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Abstract
Intraday variation, circadian rhythm and postprandial effects of FGF-23 were examined in five healthy 
beagles and five cats. Blood samples were collected every 4 hr. The animals were fed at 08:00 and 20:00. 
In dogs, FGF-23 had a significant intraday variation and circadian rhythm and decreased after meals 
in comparison with the fasting state, but not significant. The intraday coefficient variation (±standard 
deviation) of FGF-23 in dogs was 9.1 ± 2.6. In cats, FGF-23 did not have significant intraday variations 
and circadian rhythms. Postprandial FGF-23 levels in dogs decreased, although the range of variation 
might not be of clinical importance. The evaluation of FGF-23 does not need to be considered for the 
effect of the sampling timing in cats.
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Fibroblast growth factor (FGF)-23 is a 
phosphaturic hormone that is released from 
osteocytes in response to increased blood levels 
of phosphorus and calcitriol.5) Recently, FGF-
23 has been shown as factor associated with 
mineral metabolic disorder of chronic kidney 
disease (CKD) in dogs and cats.6,12) Blood FGF-
23 concentration increases along with decreased 
glomerular filtration rate (GFR) in patients 
with CKD. In dogs and cats with CKD, increase 
of blood FGF-23 concentration occurs earlier 
as compared with that of parathyroid hormone 
(PTH) and phosphorus.6,12) Thus, FGF-23 has been 

noticed as an earlier marker of mineral metabolic 
disorder in canine and feline CKD.

Blood phosphorus, calcium and PTH levels 
have been routinely measured for the evaluation 
of mineral metabolism in patients with CKD.5) 
Intraday variations or circadian rhythms are 
observed in these parameters.10,14) In particular, 
the blood concentration of phosphorus increases 
after a meal.7) However, most studies in humans 
have not reported an intraday variation, circadian 
rhythm or postmeal effect in circulating FGF-
23 levels.8,9) The determination of the presence of 
intraday variation and postprandial effect of FGF-
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23 may be important to obtain an appropriate 
interpretation of the measurements. However, no 
studies have evaluated the intraday variations in 
FGF-23 in dogs and cats.

Thus, the purpose of this study was to 
evaluate the intraday variation, circadian 
rhythm and postmeal effect of serum FGF-23 
concentration in healthy dogs and cats.

This study included five clinically healthy 
beagles (four intact males and one spayed 
female) and five domestic short-haired cats 
(two intact males, one castrated male and two 
intact females) from our laboratory. Median age 
(range) of dogs was 2.0 years (1.9–7.9 years). 
Median body weight (range) of dogs was 12.6 kg 
(10.8–13.3 kg). Median age (range) of cats was 
9.6 years (8.3–9.7 years). Median body weight 
(range) of cats was 3.9 kg (3.1–4.7 kg). This 
study was approved by the Animal Experiments 
Committee of Nippon Veterinary and Life Science 
University (acceptance no. 2019S-74). Animals 
were considered healthy based on history, clinical 
sign, physical examination, complete blood cell 
count, plasma biochemistry profile and urinalysis. 
All cats were confirmed to have normal serum 
total thyroid hormone concentration. Animals 
were housed in individual cages. They were fed 

commercial maintenance dry foods twice per day 
(at 08:00 and 20:00) for 7 days before the study. 
On the day of the experiment, dogs and cats were 
fed after blood samples were obtained at 08:00 
and 20:00. We used Science Diet Adult small 
bites (Hill’s-Colgate (Japan) Ltd., Tokyo, Japan) 
and Science Diet Adult chicken (Hill’s-Colgate 
(Japan) Ltd.) for dogs and cats, respectively. 
Table 1 presents the characteristics of each food. 
The amount of food intake was based on calories 
needed for the animals to maintain their body 
weight. Daily calorie intake (mean ± standard 
deviation [SD]) was 804 ± 109 kcal in dogs and 
191 ± 13 kcal in cats. The animals were provided 
water ad libitum, and were not administered any 
agents during the study period.

The first blood samples were taken at 08:00 
and then at 4-hr intervals thereafter (12:00, 
16:00, 20:00, 00:00, 04:00 and day 2 at 08:00). 
Blood samples were obtained from the jugular, 
cephalic or saphena vein, and collected into 
heparin tubes (0.5 ml) and tubes containing 
serum separator (1.5 ml). The heparinized 
plasma samples were centrifuged at 2700 × g 
for 5 min, and the supernatant were used to 
measure the plasma total calcium concentration 
by a biochemical automatic analyzer (Fuji Dry 
Chem 4000 V, FUJIFILM VET Systems Co., Ltd., 
Tokyo, Japan). Serum samples were separated 
by centrifugation at 1181 × g for 5 min, and 
stored at -30°C. Thereafter, serum samples 
were submitted to an external commercial 
laboratory (FUJIFILM VET Systems Co., 
Ltd.) for analysis of FGF-23, intact PTH and 
phosphorus. Serum FGF-23 concentrations were 
measured by sandwich enzyme linked immuno 
sorbent assay (MedFrontier FGF23, Minaris 
Medical Co., Ltd., Tokyo, Japan), which we 
previously reported in dogs and cats.11,12) Serum 
intact PTH concentration was analyzed using 
chemiluminescent enzyme immunoassay (Siemens 
Immulyze intact PTH III, Siemens Healthcare 
Diagnostics K.K., Tokyo, Japan) in both dogs 
and cats. Serum phosphorus concentration was 
measured using enzyme method (L type wako 
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Table 1. Mean dietary composition as provided by the 
manufacturer

All compositions except for vitamin D are represented with 
dry matter %. a Hill's Science Diet Adult Small Bites Adult 
dog dry food (Hill's-Colgate [Japan] Ltd.). b Hill's Science Diet 
Adult Chicken Recipe cat dry food (Hill's-Colgate [Japan] 
Ltd.).

Doga Catb

Protein 23.8 33.7

Fat 16.1 21.4

Crude fiber 1.7 1.4

Carbohydrate 53.3 37.8

Calcium 0.77 0.79

Phosphorus 0.70 0.78

Sodium 0.29 0.32

Potassium 0.75 0.85

Magnesium 0.096 0.088

Vitamin D 794 IU/kg 642 IU/kg
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inorganic phosphorus, FUJIFILM Wako Pure 
Chemical Corporation, Osaka, Japan).

We performed statistical analysis using a 
commercial software package, SPSS version 24 
for Windows (IBM Japan Co., Ltd., Tokyo, Japan) 
and statistical free software, version 4.1.1 R for 
Windows (https://www.R-project.org/). P < 0.05 
was considered statistically significant. For each 
parameter, the intraday coefficient of variations 
(CV) was calculated by dividing the SD by the 
mean of the individual animals. We used the 
Friedman test to evaluate the presence or absence 
of the intraday variations. Since the Friedman 
test cannot detect presence or absence of intraday 
variation periodicity, we used cosine fitting to 
evaluate the presence or absence of a circadian 
rhythm4) The mean measurement on each time 
was fitted by the following equation using a least-
squares method: y = M + A cos (2πt/P+φ), where 
y is the tested mean variable, M is the mean of 
oscillation, A is the amplitude, t is the collected 
time of the sample, P is the period of one cycle (12 
hr) and φ is the acrophase, the period of which 
ranged from the start to the wave peak. Then, if 
the A of the wave form was significantly greater 
than zero using the F test, it was determined that 
there was significant rhythmicity in the variable. 
The measurement between each time was 
compared using the Wilcoxon signed rank test. 

Fig. 1 and 2 present the measurements at 

each time point in dogs. Although the Friedman 
test revealed a significant variation in the serum 
FGF-23 concentrations (P = 0.016), there was no 
significant difference in FGF-23 level between 
times. For the periodic analysis, there was a 
significant circadian rhythm in the serum FGF-23 
concentration (P = 0.029). As can be seen by Fig. 

Fig. 1. Intraday variation of serum fibroblast growth factor 
(FGF)-23 in each dog. The dashed grey curved line represents 
the estimated cosine function.

Fig. 2. Intraday variation of serum intact parathyroid 
hormone (PTH) (a), phosphorus concentration (b) and plasma 
total calcium concentration (c) in each dog.
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1, peaks of FGF-23 were subjectively observed 
at the fasting state (08:00 and 20:00). The mean 
intraday CV (±SD) of FGF-23 was 9.1 ± 2.6. There 
was neither a significant variation (Friedman test, 
P = 0.66) nor significant circadian rhythm (P = 
0.14) in the serum intact PTH concentration. The 
serum PTH concentration was not significantly 
different between times (Fig. 2a). Although the 
serum phosphorus concentration did not have 
a significant circadian rhythm (P = 0.15), the 
results of the Friedman test showed a significant 
variation in phosphorus level (P  = 0.003). 
However, there was no significant difference in 
serum phosphorus concentration between times 
(Fig. 2b). There was neither a significant variation 
(Friedman test, P = 0.78) nor significant circadian 
rhythm (P = 0.28) in the plasma total calcium 
concentration. The plasma calcium concentration 
was not significantly different between times 
(Fig. 2c). The mean intraday CVs (±SD) of PTH, 
phosphorus and calcium were 3.1 ± 2.9, 9.5 ± 2.5 
and 2.6 ± 1.1, respectively.

Fig. 3 and 4 present the measurements 
obtained at each time point in cats. A significant 
circadian rhythm and variation were not observed 
in serum FGF-23 concentration (P = 0.19 and 
Friedman test; P = 0.32). In addition, there were 
no significant differences in FGF-23 between 
time points. The changing tendency in FGF-
23 was not observed between the fasting and 
postmeal state. The mean intraday CV (±SD) of 

FGF-23 was 14.8 ± 5.2. Although Friedman test 
determined significant variation in serum PTH 
concentration (P = 0.019), there was no significant 
circadian rhythm (P = 0.66) in serum intact PTH 
concentration. Serum PTH concentration was not 
significantly different between times (Fig. 4a). 

Intraday variation in FGF23

Fig. 3. Intraday variation in serum fibroblast growth factor 
(FGF)-23 in each cat.

Fig. 4. Intraday variation of serum intact parathyroid 
hormone (PTH) (a), phosphorus concentration (b) and plasma 
total calcium concentration (c) in each cat. The dashed grey 
curved line represents the estimated cosine function.
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Serum phosphorus concentration had a significant 
circadian rhythm (P = 0.02) and variation (P = 
0.014). The serum phosphorus concentration 
was not significantly between times. (Fig. 4b). 
Although the results of the Friedman test 
indicated a significant variation in plasma total 
calcium concentration (P = 0.012), total calcium 
did not have a significant circadian rhythm (P 
= 0.58). The plasma calcium concentration was 
not significantly different between time points 
(Fig. 4c). The mean intraday CVs (± SD) of PTH, 
phosphorus and calcium were 11.8 ± 9.1, 10.2 ± 1.8 
and 3.0 ± 0.5, respectively.

Fibroblast growth factor-23 downregulates 
t h e  e x p r e s s i o n  o f  s o d i u m  p h o s p h o r u s 
cotransporter in the proximal renal tubules, 
resulting in increased urinary fractional excretion 
of phosphorus.5) Increased blood phosphorus level 
is one factor that stimulates FGF-23 secretion.1) It 
is well known that circulating phosphorus levels 
increase after a meal.7) Given the physiological 
effect of FGF-23, it is predicted that the secretion 
of FGF-23 increases in response to postprandial 
elevated blood phosphorus levels, resulting in 
phosphaturia and maintenance of phosphate 
homeostasis. Therefore, based on this theory, it 
is presumed that the postprandial blood FGF-
23 concentration increases in comparison with 
the fasting state. However, most studies in 
humans have not observed a postprandial effect 
on FGF-23.8,9) In addition, we observed the peak 
FGF-23 level in dogs in the fasting state (08:00 
and 20:00). Although the difference was not 
significant, the serum FGF-23 concentration 
decreased 4-hr after a meal in all dogs (Fig. 1). 
This result suggests that FGF-23 measurements 
can need to be carefully interpreted in dogs, due 
to the presence of a variation in the time at which 
the sample is obtained. However, the intraday CV 
in the serum FGF-23 concentration was similar 
to the intra-assay and interassay CV that we 
previously reported in dogs.12) Thus, there may be 
no clinical importance in the diurnal variation of 
FGF-23 because the intraday variation remains 
within the measurement deviation. In a previous 

study that included healthy men, the FGF-
23 level significantly decreased after a meal in 
comparison with the fasting state.13) The results 
of the study in humans are consistent with the 
variation in FGF-23 observed in dogs in our 
study. The study in humans did not reveal the 
cause of the decreased circulating FGF-23 level 
after a meal, and our study also could not explain 
this mechanism. On the other hands, the FGF-
23 level in cats did not show a significant diurnal 
variation and was not different between the 
postprandial and fasting states. These findings 
are consistent with those from previous studies in 
healthy cats and humans.3,8,9,14) Thus, it is likely 
that, when measuring FGF-23 in healthy cats, not 
much consideration is required regarding the time 
at which the sample is collected and the postmeal 
effects.

A previous study showed that plasma 
PTH concentrations in dogs had a peak in the 
morning before meal,10) although the serum PTH 
concentrations in the present study did not have 
intraday variations in dogs. Also, postprandial 
blood phosphorus concentration has been known 
to increase in comparison with the fasting state 
in both dogs and cats.7,14) However, the serum 
phosphorus concentration in the postmeal period 
did not increase from the fasting state in the 
present study, in especially cats. The reason 
may be the lack of statistical power by small 
sample in the present study. A recent study 
in healthy cats indicated that the presence or 
absence of increased postmeal blood phosphorus 
concentration depended on the dietary content of 
inorganic phosphorus.3) The present study did not 
investigate the dietary phosphorus composition 
of the cats’ food. Thus, we could not determine 
whether the composition of dietary phosphorus 
affected the result observed in cats in the present 
study.

In conclusion, the postmeal serum FGF-
23 concentration in healthy dogs can decrease 
as compared with the fasting state, but the 
variation range might not carry any clinical 
importance. In healthy cats, because there is no 
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significant intraday variation, circadian rhythm 
or postprandial effect of FGF-23, there is no need 
to consider the effect of the timing of the obtained 
sample for the evaluation of FGF-23. 
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