UKRAINIAN
JOURNAL OF 2025. Volume 16, No. 3. P. 63-77

VETERINARY

Received: 03.06.2025 Revised: 18.08.2025 Accepted: 23.09.2025

SCIENCES
B DOI: 10.31548/veterinary3.2025.63

28 V

UDC 636.09-636.8:614.9

Nutritional effects on mineral metabolism
in cats with chronic kidney disease

Mykhailo Umanyets®
Postgraduate Student
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0009-0000-9619-8936
Valerii Tsvilikhovskyi
PhD in Biology, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-5679-0406

Abstract. The relevance of this study arises from the high prevalence of mineral metabolism
disorders in cats with chronic kidney disease (CKD), which are accompanied by the development of
hypercalcaemia and hyperphosphataemia and have a significant impact on prognosis and quality
of life. Accordingly, the aim of the study was to assess the effect of different dietary calcium-to-
phosphorus ratios on calcium-phosphorus homeostasis and the overall condition of cats with stage
I1 CKD. The principal research method involved a comparative evaluation of clinical and biochemical
parameters in animals depending on diet type, which enabled a comprehensive assessment of
mineral metabolism changes. The study included fourteen cats divided into two groups. Group 1
animals received feed with a higher calcium-to-phosphorus ratio (1.71) and restricted phosphorus
content, whereas Group 2 cats were fed a diet with a moderate calcium-to-phosphorus ratio (1.33).
Over a six-month period, blood biochemical parameters were monitored, including total and
ionised calcium, phosphorus, creatinine, urea, and symmetric dimethylarginine concentrations. In
addition, the cats’ clinical condition, body weight, muscle condition, body condition score, and
arterial blood pressure were assessed, all of which remained stable in both experimental groups.
It was found that cats in Group 1 showed an increase in calcium levels, while cats in group 2
developed ionised hypercalcaemia. In Group 2 cats, calcium levels remained stable without signs
of hyperphosphataemia. Azotaemic markers did not differ significantly between the groups. Based
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on the obtained results, it was established that excessive phosphorus restriction leading to a high
calcium-to-phosphorus ratio did not provide additional benefits in controlling phosphataemia but

increased the risk of calcium metabolism disturbances. The material of this article holds practical
value for veterinary clinicians, as it experimentally confirms the advisability of using diets with a
moderate calcium-to-phosphorus ratio at early stages of chronic kidney disease in cats

Keywords: dietary effect; metabolic disorders; secondary hyperparathyroidism; phosphate
binders; calcium homeostasis; nephrocalcinosis; renal diet

Introduction

Chronic kidney disease (CKD) is among the
most prevalent pathological conditions in cats,
significantly affecting both the quality and du-
ration of life. The disease is progressive in na-
ture, characterised by the loss of nephrons and
the development of mineral and bone disorders.
A key factor in this process is the disturbance
of calcium-phosphorus balance, which contrib-
utes to the formation of secondary hyperpar-
athyroidism, tissue calcification, and nephro-
lithiasis, thereby accelerating the progression
of renal failure.

According to the European Pet Food Indus-
try Federation (FEDIAF, 2024) guidelines, the
recommended calcium-to-phosphorus (Ca:P)
ratio for adult cats ranges from 1:1 to 2:1. How-
ever, such a broad range does not account for the
individual sensitivity of cats with CKD. In prac-
tice, high Ca:P ratios combined with excessive
phosphorus restriction may provoke the devel-
opment of ionised hypercalcaemia. M.R. Ehr-
lich et al. (2024) demonstrated that, in cats with
hypercalcaemia, transitioning to diets with a
Ca:P ratio below 1.4 resulted in normalisation of
calcium levels in most cases within 3-20 weeks.
Similarly, J. Stockman (2024) emphasised the ab-
sence of clearly defined safe limits for Ca:P ratios
in current clinical guidelines and the need to re-
vise existing recommendations.

A high Ca:P ratio is also associated with
the formation of calcium-containing deposits.
W. Zhang et al. (2024) showed that populations

with elevated Ca:P ratios exhibited a higher
prevalence of nephrolithiasis. In turn, E. Ma-
niaki et al. (2024) reported that more than one
quarter of cats with hypercalcaemia had ear-
ly-stage CKD, and none of them had been fed
renal diets prior to diagnosis — highlighting the
influence of nutrition on calcium status.

An important direction in current research
is the study of the interactions between cal-
cium and phosphorus and other minerals.
P-K. Tang et al. (2024) demonstrated that an
increased magnesium content in the diet of
cats with CKD stabilises FGF-23 levels and
prevents the development of hypercalcaemia.
This highlights the complex interrelationships
among calcium, phosphorus, and magnesium
in maintaining metabolic balance. Meanwhile,
findings by M. Krofi¢ Zel et al. (2024) indicat-
ed that the addition of vitamin E to renal diets
did not affect the survival of cats, confirming
the priority of mineral control over other die-
tary interventions. Proteinuria also deserves
particular attention as a predictor of CKD pro-
gression. M.A. Fidalgo et al. (2022) established
that the urine protein-to-creatinine ratio (UPC)
serves as a valuable clinical marker, since even
moderate elevations are associated with the
presence and further development of kidney
disease in cats. This underscores the necessity
of considering proteinuria when evaluating the
effectiveness of dietary therapy and the control
of the Ca:P ratio.
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Therefore, determining the optimal Ca:P
ratio in cats with CKD remains an urgent issue
in veterinary medicine. Despite existing recom-
mendations, current data indicate the need to
refine the safe limits of this ratio, which has di-
rect practical significance for improving dietary
therapeutic strategies. Another major gap lies in
the lack of long-term studies comparing differ-
ent approaches to regulating the Ca:P ratio, par-
ticularly those combining dietary interventions
with phosphate-binding agents, with evaluation
of their effects on survival, quality of life, and
the incidence of complications. Most available
data are based on short- or medium-term obser-
vations, which complicates the establishment of
consistent clinical recommendations.

In this context, the aim of the study was
to evaluate the effect of different dietary calci-
um-to-phosphorus ratios on the development
of hypercalcaemia and the effectiveness of hy-
perphosphataemia control in cats with stage II
chronic kidney disease over a six-month ob-
servation period, as well as to determine a safe
Ca:P range for long-term dietary therapy un-
der controlled calcium and protein levels. The
objectives of the study included analysing the
dynamics of ionised and total calcium at dif-
ferent Ca:P ratios, assessing the influence of
these ratios on phosphorus levels and the need
for phosphate-binding therapy, determining the
frequency of hypercalcaemia development de-
pending on dietary profile, and investigating the
relationship between the Ca:P ratio and protein-
uria indicators as a prognostic marker of CKD.

Literature Review

Chronic kidney disease (CKD) in cats is among
the most common and complex pathologies af-
fecting small companion animals. It is charac-
terised by a gradual loss of functional nephrons,
progressive azotaemia, and the development of
systemic complications. One of the key patho-
genetic mechanisms involves disruption of
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calcium-phosphorus homeostasis due to re-
duced renal phosphate excretion, alterations
in vitamin D metabolism, and activation of the
parathyroid axis. Understanding these patho-
physiological changes is critically important for
accurate diagnosis and effective monitoring of
the patient’s condition.

As emphasised by J.A. Hokamp &
M.B. Nabity (2016), the combined measurement
of creatinine and symmetric dimethylarginine
(SDMA) allows for a more precise assessment
of the glomerular filtration rate, particularly in
the early stages of the disease, when creatinine
levels may remain within the normal range due
to low muscle mass. Additionally, V. Pedrinel-
li et al. (2020) highlighted the importance of
a comprehensive diagnostic approach to CKD,
including urinalysis with evaluation of spe-
cific gravity, proteinuria, and the UPC, which
enables the detection of glomerular and tubu-
lar damage and helps to predict disease pro-
gression rate. L. Hahn & C. Callaband (2022)
stressed the diagnostic value of combining
laboratory and imaging methods: assessment
of proteinuria together with ultrasonographic
examination provides a comprehensive evalu-
ation of renal status and reveals morphological
changes such as increased parenchymal echo-
genicity, reduced kidney size, and the presence
of cystic formations or calcifications, reflecting
chronic disturbances of mineral metabolism.
R.F. Geddes et al. (2021) demonstrated that
measurement of ionised calcium, in contrast
to total calcium, serves as a more informative
indicator of calcium status, particularly under
conditions of hypoalbuminaemia.

The pathophysiological mechanisms un-
derlying tissue mineralisation were described
by P.-K. Tang et al. (2021), who noted that an
increased calcium load against a background
of low phosphorus levels may promote the
calcification of extraosseous tissues, includ-
ing nephrocalcinosis and vascular lesions. The
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imbalance between calcium and phosphorus
underlies the development of renal mineral
and bone disorder (RMBD), which encompasses
secondary hyperparathyroidism, osteodystro-
phy, nephrocalcinosis, and vascular calcifica-
tion. These conditions can accelerate the pro-
gression of CKD, especially in the presence of
concurrent metabolic disturbances.

Particular attention has been drawn to
fibroblast growth factor-23 (FGF-23) as a bi-
omarker of early disturbances in phosphorus
metabolism. J. Lin et al. (2021) established
that serum FGF-23 levels in cats with CKD
increase at the early stages of the disease —
prior to the onset of hyperphosphataemia —
and correlate with disease progression while
contributing to reduced calcitriol synthesis.
This, in turn, decreases intestinal calcium
absorption, stimulates parathyroid hormone
secretion, and accelerates the formation of
calcium-phosphate deposits, reflecting the
key role of FGF-23 in the pathogenesis of re-
nal mineral and bone disorders.

In humans with CKD, FGF-23 also possess-
es substantial clinical significance. S. Seiler et
al. (2009) demonstrated that elevated concen-
trations of this hormone are associated with
a higher risk of mortality and more rapid pro-
gression of renal insufficiency, independent of
serum phosphorus levels — underscoring the
universality of this pathophysiological mecha-
nism. Its action includes suppression of calci-
triol synthesis, reduction of intestinal calcium
absorption, and stimulation of parathyroid hor-
mone secretion, which, when combined with
high Ca:P ratios, increases the risk of extraos-
seous tissue calcification.

One of the key mechanisms involved is
the formation of an excessive Ca x P product
in the blood, exceeding the solubility limit of
calcium-phosphate compounds and promot-
ing their deposition in soft tissues. As noted
by J.A. Hokamp & M.B. Nabity (2016), such

deposits may occur in the renal parenchyma,
myocardium, vasculature, and gastrointestinal
tract, impairing the function of affected organs.
Hormonal dysregulation further amplifies this
process: elevated Ca:P ratios in the context of
CKD stimulate parathyroid hormone secretion,
leading to secondary hyperparathyroidism,
bone resorption, and additional calcium re-
lease into the bloodstream. L. Hahn & C. Calla-
band (2022) demonstrated that this creates a
self-perpetuating cycle, whereby increased cal-
cium levels sustain hypercalcaemia and elevate
the risk of calcification.

Excessive phosphorus restriction com-
bined with elevated dietary calcium shifts the
Ca:P ratio beyond physiologically safe limits.
This not only provokes hypercalcaemia but
also increases plasma saturation with calci-
um-phosphate complexes, predisposing to
nephrocalcinosis and vascular calcification.
J. Stockman (2024) found that such alterations
accelerate both structural and functional le-
sions of renal and extra-renal tissues, worsen-
ing the disease prognosis.

L. Hahn & C. Callaband (2022) further not-
ed that cats exhibit greater sensitivity to varia-
tions in the Ca:P ratio than dogs, which may be
associated with species-specific characteristics
of calcium-phosphorus regulation and hormo-
nal control. This underscores the necessity of a
species-specific approach to dietary correction.
An elevated dietary calcium-to-phosphorus ra-
tio in cats with chronic kidney disease creates
conditions for a cascade of pathophysiologi-
cal changes leading to complications. Control
of phosphataemia in cats with CKD remains a
cornerstone of disease management, crucial
for slowing progression and preventing com-
plications. Dietary therapy with reduced phos-
phorus content remains the first-line interven-
tion, particularly in the early stages of CKD. It
is recommended to use diets containing 0.3-
0.6% phosphorus on a dry matter basis and to
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maintain the Ca:P ratio near the lower limit of
the range recommended by FEDIAF (2024) to
avoid excessive calcium loading.

When dietary phosphorus restriction alone
is insufficient to achieve target levels, phos-
phate binders are employed. R.F. Geddes et
al. (2021) emphasised that the choice of binder
type should take into account the patient’s cur-
rent calcium status. Calcium-containing agents,
such as calcium acetate or calcium carbonate,
are effective in lowering serum phosphate lev-
els but, with long-term use, may increase the
Ca:P ratio. This can contribute to hypercalcae-
mia, particularly in animals receiving low-phos-
phorus diets. An alternative approach involves
the use of non-calcium-containing binders.
V.J. Parker (2021) found that sevelamer hydro-
chloride and lanthanum carbonate effectively
controlled phosphorus levels without adding
a calcium load. However, the use of sevelamer
may reduce the absorption of fat-soluble vita-
mins, while lanthanum carbonate can accumu-
late in tissues with prolonged administration,
necessitating regular monitoring.

J. Stockman (2024) highlighted the impor-
tance of an individualised dietary strategy for
cats with CKD. The author stressed that in pa-
tients with high Ca:P ratios, preference should
be given to non-calcium phosphate binders,
and excessive phosphorus restriction com-
bined with elevated dietary calcium should be
avoided. The optimal approach involves a com-
bination of moderate phosphorus restriction,
a controlled Ca:P ratio, and, where necessary,
the use of non-calcium binders, which togeth-
er minimise the risk of calcification and help
maintain a stable course of CKD. J.A. Hokamp
& M.B. Nabity (2016) underscored the need for
a comprehensive assessment of mineral metab-
olism incorporating novel biomarkers such as
FGF-23 and parathyroid hormone to enable ear-
ly detection of imbalances before the onset of
clinical signs or hyperphosphataemia. However,
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standardised monitoring protocols for these in-
dicators in cats have not yet been developed.

Materials and Methods

The study was conducted from October 2024
to March 2025 at the Faculty of Veterinary
Medicine of the National University of Life
and Environmental Sciences of Ukraine (Kyiv,
Ukraine) and the “Zoolux” Veterinary Clinic
(Kyiv, Ukraine). The research involving ani-
mals complied with the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purpos-
es (1986) and the Law of Ukraine No. 3447-
IV (2006). All procedures were performed in
accordance with the recommendations of the
ARRIVE Guidelines 2.0 (n.d.) and did not con-
travene the provisions of Directive 2010/63/EU
of the European Parliament and of the Coun-
cil (2010). The study protocol was approved by
the Bioethics Committee of the National Uni-
versity of Life and Environmental Sciences of
Ukraine (Protocol No. 7/2024).

The study involved fourteen domestic cats
aged between six and nine years with con-
firmed chronic kidney disease, diagnosed ac-
cording to the criteria of the International Re-
nal Interest Society (IRIS, 2023). Animals with
concurrent endocrine, cardiovascular, or in-
fectious diseases were excluded from the sam-
ple. All cats were patients of the “Zoolux” Vet-
erinary Clinic and remained under the care of
their owners throughout the study. They were
kept under home conditions with free access
to water and were fed diets according to their
assigned study group. The cats were divided
into two groups — Group 1 and Group 2 — with
seven animals in each. Both groups received
two types of veterinary diets formulated for
cats with CKD, differing in fat and phospho-
rus content and in the calcium-to-phosphorus
ratio, while maintaining a comparable level of
crude protein (Table 1).
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Table 1. Chemical composition of the dietary feeds used in the study

Parameter Diet 1 Diet 2
Crude protein (%) 28 27
Crude fat (%) 12 20
Crude fibre (%) 3 2.7
Calcium (%) 0.6 0.6
Phosphorus (%) 0.33 0.45
Ca:P ratio 1.71 1.33
Sodium (%) 0.2 0.3
Potassium (%) 0.8 0.65
Vitamin A (IU/kg) 25,668 24,000
Vitamin Dz (IU/kg) 1,523 1,800

Note: the presented values reflect the content of the main nutrients in the composition of the feeds according to the

official data provided by the manufacturers

Source: feed manufacturers’ data (Nestlé Purina, 2024; Josera, 2024)

The calcium content was identical in both
diets (0.6%), and the concentrations of vita-
min Dz were comparable (1,523 [U/kg in Diet 1
and 1,800 IU/kg in Diet 2). Dietary phospho-
rus restriction is a key component of nutri-
tional management in CKD, as it reduces the
risk of secondary hyperparathyroidism and
prolongs feline lifespan. However, contempo-
rary evidence from P.-K. Tang et al. (2021) and
R.F. Geddes et al. (2021) indicates that the ef-
fectiveness of this approach depends not only
on the absolute phosphorus level but also on
the calcium-to-phosphorus ratio (Ca:P), which
determines mineral balance and influences the
organism’s metabolic stability. Therefore, this
study compared diets with different Ca:P ratios
under controlled calcium and protein levels,
enabling the assessment of the isolated effect
of this parameter on the development of hyper-
calcaemia, hyperphosphataemia, and the over-
all progression of CKD. This approach provided
an objective basis for determining a safe Ca:P
range for long-term dietary management.

Throughout the experiment, regular veter-
inary examinations and monitoring of the cats’
clinical condition were performed. The general
health status, appetite, body weight dynam-
ics, and arterial blood pressure were assessed.

Animals were weighed using a Momert 6551
electronic scale (Momert Ltd., Hungary). Blood
pressure was measured using a petMAP graph-
ic IT oscillometric tonometer (CardioCom-
mand Inc., USA). A cuff width corresponding to
30-40% of the limb circumference was used,
and 5-7 measurements were taken; the medi-
an value was recorded for analysis. To reduce
stress and minimise the “white-coat effect,”
all animals received Gabapentin prior to the
procedure in accordance with the Cat Friendly
Practice® Guide (AAFP, 2023).

Venous blood samples were collected from
the jugular vein every three months after an
overnight fast (8-12 hours) using a 22G nee-
dle under sterile conditions. For haematolog-
ical analysis, Ko-EDTA tubes were used, while
serum was obtained in clot activator tubes for
biochemical analysis. After clot formation, se-
rum was separated by centrifugation (10 min-
utes at 1,500-2,000 g) and stored at 2-8°C for
no longer than 24 hours. Samples showing evi-
dence of haemolysis or lipaemia were excluded
from further analysis.

In the serum biochemical profile, the con-
centrations of creatinine, urea, potassium,
phosphorus, sodium, chloride, total and ionised
calcium, total protein, albumin, and symmetric
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dimethylarginine (SDMA) were determined.
Biochemical parameters were analysed using
an automated biochemical analyser Mindray
BS-240 (Mindray Biomedical Electronics Co.,
China), and SDMA was measured with a vet-
erinary biochemical analyser IDEXX Catalyst
One (IDEXX Laboratories Inc., USA). Complete
blood counts were performed using an auto-
mated haematology analyser Mindray BC-5000
(Mindray Biomedical Electronics Co., China).

Urine samples were primarily obtained by
cystocentesis (22G needle, 5-10 ml syringe) un-
der aseptic conditions. When cystocentesis was
not feasible, free-catch collection was employed.
Urine specific gravity was measured using a vet-
erinary refractometer BRCtech (BRCtech, Po-
land), calibrated beforehand with distilled water;
the result was calculated as the mean of three
measurements. Urine sediment was evaluated
within 60 minutes of collection (centrifugation
for 5 minutes at approximately 400 g; microsco-
py at x100 and x400 magnification).

To assess the body condition of the cats, a
combination of a 9-point Body Condition Score
(BCS) system and a 4-point Muscle Condition
Score (MCS) system was used. The BCS system,
proposed by D.P. Laflamme (1997), is widely ap-
plied in clinical practice for cats. In particular,
C.R. Bjornvad et al. (2011) confirmed its high
reproducibility and correlation with objective
methods for assessing adipose tissue. Muscle
mass was assessed using the 4-point MCS scale
validated by K.E. Michel et al. (2011), which
demonstrated a significant correlation with du-
al-energy X-ray absorptiometry results and is
recommended by the World Small Animal Vet-
erinary Association (WSAVA, 2013) as a clinical
tool for evaluating the degree of muscle loss.

All procedures were carried out with the
utmost attention to animal welfare and stress
minimisation. Manipulations were performed
in a clinic certified according to the Cat Friend-
ly Clinic standards (ISFM), which ensured a
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low-stress environment. Statistical analysis of
the results was performed using the STATISTI-
CA 7.0 software package (StatSoft Inc., USA).
Data were expressed as mean = standard devi-
ation (M £ SD). The Shapiro-Wilk test was used
to assess normality of data distribution. Com-
parisons between groups were conducted using
Student’s t-test for normally distributed data or
the Mann-Whitney U-test for non-parametric
data. Differences were considered statistically
significant at P < 0.05.

Results and Discussion

Throughout the study period, the clinical condi-
tion of the cats remained relatively stable. During
routine examinations, appetite, water intake, and
general behaviour were recorded. In most cats,
appetite remained satisfactory, with no cases of
prolonged anorexia. Water consumption stayed
within the normal individual range, without
marked polydipsia or decreased thirst. Clinical
examination revealed no signs of dehydration,
vomiting, or diarrhoea; mucous membranes re-
mained pink and moist. The overall condition
of the coat was assessed as satisfactory, without
alopecia or visible deterioration in quality. Be-
haviour and activity levels showed no significant
deviations from baseline observations.

Over the course of monitoring, mean sys-
tolic and diastolic blood pressure values re-
mained within the physiological range for cats.
Individual fluctuations did not exceed clinically
relevant limits. Heart rate values also remained
stable throughout the experiment. No statisti-
cally significant differences were observed be-
tween Groups 1 and 2, or compared with base-
line measurements (Table 2).

The body weight of cats in both groups at
the beginning of the study ranged from 3.4 kg
to 5.0 kg. Over the six-month observation pe-
riod, individual fluctuations of 50-150 g were
recorded, which were not statistically signif-
icant. Body condition score (BCS) remained
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stable at 4/9, and muscle condition score (MCS)
at 4/4 in most animals. The dynamics of body
weight in both groups are presented in Table 3.
As shown by the data, the body weight of the
cats remained relatively stable in both groups
throughout the six-month period. Individual

variations did not exceed clinically meaningful
limits and did not result in significant changes
in mean values. Both BCS and MCS showed no
notable dynamics, indicating that the animals
maintained a stable physical condition during
the observation period.

Table 2. Systolic and diastolic blood pressure and heart rate in cats of the experimental groups
at different observation periods (M*SD), (n=7)

. . Group 1 Group 2
Observation period X )
Baseline 3 months 6 months Baseline 3 months 6 months
Systolic blood pressure (mmHg) 148.1%7.6 146.9%+3.9 145.3+3.9 148.3+84 144.7+5.5 148.0+2.4
Diastolic blood pressure (mmHg) 85.4+4.5 82.6+*1.6 83.4%*2.5 84.0t4.4 82.9+2.0 82.2%2.3

Heart rate (beats/min)

154.9+5.9 155.0%8.5 153.4%5.6 155.0%5.6 152.1%#8.3 155.1%6.7

Note: data are presented as mean * standard deviation (M+SD)

Source: authors’ own data

Table 3. Dynamics of body weight in cats (M*SD), (n=7)

Observation period Group 1 Group 2
Day 1 4.10£0.36 4.23+0.53

3 months 4.06%0.30 4.22+0.55

6 months 4.10+£0.29 4.23+0.57

Note: data are presented as mean * standard deviation (M * SD)

Source: authors’ own data

Evaluation of azotaemic markers (creati-
nine, urea, and symmetric dimethylarginine)
demonstrated relative stability of the parame-
ters throughout the study period. No statistical-
ly significant differences were observed between
the groups. As shown in the data (Table 4), the
mean serum creatinine concentrations in cats of
both groups at the beginning of the experiment

were within the reference range. During the
course of the study, a slight decrease in serum
creatinine levels was noted in cats at the third
month, which was likely associated with adap-
tation of the animals to the study conditions
and stabilisation of dietary intake. By the sixth
month, creatinine levels remained largely un-
changed compared with baseline values.

Table 4. Dynamics of azotaemic markers in cats (M*SD), (n="7)

Group 1
Parameter

Baseline 3 months

Creatinine (umol/L)

Symmetric
T R 20.00£0.47 19.50%0.66
Urea (mg/dL) 14.17+1.49 11.98+1.57
Total calcium (mmol/L) 2.48+0.02  2.56%0.02

192.58+7.62 180.03+9.52 185.55+10.84 186.6+12.5

Group 2
6 months Baseline 3months 6 months
178.0+8.0  182.4%7.6
19.33£1.02 19.90%£1.22 19.38%+1.38 20.13*1.25
11.65£1.33 11.48%*1.72 10.68*1.38 10.84*1.11
2.53+0.02 2.38+0.07 2.41+0.05 2.59+0.12

Note: data are presented as mean * standard deviation (M * SD)

Source: authors’ own data
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Serum urea concentrations decreased
in cats of both groups during the first three
months of the study and then stabilised. This
may reflect a reduced influence of dietary fac-
tors (specifically protein content) on azotaemic
parameters. Levels of symmetric dimethylargi-
nine (SDMA), considered a more sensitive mark-
er of decreased glomerular filtration rate, re-
mained within physiological limits and showed
no significant differences over the observation
periods. Minor individual variations within
*1 mg/dL were not statistically significant.

In addition to azotaemic markers, indices of
mineral and electrolyte metabolism — key com-
ponents in the pathogenesis of CKD — were an-
alysed to assess the potential dietary influence

on the cats’ metabolic status. As shown in Ta-
ble 5, serum levels of calcium (total and ion-
ised), phosphorus, sodium, potassium, and chlo-
ride remained within physiological ranges for
the species throughout the observation period.
The most pronounced changes during the study
were observed in calcium-phosphorus metab-
olism indicators. In Group 1 cats, serum total
calcium levels gradually increased and by the
end of the experiment were elevated by approx-
imately 15% compared with baseline values. In
some cats, these changes exceeded physiologi-
cal limits, corresponding to a state of hypercal-
caemia. In contrast, in Group 2 cats, calcium lev-
els remained stable, fluctuating within + 1% — a
variation without clinical significance.

Table 5. Dynamics of calcium-phosphorus
and electrolyte metabolism indicators in cats (M*SD), (n=7)

Parameter Group 1
Baseline 3 months
Total calcium (mmol/L) 2.48+0.02  2.56+0.05
Ionéfgigf‘/lgum 1302002 1.35£0.06
Phosphorus (mmol/L)  1.31#0.08  1.32%0.06
Potassium (mmol/L) 4.1£0.22 4.00+0.28
Chloride (mmol/L) 117.0+4.2 115.0%4.2
Sodium (mmol/L) 155.0+3.3  156.0+2.8

Group 2
6 months Baseline 3 months 6 months
2.86+0.07 2.38+0.07 2.41+0.05 2.40+0.12
1.43+0.07 1.26+0.05 1.28+0.05 1.27+0.08
1.29+0.06 1.30+0.20 1.26+0.14 1.28+0.12
4.11+0.24 3.80+0.24 3.90+0.28 4.00+0.32
116.0%£4.3 117.0%4.1 115.0+3.8 117.0£3.7
15.0£3.2 156.0+4.0 157.0+3.8 155.0+3.2

Note: data are presented as mean * standard deviation (M * SD)

Source: authors’ own data

Ionised calcium, representing the bio-
logically active fraction, increased by almost
10% in the serum of cats in Group 1, whereas
only minimal fluctuations (not exceeding 2%)
were observed in Group 2. This indicated a
tendency toward activation of calcium metab-
olism specifically in the experimental group.
Serum phosphorus concentrations in cats of
both groups remained within a range close to
physiological values (1.26-1.32 mmol/L), with-
out indications of hyperphosphataemia. The
Ca:P ratio remained stable, showing no signs
of imbalance, which suggested preservation of
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mineral homeostasis. Serum potassium con-
centrations in both experimental groups did
not increase and remained within reference
limits. Sodium and chloride levels in the serum
of cats fluctuated within a narrow range, with
deviations not exceeding 2-3%, indicating no
evidence of hypo- or hypernatraemia or chlo-
raemia. Overall, analysis of mineral and electro-
lyte parameters in the cats revealed no statisti-
cally significant changes during the six-month
observation period and no differences between
the groups. These findings indicate the absence
of any disturbances in calcium-phosphorus
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or electrolyte homeostasis in the cats over the
course of the study.

Urine analysis in cats included assessment
of the UPC and urine specific gravity (USG).
Throughout the observation period, UPC values
in both groups remained within physiological
limits (< 0.2), with no evidence of proteinuria.
Individual fluctuations did not exceed clini-
cally relevant ranges and showed no trend to-
ward progressive increase. Urine specific gravity
ranged from 1.030 to 1.050, reflecting normal
renal concentrating ability, and no signs of isos-
thenuria were detected. No statistically signif-
icant differences between experimental groups
were found for these parameters. Thus, the re-
sults of urine analysis confirmed the stability of
renal functional status and the absence of any
adverse dietary effects during the study period.

Throughout the six-month observation pe-
riod, the clinical condition of the cats remained
stable: appetite, water intake, behaviour, and
coat appearance showed no notable chang-
es. Blood pressure and heart rate were within
physiological ranges, with no signs of arterial
hypertension or hypotension. Body weight,
body condition score (BCS), and muscle con-
dition score (MCS) remained stable, indicating
preservation of overall somatic status.

Analysis of azotaemic markers (creatinine,
urea, and SDMA) in the serum of cats from both
experimental groups confirmed the absence of
progressive renal dysfunction. Serum sodium,
potassium, and chloride levels remained with-
in physiological limits, showing no evidence
of electrolyte imbalance. Urinalysis parame-
ters also demonstrated no significant changes:
the urine protein-to-creatinine ratio remained
below the threshold for proteinuria, and urine
specific gravity values indicated preserved re-
nal concentrating ability.

Based on the obtained results, it was es-
tablished that lower calcium-to-phosphorus
(Ca:P) ratios were associated with a tendency

toward stabilisation of calcium metabolism,
whereas cats in the group with higher Ca:P ra-
tios more frequently exhibited hypercalcaemia,
including that of the ionised fraction. Similar
observations were reported by M.R. Ehrlich et
al. (2024), who described normalisation of se-
rum calcium levels in cats with CKD following
a dietary transition to lower Ca:P ratios. Con-
versely, J. Stockman (2024) noted that excessive
restriction of dietary phosphorus, leading to
elevated Ca:P ratios, may provoke the develop-
ment of hypercalcaemia even at early stages of
the disease. The findings of the present study
are consistent with these observations and in-
dicate that controlling the Ca:P ratio is a criti-
cal factor in the management of feline CKD.

The observed tendencies can be explained
in terms of calcium-phosphate complex super-
saturation. Exceeding the solubility product of
Ca x P increases the risk of calcium deposition
in renal and extra-renal tissues. As highlight-
ed by J.A. Hokamp & M.B. Nabity (2016), this
mechanism underlies nephrocalcinosis and
vascular calcification in chronic kidney disease.
In the present study, cats with higher Ca:P ra-
tios exhibited more pronounced alterations in
calcium balance, which may reflect a latent in-
crease in the risk of calcification.

From a pathophysiological perspective, a
higher calcium-to-phosphorus (Ca:P) ratio may
enhance intestinal calcium absorption, which
is particularly relevant in patients with CKD,
where the regulatory mechanisms of this pro-
cess are already impaired. In healthy animals,
compensatory mechanisms involving para-
thyroid hormone (PTH) and fibroblast growth
factor 23 can partially maintain calcium levels
within the normal range; however, in CKD, their
effectiveness is reduced. This creates a predis-
position to the development of hypercalcaemia
even in response to relatively minor dietary
fluctuations, which may explain why serum cal-
cium levels in some experimental cats exceeded
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physiological limits, whereas in others they re-
mained stable. Thus, the absence of progressive
hyperphosphataemia in the experimental cats
indicates the effectiveness of the applied die-
tary therapy and may contribute to slowing the
development of complications.

Particular attention should be given to
FGF-23, which is considered an early biomarker
of phosphorus imbalance. Although it was not
measured in the present study, published data
suggest that an increase in FGF-23 levels may
precede the marked changes observed in the
experimental animals. Therefore, even with
stable serum phosphorus concentrations in the
cats, subtle shifts in phosphorus homeostasis
mediated by FGF-23 cannot be excluded.

An additional factor may be the variabili-
ty of individual physiological responses among
animals, whereby hypercalcaemia resolves in
some cats following the transition to a diet
with a lower calcium-to-phosphorus (Ca:P)
ratio, while others show only a partial or ab-
sent response. This finding indicates the mul-
tifactorial nature of the processes involved.
In particular, individual variations in vita-
min D metabolism, differences in sensitivity to
FGF-23, and the baseline condition of renal tis-
sue — determining the organism’s adaptive ca-
pacity — may all play contributory roles.

The stability of the clinical condition ob-
served in the present study aligns with the
findings of D.P. Machado et al. (2022), who
confirmed that dietary modifications can slow
the progression of CKD. The absence of pro-
teinuria is consistent with the observations of
M.A. Fidalgo et al. (2022), who emphasised the
prognostic value of the urine protein-to-cre-
atinine ratio in cats with CKD. Similarly,
V. Pedrinelli et al. (2020) noted that survival
in affected animals depends not only on dis-
ease stage but also on dietary composition,
particularly protein content and the calci-
um-to-phosphorus ratio.
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Particular attention should be paid to the
selection of phosphate binders. R.F. Geddes et
al. (2021) reported that calcium-containing
preparations effectively reduce serum phos-
phate concentrations but may simultaneously
increase the Ca:P ratio and promote hyper-
calcaemia. As an alternative, V.]J. Parker (2021)
recommended the use of non-calcium-based
binders such as sevelamer and lanthanum car-
bonate. According to the results obtained in the
present study, it was confirmed that excessive
restriction of dietary phosphorus in combina-
tion with a high Ca:P ratio should be avoid-
ed, particularly in animals at increased risk of
tissue calcification.

Thus, even with comparable dietary calci-
um and vitamin D levels, it is the magnitude of
the Ca:P ratio that determines the direction of
changes in calcium balance. Lower Ca:P ratios
were associated with more stable calcium lev-
els, whereas higher ratios increased the risk of
ionised hypercalcaemia. These findings confirm
the clinical importance of monitoring the Ca:P
ratio in the dietary management of cats with
CKD. In light of the obtained data, it is advisa-
ble to integrate Ca:P ratio monitoring into the
standard follow-up protocol for feline CKD. At
the onset of dietary therapy, attention should
be given to maintaining values near the lower
limit of the FEDIAF (2024) recommended range.
Measurement of total and ionised calcium,
phosphorus, and calculation of the Ca x P prod-
uct should be performed after 2-4 weeks of diet
initiation and subsequently every 8-12 weeks,
in accordance with the recommendations of the
International Renal Interest Society (2023).

In cases where ionised calcium levels in-
crease despite “normal” serum phosphorus con-
centrations, it is advisable to review the dietary
formulation by reducing the calcium-to-phos-
phorus (Ca:P) ratio and, where appropriate, to
prioritise the use of non-calcium-based phos-
phate binders. Concurrent monitoring of the
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UPC and USG should be performed as indica-
tors of glomerular and tubulointerstitial injury,
alongside regular blood pressure assessment
to minimise the risk of extra-renal complica-
tions. It is also essential to account for poten-
tial pre-analytical variability in ionised calcium
measurement — particularly the influence of
sample pH - and to maintain stable conditions
for collection and transport in order to avoid
misinterpretation of results.

When evaluating the effectiveness of die-
tary therapy, simultaneous monitoring of UPC,
USG, and arterial pressure provides valuable
information regarding renal function and sys-
temic stability. Particular attention should be
paid to the accuracy of ionised calcium meas-
urement, given its sensitivity to pH changes,
which necessitates standardised sampling and
handling procedures. In cats predisposed to
hypercalcaemia, a temporary and moderate re-
laxation of dietary phosphorus restriction may
be appropriate, provided that the Ca:P ratio re-
mains within controlled limits. This approach
can help to stabilise calcium-phosphorus bal-
ance and minimise the risk of calcification.

Conclusions

In this six-month clinical study involving cats
with chronic kidney disease, comprehensive
dietary management contributed to the sta-
bilisation of the animals’ clinical condition.
Throughout the observation period, appetite,
behaviour, hydration status, and cardiovascular
parameters remained within physiological lim-
its. Body weight, body condition score, and mus-
cle condition score demonstrated nutritional
stability. Azotaemic markers — creatinine, urea,
and symmetric dimethylarginine — showed no
statistically significant changes, confirming the
absence of CKD progression in most animals
under appropriate dietary support.

The most pronounced differences were
observed in calcium-phosphorus metabolism.
Cats receiving a diet with a higher calci-

um-to-phosphorus (Ca:P) ratio (1.71) exhibited
an increase in total calcium from 2.48+0.02 to
2.86+0.07 mmol/L (+ 15%) and ionised calcium
from 1.30+0.02 to 1.43+0.07 mmol/L (+ 10%),
corresponding to hypercalcaemia in some in-
dividuals. Conversely, in cats fed a diet with a
lower Ca:P ratio (1.33), calcium concentrations
remained stable (2.38-2.40 mmol/L for total
calcium and 1.26-1.27 mmol/L for ionised cal-
cium) without clinically significant deviations.
These findings indicate that even with identical
dietary calcium content, the Ca:P ratio may be
a decisive factor influencing the risk of hyper-
calcaemia in cats with CKD. The results support
the necessity not only of dietary phosphorus
restriction — a key element of CKD therapy — but
also of optimising the Ca:P ratio in therapeutic
diets. The balance between these macrominer-
als affects the progression of mineral metab-
olism disorders associated with CKD and thus
influences long-term outcomes.

The main limitations of this study were
the small sample size (n=14) and the relative-
ly short observation period (six months). The
study duration was chosen for ethical reasons,
as prolongation could have increased the risk
of clinically significant hypercalcaemia in cats
receiving the higher Ca:P diet. Nonetheless,
these factors may have limited the ability to
detect longer-term dietary effects. Despite
these limitations, the findings demonstrate
that the Ca:P ratio - even with equivalent cal-
cium content and comparable vitamin D lev-
els - can influence calcium homeostasis and
has clinical significance in dietary formulation
for cats with CKD.

Future research should aim to establish op-
timal target Ca:P ranges for different CKD stag-
es and to standardise the monitoring of mineral
metabolism biomarkers. Incorporation of FGF-23
as a biomarker for personalised dietary manage-
ment appears promising, as its monitoring could
help detect subclinical phosphorus imbalance
before the onset of overt hyperphosphataemia,
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thereby improving precision in Ca:P correction Funding
and reducing the risk of tissue calcification. The study was not funded.
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AHoTanis. AKTyalbHICTh [OCTIIKeHHSI 3yMOBJIEHA 3HAYHOI TOIIMPEHICTI0O TOpYIIeHb
MiHepaJbHOTO OOMiHY B KOTiB i3 XpOHIYHOI0 XBOPOOOI0 HUPOK, 1[0 CYIIPOBOAKYIOTbCS PO3BUTKOM
rinepkasbliiemii Ta rinepdocdaTemii i CyTTEBO BIUIMBAIOTH HA MTPOTHO3 i SIKiCTh SKUTTS TBapuH. Y
3B’SI3KY 3 IIMM, MeTa AOCTiIsKeHHs 6yya ClipsiMOBaHa Ha OI[iHKY BIUIMBY Pi3HOTO CITiBBiTHOIIIEHHS
KauibIlito 1o dhocdopy B pallioHi Ha MOKa3HMKY KajibllieBO-(hochOpHOro roMeoctasy Ta 3araabHUiL
CTaH KOTiB i3 XpPOHIUHOI XBOPOOOI HMPOK Apyroi cranii. [TpoBimHMM METOIOM HOCITiIKEHHS
CIyTyBaJla TOPiBHSITbHA OIiHKA KIIHIYHMUX i 6iOXiMiYHMX MOKa3HMKIB y TBapMH, 3aJIEXKHO Bif
TUITY JIi€TH, IO AO3BOJMIO KOMILIEKCHO BU3HAUUTY 3MiHM MiHepaJIbHOro o6MiHy. Y JOCTiIKeHi
BUKOPUCTAHO 14 KOTiB, SIKMX ITOAiJIeHO Ha 1B rpynu. TBapuHM rpynu 1 oTpuMyBaIy KOPM i3 BULUM
CIiBBigHOIIEHHSIM Kajbliito 1o ¢ocdopy (1,71) Ta obmexkeHuM BMicToM docdopy, TOAi SIK KOTU
rpynu 2, OTPUMYBaJIU Ai€TY 3 TOMipHMM CITiBBiAHOIIEHHSIM Kasbliito 0 dhocdopy (1,33). Bripomossk
HIECTY MiCSIIiB KOHTPOIIOBaIX 6i0XiMiuHi MOKa3HMKY KPOBi: piB€Hb 3araJibHOTO Ta iOHi30BaHOTO
Kasibllifo, (ocdopy, KpeaTMHiHy, CEUOBMHM Ta CUMETPUYHOTO AMMEeTWIapriHiny. JomaTKoOBO
OIiHIOBA/IM Y KOTIiB KJIiHIYHMIA CTaH, Macy Tijia, M’I30BY KOHIMIIi10, BTOJJOBAHICTh Ta apTepiaabHMii
TUCK, SIKi 3aIMIIAMNCS CTAOGUIBHUMM y TBApUMH B 000X MOCTiIHMX TIpyliax. BCTaHOB/IEHO, IO Y
KOTiB Tpymu 1 BifgsHavasocs MigBUINEHHS! piBHSI Kajbllilo, a y KOTiB rpynu 2 chopmyBaiacs
ionizoBaHa rimepkaibliiemisi. Y KOTiB rpymnu 2 piBeHb KaJblIil0 3a/IMIIABCS CTabiIbHMM, 6€3 03HaK
rinepdocdatemii. [TokazHUKM a30TEeMIYHUX MaPKEPiB iCTOTHO He BiAPi3HSINCS MK I'PYIIaMy KOTiB.
3a OTpUMaHMMU pe3yIbTaTaMy BCTAHOBJIEHO, 1[0 HagMipHe o6MeskeHHS hochopy 3 bopMyBaHHIM
BMCOKOTO CITiBBiTHOIIEHHS KaJIblLIit0 10 ochopy He 3a6e31eunsio JoAaTKOBUX ITepeBar y KOHTPOJTi
docdaTtemii, ane migBUIIyBaNIO PU3YK MOPYIIEHD Ka/IbllieBOro 06MiHy. MaTepia cTaTTi CTAHOBUTH
MPakTUYHY LIHHICTh AJISI BeTepMHApHMX JIiKapiB-K/IiHIUMCTIB, OCKiIbKM eKCIIepUMeHTaIbHO
IMiITBEPIKEHO MOIbHICTD BUKOPUCTAHHSI Hi€T i3 MOMIpHMM CITiBBiHOUIEHHSIM KaJIbIlil0 Ta
dbocdopy Ha paHHIX cTamisIX XPOHIUHOI XBOPOOY HUPOK Y KOTiB

KiiouoBi cimoBa: IieTMUHMIT BIUIMB; MOPYIIEHHST MeTaboi3sMy; BTOPMHHMI TilleprapaTupeos;
docdar-6ingepn; KanbilieBuii romeoctas; HePOKaIbIMHO3; HUPKOBA [i€Ta
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