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ABSTRACT

Background: The use of prescription diets for cats with chronic kidney disease (CKD) is one of the main management
approach of this disease in cats, and is considered a renoprotective strategy that may promote increased survival and/or
improve quality of life, according to the stage of CKD. Besides that, nutritional assessment is important to monitor the
maintenance of quality of life of the patients and their response to disease, especially those with chronic conditions. The
aim of this study was to follow the clinical and nutritional status of cats with chronic kidney disease (CKD) IRIS stages
II, III and IV fed with a renal prescription diet, followed for 12 months.
Materials, Methods & Results: Patients were fed exclusively with a dry renal prescription diet and medications for the
management of CKD were prescribed when needed. Exclusion criteria were cats that already received a renal prescription
diet or medications for the treatment of CKD. Cats were evaluated every 2 months, considering body weight (BW), body
condition score (BCS), muscle mass score (MMS), clinical and laboratory parameters. In all assessments, a complete blood
count and biochemistry were performed by conventional methods with the patient fasted for 12 h. In addition, urinalysis,
urine protein:creatinine ratio (UPC) and urine culture were performed from a urine sample collected by cystocentesis.
The quantitative variables were tested for their stability on consecutive assessments using the non-parametric Friedman
test, and did not present significant variation during follow-up, except for systolic blood pressure (SBP). Eight cats with
a diagnosis of CKD were included in the study and 6 of them remained in the same CKD stage during follow-up. On cat
died due to an unrelated CKD cause. Regarding nutritional assessment, 5 of 7 cats maintained BW during the 12 months.
Of these, 4 also maintained MMS and BCS. Three of 7 cats presented a decrease in MMS, 2 of which presented also a
decreased BW and one maintained BW.
Discussion: IRIS staging results combined with Friedman’s analysis demonstrated that the diet and the clinical management were effective in the non-progression of CKD in this study. As renal injury is not expected to be reversed in CKD,
the maintenance of cats in the same IRIS stages and the minimum variation of the parameters is considered a positive
result in this study. Hypertensive cats started on antihypertensive therapy during the study, achieving adequate control of
SBP in most cases, what can justify the variation of this clinical parameter over the 12 months. Hyperphosphatemia was
a frequent alteration, included stage II cats, and presented a positive response to nutritional and medical therapy. Despite
CKD staging progression was not observed in most cats using serum creatinine as a single parameter, some cats presented
BW and MMS reduction, which may have influenced this result. Weight loss and muscle wasting may have occurred by
several reasons, including periods of hyporexia, presence of concomitant diseases, aging process or reduced protein content
on renal prescription diets. This study enhances the importance of the association of clinical and nutritional management in
the maintenance of cats with CKD. We suggest that other studies are done during longer periods of time and with a larger
sample to support the results found. We also suggest new studies to evaluate the protein requirements for cats with CKD.
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follows: 100 × (BW)0.67 = kcal/day [18]. Cats were admitted to the Veterinary Teaching Hospital (HCV) of the
Universidade Federal do Rio Grande do Sul (UFRGS),
located in Porto Alegre, Brazil, over a 12-month period.
Exclusion criteria were cats that already received a renal
prescription diet or medications for the treatment of
CKD. Cats that did not accepted the diet or when owners
were unable to feed them exclusively with it were also
excluded. Owners were instructed to carry out gradual
diet change over four weeks, by progressively increasing
the proportion of the new diet.

INTRODUCTION

Chronic kidney disease (CKD) is defined as
the presence of structural or functional abnormalities
of one or both kidneys that have been present for 3
months or longer and is considered one of the main
causes of morbidity and mortality in cats [20]. It affects about 20% of cats and one third of cats with 15
years-old or more [14]. IRIS staging of CKD allows
to manage factors that affect disease progression and
provides information on its prognosis [8,9].
Several metabolic alterations are expected
in patients with CKD, including azotemia, hyperphosphatemia, hypokalemia, metabolic acidosis, hypercalcemia or hypocalcemia [20]. Renal prescription diets recommend lower levels of phosphorus,
moderate protein and sodium and higher levels of
vitamin B, potassium, energy density, omega-3 and
antioxidants, besides helps controlling metabolic
acidosis [20]. There is a strong recommendation for
the use of prescription diets in the management of
cats with CKD IRIS stages II, III and IV, since nutritional therapy showed reduction of uremic episodes
and mortality in randomized controlled clinical trials
[5,19,22]. Thus, nutritional assessment is important
to monitor the maintenance of quality of life of the
patients and their response to disease, especially
those with chronic conditions [6]. It is also important
to measure the nutritional response to prescription
diets using different methods, including body weight
(BW), body condition score (BCS) and muscle mass
score (MMS), associated with laboratory parameters
[20].
The aim of this study was to describe clinical,
nutritional and laboratory parameters of cats fed with
a renal prescription diet, followed for 12 months.

Assessments

Cats were evaluated considering signalment,
physical examination, nutritional status, laboratory and
imaging tests before starting the study and every 2 months,
for 12 months, except for imaging that was performed
every 6 months. The initial IRIS stage of CKD was based
on 2 values of serum creatinine concentration obtained
at least 2 weeks apart, in a fasted and hydrated patient.
After the initials physical and laboratorial exams, the
prescription diet was introduced and, when necessary and
according to each case, medications for the management
of CKD were prescribed. In all assessments, a complete
blood count (CBC) and biochemistry were performed
by conventional methods with the patient fasted for 12
h. In addition, urinalysis, urine protein:creatinine ratio
(UPC):creatinine ratio (UPC) and urine culture were
performed from a urine sample collected by cystocentesis. Proteinuria was considered when UPC > 0.4 and
borderline proteinuria when UPC > 0.2 with absence of
active urinary sediment and negative urine culture [8].
Serum phosphorus values were analyzed according to the
stage of CKD (acceptable up to 4.5 mg/dL for stage II, up
to 5.0 mg/dL for stage III and up to 6.0 mg/dL for stage
IV) [9]. Systolic blood pressure (SBP) was measured using a Doppler device2, according to ACVIM guidelines
[1]. Borderline hypertension was considered when SBP
was between 150 mmHg and 159 mmHg; hypertension
when SBP was between 160 and 179 mmHg and severely
hypertension when SBP was above 180 mmHg [8]. Abdominal ultrasonography and abdominal radiography (2
views) were performed to evaluate the urinary tract.
The BCS and MMS was assessed always by
the same person. A 9-point BCS system [13] and a
4-point MMS system for cats [16] was used. Body
weight (BW) variation after 12 months was calculated
in relative values, according to the formula: [(final
BW-initial BW)/initial BW]*100. Weight loss was

MATERIALS AND METHODS

Animals and exclusion criteria

A prospective clinical study was conducted
to evaluate cats with CKD IRIS stages II, III and IV
fed exclusively with a dry formulation renal prescription diet1 [Premier Nutrição Clínica Renal Gatos (58.9
g protein/1000 kcal; 49.1 g fat/1000 kcal; 1.96 g
EPA+DHA/1000 kcal; 1.1 g calcium/1000 kcal and 0.74
g phosphorus/1000 kcal)] and the amount of food offered
to the animals was calculated with a prediction equation
for the energy required for adult cat maintenance, as
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considered when BW variation was above 10%. Owners were told to measure the food intake of their cats
and to stimulate their water intake.

Table 1. Drugs used in the clinical management of the eight cats with CKD
included in the study.

Clinical management

Clinical management included fluid therapy
to hydrate patients and to eliminate the pre-renal
component of azotemia. This was done in the initial
screening of patients, before the introduction of the
prescription diet. Persistent hyperphosphatemia was
treated with aluminum hydroxide (30-60 mg/kg/day
PO, compounded formulation) administered with
food. Amlodipine besylate3 was used for hypertension
control (initial dose 0.625 mg/cat/day PO, adjusted as
needed) and benazepril4 (0.25-0.5 mg/kg/day PO) for
persistent renal proteinuria. Drugs for management of
anorexia and vomiting included ranitidine5 (1-2 mg/kg
q12h PO), omeprazole6 (0.7 mg/kg/day PO), ondansetron3 (0.5-1 mg/kg q12h PO), sucralfate7 (50-100 mg/
kg q12h PO) and mirtazapine (1.88 mg/cat q48h PO,
compounded formulation). Potassium citrate (50 mg/
kg/day PO, compounded formulation) was prescribed
in cases of hypokalemia.

Patient

Clinical management

1

Omeprazole, ranitidine and potassium citrate

2

Amlodipine and aluminum hydroxide

3

Potassium citrate, amlodipine, aluminum hydroxide and
omeprazole

4

Potassium citrate, ondansetron, omeprazole, sucralfate,
amlodipine, aluminum hydroxide and ranitidine

5

Amlodipine, potassium citrate and aluminum hydroxide

6

Aluminum hydroxide

7

Potassium citrate, aluminum hydroxide, benazepril,
diltiazem and mirtazapine

8

Benazepril and aluminum hydroxide

At the end of the 12-months, 1 cat progressed
from stage II to III, and 1 died due to an unrelated CKD
cause (pyothorax). Hence, 3 cats were classified as IRIS
stage II, 3 cats as stage III, 1 cat as stage IV. Overall, 6 of
8 cats remained in the same stage (Table 2). Considering
the substaging of proteinuria, except the cat on IRIS stage
IV (P7) and the 1 who died at 8 months of follow-up (P8),
all of the animals remained non-proteinuric or borderline
proteinuric during the study (Table 2). All results of urine
culture came up negative. Regarding arterial blood pressure, 5 of 8 cats were classified as hypertensive at the
beginning. Of these 5, only 1 remained hypertensive at
the end of the study (Table 2).
Serum creatinine, phosphorus, urea, potassium
and hematocrit values, UPC and USG values during
the 12-month follow-up are shown in Figure 1 and did
not present significant variation on consecutive assessments, by Friedman’s test, during the study (P > 0.084).
Seven of the 8 cats (87.5%) presented hyperphosphatemia at some point in the study. The highest
values of serum phosphorus were observed in patients
with IRIS stage IV (P7), however, Figure 1B shows
that these values decreased progressively over time,
after treatment with phosphate binders besides the diet.
Four cats (50%) presented hypokalemia (potassium less than 3.5 mEq/L) at some point in the study
(Figure 1D). Only the IRIS stage IV patient (P7) maintained potassium concentrations persistently above the
reference range during the study (mean 5.0 mEq/L).
Of the 8 cats, 5 (62.5%) presented isosthenuria
in at least 2 evaluations (Figure 1G), including 3 cats
IRIS stage III, 1 cat IRIS stage IV and 1 cat IRIS stage
II. The patient with the highest urinary concentration
was the youngest one (P1).

Statistical analysis

Statistical analysis was performed using a
statistical software8. The quantitative variables were
tested for their stability, using the non-parametric
Friedman test, to evaluate if the values on consecutive assessments were different. Significant results
were considered when P < 0.05. One patient was
withdrawn from the statistical analysis by the occurrence of death during follow-up. A descriptive
analysis of the initial and final values of the variables
was performed.
RESULTS

Seven cats were excluded due to poor compliance in feeding the renal prescription diet exclusively
during the study period or lack of acceptance of the
new diet by the cat. Despite some owners said that there
was no acceptance, it is not possible to ensure that the
gradual transition to the new diet was carried out as
recommended. The age of the 8 cats included in the
study ranged from 4 to 15 years (mean 11 ± 3.5). Six
of them were male and all of them were mixed breed
and neutered. Drugs used in the clinical management
of the 8 cats with CKD included in the study are described in Table 1.
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Of the 8 cats, only P7 (12.5%) presented mild
anemia (hematocrit between 19-22%), which persisted
from before the follow-up until the eighth month of
follow-up (Figure 1E).
Systolic blood pressure values (Figure 1H)
presented significant variation over the 12 months by
Friedman test analysis (15.591; P = 0.016). At a significance level of 5%, there is evidence that the values
are not all equal.
Regarding imaging tests, all cats presented
alterations in the renal morphology by ultrasonographic examination. Two cats (25%) presented
renal cysts, 7 (87.5%) showed signs compatible
with chronic nephropathy, and 3 (37.5%) presented
nephrolithiasis. Three (37.5%) cats presented renal

pelvic dilatation at the ultrasound examination. The
greatest measures of renal pelvic dilatation in these
cats were: 0.42 cm, 0.39 cm and 0.28 cm. Considering radiographic examination, nephrolithiasis
was diagnosed in 2 cats (25%), but none presented
ureterolithiasis.
Regarding nutritional assessment, 5 of 7
(71.4%) cats maintained BW during the 12 months.
Of these, 4 also maintained MMS and BCS. Three
of 7 (42.8%) cats presented a decrease in MMS, 2 of
which presented also a decreased BW and 1 maintained
BW. According to the owners’s perception, 5 of 7 cats
(71.4%) maintained their normal appetite after starting
the prescription diet (Table 2). Figure 2 illustrates BW
of each cat during 12 months of follow-up.

Table 2. Clinical, nutritional and laboratory parameters at baseline (T0) and end-point (12-months) of the study (T1) of the eight cats with CKD.
Patient
IRIS staging
IRIS substaging
(proteinuria)
IRIS substaging (blood
pressure)

1

2

3

4

5

6

7

8

T0

II

II

III

III

II

II

IV

II

T1

II

II

III

III

III

II

IV

Death

T0

NP

NP

NP

BP

NP

NP

P

P

T1

NP

NP

NP

NP

BP

NP

P

Death

T0

N

H

H

H

H

N

H

N
Death

T1

N

N

N

H

N

N

N

BW
(kg)

T0

4.06

4.35

6.98

3.67

3.92

2.9

3.17

3.38

T1

3.98

4.39

5.27a

3.69

3.91

2.9

2.77a

Death

MMS
(0-3)

T0

2

3

3

1

3

3

2

2

T1

2

2

2

1

3

3

1

Death

T0

5

6

8

4

5

4

3

5

BCS
(1-9)

T1

5

5

8

4

5

4

4

Death

M

M

D

M

M

M

D

Death

T0

150

160

184

160

170

126

166

144
Death

Appetite
Systolic BP (mmHg)
Creatinine (mg/dL)
Phosphorus
(mg/dL)
Ionized calcium (mmol/L)
Urea
(mg/dL)
Potassium (mEq/L)
Hematocrit (%)
UPC
USG

T1

140

150

140

160

130

120

140

T0

2.7

1.8

3.5

3.1

2.2

2.4

5.5

2.1

T1

1.9

1.7

4.6

3.7

3.0

2.8

5.0

Death

T0

2.7

3.7

5.4

5.7

4.5

3.8

12.2

5.1

T1

3.4

5.4

4.0

5.3

4.1

4.6

5.8

Death

T0

1.31

1.28

1.4

1.51

1.34

1.25

1.32

1.34
Death

T1

1.32

1.24

1.26

1.31

1.33

1.28

1.38

T0

49.4

49

81.8

99.4

44.4

59.4

216.6

44.2

T1

52

55.3

97.3

110.4

71

63.9

122.4

Death

T0

3.2

3.8

3.5

3.9

3.7

3.4

5.7

3.8

T1

3.1

3.4

3.8

4.2

3.3

3.8

5.2

Death

T0

39

38

36

32

38

36

20

27
Death

T1

38

36

32

34

34

30

24

T0

0.008

0.068

0.085

0.23

0.037

0.094

5.57

2.4

T1

0.011

0.022

0.12

0.103

0.36

0.17

1.14

Death

T0

1.064

1.032

1.020

1.014

1.038

1.036

1.014

1.010

T1
1.080
1.040
1.012
1.016
1.012
1.014
1.010
Death
P= proteinuric; BP= borderline proteinuric; NP= non-proteinuric; N= normotensive; BH= borderline hypertensive; H= hypertensive; BW=
body weigh; MMS= muscle mass score; BCS= body condition score; M= maintenance; D= decrease. aDecrease in BW above 10%.
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Figure 1. A- Serum creatinine; B- Phosphorus; C- Urea; D- Potassium; E- Hematocrit; F- UPC; G- USG and H- systolic blood pressure of the
8 cats with chronic kidney disease during the 12 months of follow-up.

Figure 2. Body weight of the 8 cats with chronic kidney disease during
the 12 months of follow-up.
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DISCUSSION

eral factors other than protein content on the diet, such
as aging process, concomitant diseases and decreased
food intake. Maintaining the appetite of most cats and
the adequate metabolizable energy content of the diet
were determinant in keeping body weight with variation
less than 10% in most of the cats. Only 2 cats (P3 and
P7) were medicated with mirtazapine. Of the 2 cats that
presented appetite reduction, one was the patient IRIS
stage IV (P7) and the other was P3. The latter was the
one that lost more weight, which can be justified by the
reasons mentioned above.
Another important aspect of diet that may have
influenced the results found is the high concentration of
omega-3 fatty acids. In the study published by Plantinga
et al. [19], the authors found that the diet containing the
highest EPA fatty acid concentration (0.2-1.0g/MJ) may
have influenced the longer survival time of cats with
CKD. Based on the recommendations of these authors,
the EPA + DHA content present in the diet offered to
the animals of the present study (0.49 g/MJ) is similar
to that observed in the study by Plantinga et al. [19].
Five of 8 cats were classified as hypertensive
at the beginning of the study and only one remained
hypertensive at the end of the study. A prevalence of
20% of hypertension in cats with CKD is reported
[25]. Systemic arterial hypertension is considered a
progression factor of kidney disease and is responsible
for target organ damage, such as the kidneys, due to
glomerular hypertension and glomerulosclerosis [23],
demonstrating the importance of its diagnosis and treatment. Hypertensive cats started on antihypertensive
therapy during the study, achieving adequate control
of SBP, except for 1 case. The control of this clinical
parameter and the decrease of its values can justify
the independent course of this variable and its variation over the 12 months by Friedman test analysis. It
was not possible to adequately control the SBP values
of patient P3 during 6 months, even after institution
of treatment with amlodipine besylate. This fact may
justify the evolution of this patient IRIS staging and
weight loss. However, because it is a clinical study, it
was not possible to ensure that the owner has followed
all medical recommendations, which could justify
inadequate control of SBP. Furthermore, the patient
should have received treatment with a second vasodilator, in an attempt to improve SBP control.
Considering the substaging of proteinuria, except the cat on IRIS stage IV (P7) and the 1 who died

IRIS staging results combined with Friedman’s
analysis demonstrated that the diet and the clinical
management were effective in the non-progression of
CKD, since these parameters did not change significantly throughout the study. The purpose of conservative
management of CKD is to correct the abnormalities in
hydroelectric, acid-base, endocrine and nutritional balance, in order to delay the progression of the disease
[20,23]. Studies relate the use of a prescription diet
with increased survival [5,19,22] and prevention of the
occurrence of uremia in renal patients [5,22]. Thus,
renal injury is not expected to be reversed. Therefore,
the maintenance of cats in the same IRIS stages and the
minimum variation of the parameters is considered a
positive result in this study. However, serum creatinine
evaluation has limitations as a marker of kidney function,
especially in patients with low MMS. On the other hand,
symmetric dimethylarginine (SDMA) is not affected
by muscle wasting, as serum creatinine is [7]. Two cats
(P3 and P7) that remained at the same IRIS staging
also presented a decrease in BW and MMS. This may
have contributed to the maintenance of stable creatinine
even with decrease of renal function, but it cannot be
confirmed, since SDMA evaluation was not performed.
There are controversies regarding protein restriction in renal prescription diets for cats with CKD,
as some authors question whether this restriction may
contribute to the loss of muscle mass, which may lead
to increased mortality [24]. Maintenance of MMS is
important because the catabolism of muscle mass as
an energy source increases the production of uremic
toxins [2]. In the present study, 3 cats (37.5%) had a
1-point reduction in MMS over 1-year period. Of these,
1 had a decrease in BCS and 2 in BW. This enhances
the importance of doing nutritional assessment by more
than one method, periodic weighing and individualized
evaluation of each patient, in order to improve nutritional
management before weight loss is significant. In addition, the nutritional state of patients with CKD can vary
due to intercurrent diseases and periods of spontaneous
reduction of food intake [17,21]. Anorexia represents
the main clinical sign of cats with CKD [11]. Usually,
these patients are also elderly, with simultaneous physiological reduction of digestibility of proteins and fats
[21]. Thus, even small changes in protein metabolism
can cause large losses of muscle mass [17]. Therefore,
the loss of muscle mass in this study may be due to sev-
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(P8), all of the animals remained non-proteinuric or
borderline proteinuric (Figure 1F). The IRIS IV stage
patient presented UPC above 5 in the first measurement
but, in this occasion, the urine sediment was active,
which may have contributed to this elevation. Urine
culture of the same sample was negative. Glomerulonephritis was suspected and the cat was treated with
benazepril, resulting in a decrease in UPC, but it still
remained above the reference value [8]. The other patient
with proteinuria, classified as IRIS stage II, had their
values normalized after starting therapy with the same
drug. Proteinuria of renal origin is a negative prognostic factor and is associated with interstitial fibrosis and
tubular degeneration, and its treatment is indicated in
all cases where UPC is above 0.4 [26].
Seven of the 8 cats (87.5%) presented hyperphosphatemia at some point in the study. The highest
values of serum phosphorus were observed in cats
with IRIS stage IV (P7), however Figure 1B shows
that these values decreased progressively over time,
after treatment with phosphate binders and diet. Hyperphosphatemia is observed in about 60% of cats with
CKD and its prevalence increases with a decrease in
renal function [23]. In the early stages of the disease,
high concentrations of parathyroid hormone tend to
maintain normal phosphorus values. However, when
the glomerular filtration rate decreases, this adaptive
mechanism cannot be maintained, and hyperphosphatemia occurs. This alteration is common in IRIS stages
III and IV of CKD and less common in stage II [10]. In
this study, hyperphosphatemia was a frequent alteration, included stage II cats, and presented a positive
response to nutritional and medical therapy.
Four cats (50%) presented hypokalemia at some
point in the study (Figure 1D). This alteration is related
to polyuric CKD in cats [23]. Of these 4 cats, 2 presented
isosthenuria, which corroborates the presence of concomitant polyuria. Only the IRIS stage IV patient (P7)
maintained potassium concentrations persistently above
the reference range during the study. Hyperkalemia may
occur in patients with impaired renal function who are
receiving an ACE inhibitor [12], which was P7 case.
Of the 8 cats, 5 (62.5%) presented isosthenuria
in at least 2 evaluations (Figure 1G), including 3 cats
IRIS stage III, 1 cat IRIS stage IV and 1 cat IRIS stage
II. In a study with 46 cats, the mean USG decreased
progressively with the evolution of the stages of CKD,
being predominantly found in stages III and IV [15].

Of the 8 cats, only P7 presented mild anemia
(hematocrit between 19-22%), which persisted until
the eighth month of follow-up (Figure 1E). Anemia
in CKD is usually arregenerative, due mainly to the
deficiency of erythropoietin [23]. The anemia of this
patient was normocytic and normochromic, but since
there was improvement without supplementation with
the hormone, it was probably not related to CKD. For
this reason, it is suspected that it was anemia of chronic
inflammation [3], due to some concomitant condition,
that has not been identified.
Imaging tests in cats with CKD are important
both for diagnostic, especially in the early stages,
and for the search of concomitant conditions, such
as urolithiasis [20]. Renal pelvic dilatation may
indicate pyelonephritis, renal disease, ureteral obstruction or may be seen in patients receiving fluid
therapy [4]. Since no positive urine cultures were
obtained and no ureterolithiasis were observed on
radiographic and ultrasonographic examination, this
alteration could be related only to excessive diuresis,
due to polyuria [4].
The limitations of this study included those
commonly found in clinical trials, such as owner
failure related to comply with prescribed recommendations and lack of full control over the management of the patients. In addition, cats were followed
for a relatively short time, since CKD in cats may
remain stable over the years. Furthermore, renal
biopsies were not performed, which made it difficult
to determine the cause of CKD and its prognosis.
The evaluation of renal function by SDMA would
be more reliable for patients with loss of muscle
mass. Still, the sample studied was small and the
animals received medications for the management
of CKD, so the effect of the prescription diet alone
cannot be evaluated. However, it is believed that
this is a study that represents the real conditions of
clinical management of CKD in cats, including the
challenges encountered by small animal clinicians.
CONCLUSIONS

The use of a renal prescription diet associated
with the clinical management of CKD kept the cats
clinically stable for 1 year long. Despite CKD staging
progression was not observed in most cats using serum
creatinine as a single parameter, some cats presented
BW and MMS reduction. This study enhances the im-
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portance of the association of clinical and nutritional
management in the maintenance of cats with CKD.
We suggest that other studies are done during longer
periods of time and with a larger sample to support the
results found. We also suggest new studies to evaluate
the protein requirements for cats with CKD.
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