower Ca : P ratio.



What 

measurements 

do we follow?

• Serum Creatinine: A classic marker does 

change with lean body mass

• SDMA (Symmetric Dimethylarginine): Has 

the value of changing earlier than 

creatinine and not influnenced by LBM

• Urinalysis: Foundational for assessing 

kidney function and for identifying 

secondary issues:

• Urine Specific Gravity (USG): A USG 

below 1.035 may indicate renal 

dysfunction.

• Urine Protein:Creatinine (UPC) Ratio: 

Measures protein loss in the urine.  

Persistent elevation (UPC >0.4) is a 

marker for CKD (and intervention!).

• Urine Culture: urinary tract infections 

are common in cats with CKD.

• Blood Chemistry (Electrolytes & 

Phosphorus): Especially monitoring for high 

calcium or phosphorus levels which again 

require intervention.

• Complete Blood Count (CBC): Used to 

monitor for anemia which may result from 

reduced erythropoietin production by 

failing kidneys.



What is 

recommended?

• Know your cat: Hypercalcemia can 
be a diagnostic challenge! 

• This review concentrated on 
hypercalcemia from CaOx stones or 
renal disease. The optimum 
nutrients matter.

• CaOx stone formation: Desired 
outcome is reduced incidence and 
recurrence (estimated by RSS or 
CORI). Suggestions not complete 
specs.

• Controlled calcium (0.150 to 
0.250 g/100kcal)

• Controlled phosphorus (0.125 to 
0.225 g/100kcal)

• Controlled urine pH (basically 
neutral (6.6 to 7.4)

• Added long chain PUFA (DHA > 
0.4, EPA > 0.5 mg/100 kcal)

• Added citrate (to establish pH, 
reduce RSS and CORI)

• Added Betaine (0.125 g/100 kcals 
or more)



What is 

recommended?

• Chronic Kidney Disease: 
Desired outcome is enhanced length and 
quality of life (suggestions not 
complete specs)

• Calcium (0.18 to 0.23 g/100 kcal)

• Phosphorus (0.10 to 0.16 g/100 
kcal)

• Controlled ratio (> 1.0 and < 1.5)

• Controlled sodium (> 0.06 and < 
0.10 g/100 kcal)

• Controlled high quality protein

• Protein >0.65 g/100 kcal

• Lysine > 0.35 g/100 kcal

• Methionine > 0.13 g/100 kcal

• Threonine > 0.25 g/100 kcal

• Arginine > 0.35 g/100 kcal

• Added long chain PUFA

• Combined EPA&DHA > 0.1 g/100 
kcal

• Added antioxidants 

• Vitamin E > 12.5 IU/100 kcal

• Vitamin C >  3.0 mg/100 kcal

• Added betaine > 125 mg/100 kcal

• Added Fiber ? > 0.5 insoluble 0.15 
soluble



Questions?


