
IDEXX FGF-23 Test: a new tool for use in the management of 
chronic kidney disease in cats

Introduction and Background
Chronic kidney disease (CKD) affects an increasing 
percentage of cats as they age, reported as 0.1% of 
cats less than 9 years old but between 30%–40% above 
age 10, and the percentage is as high as 80% of cats 
over the age of 15.1–3 CKD causes significant morbidity 
and mortality in the older cat population.4 Kidneys are 
essential for phosphate homeostasis. As CKD develops 
and a decline in glomerular filtration rate (GFR) occurs, 
phosphorus concentration increases, which causes 
an imbalance in phosphate-calcium homeostasis.5 
This is labelled chronic kidney disease–metabolic 
bone disease (CKD-MBD; also referred to as mineral 
bone disorder) and in totality describes a complex 
syndrome that involves fibroblast growth factor 23 
(FGF-23), parathyroid hormone (PTH), 1,25-dihydroxy D3 
(1,25 vitamin D3, calcitriol), calcium and phosphorus 
(figure 1).6 CKD-MBD leads to chronically elevated 
FGF‑23 concentrations in most patients. There is strong 
clinical evidence from both human and veterinary 
literature that FGF-23 identifies mineral disruption and 
phosphorus overload (CKD-MBD) earlier than total serum 
phosphorus and is a valuable tool in the management of 
cats with CKD.7–10 

The IDEXX FGF-23 Test can be used in cats with 
IRIS* CKD Stages 1 and 2 to determine the need for 
targeted therapy, such as dietary management to reduce phosphate intake or phosphate binders. There is no current gold standard for 
measurement of FGF-23. Published assays for FGF-23 include sandwich enzyme-linked immunosorbent assays (ELISA) that measure 
either the C-terminal fragment of FGF-23 or intact FGF-23. The IDEXX FGF-23 Test measures intact FGF-23, which is more accurate in 
cats.11 This assay has been validated in published research and by IDEXX for use in cats.7,9,16

Methods and results
With the IDEXX FGF-23 Test, FGF-23 is measured using a sandwich ELISA. The test was validated in feline serum by evaluating precision, 
accuracy, potential sample interferents and sample stability.

Figure 1: Simplified diagram of FGF-23 physiology in CKD. Loss of GFR leads to a 
decrease in phosphorus excretion and calcitriol production, leading to bone remodelling 
and increases in circulating FGF-23. Mineral imbalances in calcium and phosphorus 
alter gut metabolism and mineral reabsorption, which further promote metabolic bone 
disease. Due to decreased calcium absorption, a secondary increase in PTH is eventually 
seen, which leads to secondary renal hyperparathyroidism.

Table 1: % CV for two 
lots evaluating FGF-23 
precision across clinical 
range.

Mean FGF-23 (pg/mL) % CV n Mean FGF-23 (pg/mL) % CV n

Lot A Lot B

58 45 72 45 65 60

218 10 72 221 16 72

539 8 72 514 9 72

688 7 72 687 11 72

1,345 8 72 1,399 12 72

1,056 10 72 1,048 15 72

Loss of renal mass, decline 
in GFR (CKD)

Change in gut absorption

Altered parathyroid signalling

Bone remodelling

Vitamin D

Ca

FGF-23

P

PTH

•	 Decrease in phosphorus excretion
•	 Decrease in calcitriol (vitamin D)

•	 Decrease in calcium reabsorption
•	 Decrease in phosphorus reabsorption

•	 Increase in FGF-23

•	 Increase in parathyroid hormone



Precision

Precision was measured using feline serum 
samples containing native analyte or calibration 
buffer spiked with recombinant human FGF-23. 
Serum samples were diluted 5 times in calibration 
buffer, and FGF-23 was measured over two kit lots 
(A and B) by two operators over 3 days to determine 
precision (table 1). The assay had good precision 
(< 15% CV) at concentrations of 300 pg/mL (limit of 
quantification) and higher (table 1).

Accuracy

Accuracy was measured across the full range 
of expected feline serum FGF-23 concentrations. 
There is no gold standard FGF-23 method 
with which to compare the measured FGF-23 
concentration, so accuracy was determined 
by comparing actual FGF-23 to the expected 
FGF‑23 concentration. Feline serum samples 
with different expected concentrations of 
FGF-23 were generated by mixing feline serum 
samples with high or low FGF-23 concentrations 
in different ratios. FGF-23 was measured 8 
times at each expected concentration. A linear 
regression was used to compare the mean-
corrected FGF-23 concentration for all replicates 
against the expected concentration. There was 
good dilutional linearity across the expected 
biological range (slope = 1.07, r2 = 0.99) (figure 2).

To calculate recovery, the mean values of each 
dilution were compared to the expected values. 
Recovery was acceptable (± 20%) for all samples 
with expected FGF-23 concentrations > 235 pg/mL 
(lower limit of quantification 300 pg/mL) (table 2).

Interference

The potential for interference due to haemolysis, 
lipaemia, and icterus was evaluated in native 
human serum samples. Five interferent 
concentrations of each analyte were tested, 
ranging from 0–500 mg/dL for haemolysis, 
0–3,000 FTU for lipaemia and 0–50 mg/dL for 
icterus. No clinically relevant interference was 
seen from haemolysis, lipaemia or icterus in the 
concentrations tested.

Sample stability

The stability of FGF-23 in feline serum was 
measured in samples held at 4°C for 14 days. 
Six feline serum samples were aliquoted and 
frozen at -80°C (Day 0) or stored at 4°C for 
14 days (Day 14). FGF-23 was measured in 
parallel for both aliquots in undiluted serum 
samples; samples 2 and 5 were below the limit 
of quantification. Storage for 14 days at 4°C did 
not decrease FGF‑23 recovery (table 3).
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Figure 2: Regression plot 
showing the relationship 
of mean-corrected FGF-23 
concentration measured 
in 8 replicates compared 
to the expected FGF-23 
concentration.

Table 2: Percent recovery of FGF-23 at different expected concentrations.

Sample 
number

Percent 
sample

N 
rows

Mean Expected 
FGF-23 
(pg/mL)

Percent 
recovery to 
expected

1 0 8 87 48 182%

2 0.05 8 186 141 131%

3 0.1 8 271 235 116%

4 0.2 8 443 421 105%

5 0.3 8 668 608 110%

6 0.4 8 883 794 111%

7 0.6 8 1212 1167 104%

8 0.8 8 1671 1540 109%

9 1 8 2100 1913 110%

Table 3: Percent recovery of FGF-23 in six undiluted feline serum samples stored at 4°C for 
14 days. 

Sample number FGF-23 (pg/mL) Percent recovery

Day 0 Day 14 Day 14

1 128 131 100% 

2 30 48 157%

3 86 90 104% 

4 196 188 96% 

5 45 76 169% 

6 157 160 102%

Expected FGF-23 (pg/mL)
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FGF-23 in cats with normal kidney function and cats 
with IRIS CKD Stages 1 and 2
Feline serum samples for healthy cats were collected 
prospectively through enrolled clinical practices. Feline serum 
samples for cats with CKD were collected from routine customer 
submissions to IDEXX Reference Laboratories; no clinical 
information was available. Clinical biochemistry and haematology 
results were independently reviewed by two veterinarians to 
classify results (table 4). Cats whose laboratory findings were 
consistent with CKD were then staged based on IRIS CKD staging 
guidelines. Staging was determined by either including two 
consecutive findings of SDMA and creatinine at least 14 days 
apart and/or trended increases of > 0.3 mg/dL (> 45 µmol/L)† of 
creatinine and/or > 5 μg/dL in SDMA concentration at least 14 
days apart. Cats with results indicating hyperthyroidism, anaemia 
and/or an inflammatory leukogram were excluded from the study; 
previous studies suggest these comorbidities may impact FGF-23 
concentrations.12,13 

FGF-23 trended higher in CKD cats versus clinically healthy 
cats as well as in cats with IRIS CKD Stage 2 versus IRIS CKD 
Stage 1 (figure 3).14 FGF-23 was below the limit of quantification 
for most healthy cats. An increasing proportion of cats with 
laboratory findings consistent with IRIS CKD Stages 1 and 2 
had FGF-23 concentrations > 300 pg/mL. There was substantial 
overlap between the expected FGF-23 in healthy and CKD cats, 
which is consistent with the current understanding of metabolic 
bone disease, which is not correlated to the severity of kidney 
biomarkers in cats with CKD and which has a variable onset.

Assessment

Criteria evaluated Clinically healthy (non-CKD) IRIS CKD Stage 1 IRIS CKD Stage 2

SDMA (µg/dL) ≤ 14 15–18 > 19

Creatinine (mg/dL) < 2.3 (< 203 µmol/L)† < 1.6 (< 140 µmol/L)† 1.6–2.8 (140-250 µmol/L)†

Urine specific gravity > 1.035  ≤ 1.035 ≤ 1.035

Other criteria Normal physical exam, > 1 year 
of age, no history of UTI, or 
major illness within 6 months 
of exam; normal lab work (CBC, 
chemistry, urinalysis and UPC); 
commercial diet

No physical exam or 
history available; > 1 year 
of age, no major illness; 
no inflammation identified 
in serial lab work (CBC, 
chemistry, urinalysis)

No physical exam or history 
available; > 1 year of age, no 
major illness; no inflammation 
identified in serial lab work 
(CBC, chemistry, urinalysis)

Table 4: Description of IRIS CKD Staging Guidelines used to determine inclusion and exclusion criteria for clinically healthy and CKD cats’ samples used 
to evaluate FGF-23 concentrations.

Figure 3: Box plots show the distribution of FGF-23 values in non-CKD, 
IRIS CKD Stage 1 and IRIS CKD Stage 2 cats. The central line represents 
the mean, edges of the box represent 25th and 75th percentiles, whiskers 
represent 95% confidence intervals and dots represent outliers. FGF‑23 
concentrations increased with higher IRIS CKD stage but there was 
overlap between groups.
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Interpretive ranges

There are three clinical ranges for the IDEXX FGF-23 Test:

Results that are less than 299 pg/mL will not be reported as discrete numerical values, but as < 299 pg/mL. Values 300 pg/mL–4,000 pg/mL 
will be reported as numerical values.

Clinical use and application
The IDEXX FGF-23 Test provides a new tool for use in the management of 
chronic kidney disease. It is recommended for use in cats diagnosed with 
IRIS CKD Stage 1 or 2. While extremely valuable for identification of MBD 
in early-stage kidney disease, it should not be used to diagnose CKD. The 
nonlinear relationship with CKD biomarkers, including SDMA and creatinine 
(figure 4), is expected in cats, given variation in CKD aetiology and external 
influences (diet or other comorbidities). Some cats will have notable 
MBD‑CKD early in CKD and others will have delayed onset of MBD‑CKD. 
Below 4.6 mg/dL, (1.5 mmol/L)† total phosphorus does not accurately 
portray phosphorus balance due to myriad compensatory mechanisms. 
In contrast, FGF-23 can be used in early-stage kidney disease when total 
phosphorus is below 4.6 mg/dL (1.5 mmol/L)† to identify cats who are 
expected to benefit from phosphate reduction through diet or medication. 

Therefore, the IDEXX FGF-23 Test can be used for kidney management 
after CKD diagnosis to monitor the response to phosphate reduction 
therapies. Based on previously published literature, it is expected that 
FGF-23 concentrations will remain stable or decline with phosphate 
reduction.15–17 FGF-23 monitoring is recommended in cats with IRIS CKD 
Stage 1 and 2 disease; for cats with initial FGF-23 concentrations within 
normal limits or borderline, retest every 6 months. For cats being treated 
with phosphate restriction, test at 3 months postintervention and then 
every 6 months with other kidney biomarkers for long-term monitoring.

Conclusion
The IDEXX FGF-23 Test offers evidence-based results to guide targeted therapy for cats with early-stage CKD. Currently, IRIS guidelines 
recommend a therapeutic renal diet for cats with IRIS CKD Stage 2, but IRIS CKD Stage 2 is a wide category (creatinine of 1.6–2.8 mg/dL  
(140-250 µmol/L)† and SDMA of 18–25 µg/dL) and does not account for cats in IRIS CKD Stage 1 who might benefit from early diet 
change. CKD-MBD impacts the systemic and kidney health of a cat before clinical signs are apparent. The IDEXX FGF-23 Test allows the 
clinician to exercise their clinical acumen, combining the IDEXX FGF-23 Test with physical exam and history, traditional kidney biomarkers 
(SDMA and creatinine) and urinalysis, providing the pet owner an additional piece of reinforcement and motivation to begin phosphate 
reduction intervention, such as diet and/or phosphate binding medications. Early diet modification in chronic kidney disease has been 
shown to reduce total phosphorus and improve survival time of cats.18

≤ 299 pg/mL Normal FGF-23 is within expected range for normal cats. For cats with IRIS CKD Stage 1 or 2, 
recommend rechecking with the IDEXX FGF-23 Test in 6–12 months alongside kidney 
biomarkers to identify progressive disease or onset of phosphorus overload.

300–399 pg/mL Borderline This result is higher than expected for normal cats and most cats with IRIS CKD Stage 
1 or 2. In cats with diagnosed CKD, recommend rechecking with the IDEXX FGF-23 Test 
in 3–6 months alongside kidney biomarkers to identify onset of phosphorus overload. If 
indicated by clinical context and/or other kidney diagnostics, targeted therapies (such as 
diet changes) should be initiated.

≥ 400 pg/mL Increased Elevated result indicating phosphorus overload. Targeted therapy to reduce phosphorus 
concentrations should be added to existing CKD therapies. 
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Figure 4: Potential behaviour of FGF-23 in relation to traditional 
kidney biomarkers. FGF-23 does not have a linear relationship 
with kidney biomarkers in early-stage CKD due to variable onset 
of metabolic bone disease. 
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*IRIS is the International Renal Interest Society.
†According to IRIS guidelines
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