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Why Should I Measure Serum Magnesium 
in Cats with Chronic Kidney Disease?   

Magnesium is an important mineral for various physio-
logic processes, such as ATP generation and bone 
formation, and an inhibitor of soft tissue calcification1,2. 
It is primarily stored in bone and muscle tissue, and only 1% 
of the total body magnesium stores is located in serum, in 
which it can be found in three fractions: ionised, protein-
bound, and complexed with anions1,3,4. A recent publication 
has suggested that low and high serum magnesium are 
important prognostic factors in feline CKD. 

Magnesium and CKD IRIS Stage 
Plasma total magnesium concentrations are relatively stable 
in cats with IRIS stage 2 and 3 CKD, and becomes elevated 
when renal excretory function is severely impaired in IRIS stage 
4 CKD5,6. In our recent study involving 174 cats with azotemic 
CKD, we identified hypomagnesemia (defined as serum 
total magnesium concentration <0.71 mmol/l) in 9%, 18% 
and 10% of cats with IRIS stage 2, 3, and 4 CKD, respectively6. 
Hypermagnesemia was only identified in 3% of cats with IRIS 
stage 2 CKD and 6% of cats with IRIS stage 3 CKD, but in 50% of 
cats with IRIS stage 4 CKD. Information on ionised magnesium 
was unavailable6. 

Magnesium as a Predictor of the Severity of Bone and 
Mineral Disturbances in CKD 
In human haemodialysis patients, an inverse relationship 
between serum magnesium and FGF23 concentrations has 
been observed7. FGF23 is a novel phosphaturic hormone 
which has been shown in cats to increase with IRIS stage8, 
predict the onset of azotemia in healthy adult cats9 and 
predict progression and survival in cats with established 
azotemic CKD10. FGF23 is accepted as being the earliest 
indicator of bone and mineral disturbances (previously called 
secondary renal hyperparathyroidism) associated with CKD. 

There is no commercially available assay for FGF23 at 
the present time for veterinary patients. However, we have 
found plasma total magnesium concentrations to be 
inversely associated with plasma FGF23 concentrations 
in each CKD IRIS stage6 suggesting that the lower the 
magnesium concentration is within IRIS CKD stages 2 and 3, 
the greater the chance that the cat has severe bone and 
mineral disturbances and the more focus there should be on 
restricting phosphate intake in that individual cat. 

Rodent studies suggest that dietary magnesium intake 
influences plasma FGF23 concentrations11. 

Dietary magnesium supplementation could potentially 
be an additional management strategy to lower plasma 
FGF23, just as dietary phosphate restriction is efficient in 
reducing plasma FGF23 concentrations12. We are not in 
a position to comment on the effectiveness of dietary 
magnesium supplementation in the cat at this stage as 
studies have not been done – hence we recommend strict 
control of phosphate in these patients where we know this 
reduces FGF23 and improves outcome for the cat12,13. 

Magnesium as a Prognostic Indicator 
Various observational studies have identified hypomagne-
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semia (based on serum total magnesium) as a risk factor 
for death in human patients with dialysis-dependent CKD 
and non-dialysis-dependent CKD14–17. Moreover, higher serum 
magnesium appears to attenuate the mortality risk 
associated with hyperphosphatemia in human CKD  
patients18. In cats, hypomagnesemia at diagnosis of azotemic 
CKD was also significantly associated with an increased risk 
of death, independent of age, packed cell volume, plasma 
FGF23, and severity of CKD and proteinuria6. Furthermore, low 
serum magnesium was associated with reduced survival and 
increased risk of progression in the unadjusted analysis. Thus 
cats with low magnesium need closer attention and more 
focus on control of phosphate. Our results also suggested 
that higher plasma magnesium attenuates the risk of death 
associated with hyperphosphatemia in cats, as it does in 
humans, but this observation needs further investigation. 
However, hypermagnesemia was also associated with an 
increased risk of death, but not after correction for CKD IRIS 
stage (50% of the cats in IRIS Stage 4 were hypermagnesemic). 

Therefore, this association was likely due to the increased 
prevalence of hypermagnesemia in cats with end-stage 
CKD6. 

Measuring Magnesium – is it Necessary to Measure 
Ionised Magnesium? 
Total magnesium can be measured by most laboratories 
in patient serum or heparinised plasma samples, but EDTA 
plasma needs to be avoided as it will lead to an erroneously 
low result19. Ionised magnesium is biologically active and 
therefore might better reflect magnesium status than total 
magnesium20,4. However, there is no consensus whether 
total or ionised magnesium best reflects body magnesium 
status and the current knowledge derived from the studies on 
humans and cats presented above is based on measurement 
of total magnesium. We derived a reference interval for 
plasma total magnesium from 120 apparently healthy senior 
cats of 1.73–2.57 mg/dL or 0.71–1.06 mmol/L6. 

Bone Disease and Soft Tissue Calcification – Why do 
Magnesium and Phosphate Interact? 
The clinical focus in veterinary medicine has mainly been on 
the biochemical abnormalities associated with CKD in cats 
and dogs. Less attention has been paid to bone disease (i.e. 
renal osteodystrophy) and soft tissue calcification, which 
do occur in cats and dogs with CKD – albeit in the more 
advanced stages of disease. 

Osteitis fibrosa cystica and bone resorption most likely 
occur as a result of high bone turnover caused by secondary 
renal hyperparathyroidism and have been reported in early 
radiographic and necropsy studies in cats with CKD21,22. 
In dogs, osteodystrophy affecting the maxillofacial and 
mandible bones, and ultimately “rubber jaw” is observed23. 
Two recent studies using micro-CT compared the bone 
structure of cats and dogs with CKD to that of healthy controls. 
Bones of cats with IRIS Stage 3 and 4 CKD had decreased 
mineral density and an increased cortical porosity24. A 
similar study on dogs found relatively mild changes in bone 
quality in animals with CKD, which is probably due to the 
shorter duration of disease in dogs compared to that of cats 
and humans25. 
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Vascular calcification, by the deposition of calcium 
phosphate salts in the medial layer of the vessel wall, 
is an important predictor of patient mortality due to 
cardiovascular disease in human CKD patients26,27. 

Increases in serum phosphate and calcium stimulate 
calcification of vessel walls, which leads to increased 
vascular stiffness, elevated pulse pressure and left 
ventricular hypertrophy26,28,29. In cats, radiographic evidence 
exists for soft tissue calcification of the thoracic and 
abdominal aorta, as well as of other soft tissues such as the 
gastric wall, kidneys and interdigital space22,30–33. Chronic 
kidney disease leads to an imbalance of serum promotors 
(e.g. phosphate, calcium) and inhibitors (e.g. magnesium, 
fetuin-A) of calcification, and the effects of these imbalances 
on the propensity of individual patient’s serum to calcify can 
be measured by an assay, the T50 test34. Increased serum 
calcification propensity has been associated with increased 
risk of death and mineral imbalances in humans with 
CKD35,36. Recently, we presented data showing that more 
severe CKD-MBD appears associated with an increased 
tendency of individual cat’s serum to calcifya. Whether 
vascular calcification is of clinical significance and what its 
relationship is to systemic arterial hypertension in dogs and 
cats with CKD is unknown. 

Summary 
In conclusion, the importance of restricting dietary phosphate 
intake in the CKD patient has been recognised for many 
years and is a key component of the management of 
CKD in veterinary and human medicine. Recent advances 
in understanding the role of FGF23 – a Klotho axis in the 
pathophysiology of bone and mineral disorders associated 
with chronic kidney disease and recognition of the way in 
which serum magnesium impacts on this hormonal system 
and influences the propensity for vascular calcification are 
important. Routine measurement of magnesium could 
identify those veterinary patients that will benefit most from 
intensive management, through dietary phosphate restriction, 

of these bone mineral disturbances. In the future, magnesium 
supplementation may be possible to recommend as an 
additional treatment for feline CKD. 
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