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Introduction
 In humans, restriction of protein has been one of the major 
strategies to slow the progression of CKD [1]. Protein restriction leads 
to the reduction of host metabolites, such as urea and creatinine that 
are associated with deteriorating kidney function [2]. High protein 
intake damages glomerular structure by inducing hyper-glomerular 
filtration to remove protein-derived nitrogenous waste products [3]. 
Protein restriction has also been linked to reduction of uremic toxins 
produced by the gut microbiome. The increased protein that reaches 
the colon provides proteolytic bacteria a competitive advantage 
over saccharolytic bacteria, which mainly utilize carbohydrates 
and fiber [4]. Similar observation of reduced saccharolytic bacteria 
has been reported in dogs even with the use of highly digestible 
protein, which could be due to the reduced carbohydrate inclusion 
when formulating a high protein pet food [5]. Microbial indolic (e.g. 
3-indoxylsulfate) and phenolic (e.g. P-cresol sulfate) uremic toxins 
are the result of microbial fermentation of amino acids such as 
tryptophan, phenylalanine and tyrosine. Previous reports have shown 
the significant inverse correlations of concentration of such microbial 
uremic toxins with kidney function [6,7].

 Cats with CKD have increased blood concentration of urea, 
creatinine, and microbial uremic toxins such as indole sulfates, which 
may be negatively affecting renal health [8]. In addition to several 
nutritional solutions targeting macronutrients, pH and fiber source, 
most feline foods designed to aid in the management of CKD are 
restricted in protein and phosphorus and some have been shown 
to reduce clinical signs of uremia [9-11] and prolong the lives of 
cats with CKD [12]. Protein restriction is usually associated with 
phosphorus restriction since many meat-based protein sources 
have high phosphorus content. CKD patients progressively lose the 
ability to excrete phosphorus leading to hyperphosphatemia, which 
is associated with kidney damage, inflammation and oxidative 
stress [13]. Independent of other nutritional factors, phosphorus 
restriction has been shown to delay progression of CKD both in cats 
and humans [14,15]. Dobenecker et al. [16], reported that cats fed a 
high phosphorus diet experienced glucosuria, microalbuminuria and 
decreased creatinine clearance confirming kidney damage associated 
with excess phosphorus intake. The use of inorganic phosphate 
as food additives and preservatives is linked to a higher negative 
health outcomes due to its high digestibility and bioavailability [17]. 
Overall, studies on humans and cats have shown the importance of 
restricting phosphorus intake to prevent adverse effects on kidney 
function [16,18]. However, there have been controversies regarding 
whether phosphorus restriction alone should be sufficient to delay 
the progression of CKD in humans [15] and in cats [12,19]. To our 
knowledge, there were no reports showing the effect of increasing 
protein on concentrations of uremic toxins in CKD cats while  
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maintaining similar phosphorus concentration. We hypothesized that 
in CKD cats higher protein consumption increases the concentration 
of circulating uremic toxins despite similar phosphorus intake. 
The objective of this study was to evaluate the effect of feeding 
CKD cats foods containing varying protein but similar phosphorus 
concentrations, on body weight and blood levels of uremic toxins.

Methods 
 The study was approved by the Institutional Animal Care and 
Use Committee, Hill’s Pet Nutrition, Inc., Topeka, KS, USA (Permit 
Number: 790) and Animal Welfare Committee. All protocols in the 
study complied with the National Institute of Health Guide for the Care 
and Use of Laboratory Animals (NRC, 2011). Cats were individually 
housed with exposure to natural light. All cats had opportunities to 
exercise with access to indoor runs and toys. Cats were owned by 
the commercial funders of this research or their affiliates, who gave 
permission for them to be included in this study. All cats returned to 
the Hill’s Pet Nutrition, Inc. Colony at the end of the study.

Experimental foods

 Proximate analysis of the dry test foods was conducted as 
previously described [8]. The study used a pre-trial food, a complete 
and balanced dry food designed to aid in the management of renal 
disease, and three test foods formulated to contain 36.77% (P37), 
31.91% (P32) or 25.94% (P26) as fed protein. The phosphorus 
concentrations of all foods were maintained at approximately 0.5%. 
The foods also had similar ash, crude fat, crude fiber and moisture 
contents. Digestibilities of the foods were largely similar with protein 
digestibility ranging from 89.7 % to 94.0 % (Table 1). The main 
sources of protein in the foods were plant based corn gluten (20.9%, 
17.2%, 14.8% in P37, P32 and P26, respectively), and animal based 
chicken, casein, poultry by-product meal and egg combined (34.1%, 
28.0%, 20.7% in P37, P32 and P26, respectively). Equal amounts of 
corn starch and rice increased as the protein ingredients combined. 
Pork fat was used to offset the changing fat concentrations of the 
other ingredients. Dicalcium phosphate was used only in P32 (0.23 
%) and P26 (0.74 %) to increase their phosphorus concentration to 
match the level in P37.

Participants and experimental design

 The study was conducted using a total of 22 domestic shorthair 
breed cats diagnosed with IRIS stage 1 (International Renal Interest 
Society stage 1) [20]. Of the 22 cats, 10 were spayed female and 12 
were neutered male, ranging in age from 6 to 13 years. The average 
body weight of the cats was 6.1±1.1Kg. After a period of 27 days on a 
pre-trial food, a complete and balanced dry food designed to aid in the 
management of renal disease, cats were assigned into six subgroups 
to receive P37, P32, and P26, each for 111 days, in a Williams Latin 
Square design sequence (Figure 1). Total food intakes and body 
weights were monitored daily and weekly, respectively. Samples for 
blood chemistry, urinalysis, and plasma metabolomics were collected 
at the end of each treatment period. Cats were to be removed from 
the study if they develop any condition whereby removal would 
benefit the animal, including refusal to eat, or inadequate food 
intake resulting in weight loss of 15% of body weight. The average 
metabolic weight of cats after the consumption of each treatment food 
was reported as weight (Kg) to the power of 0.75. Blood samples 
were collected at the end of each treatment period to evaluate changes  

in serum biochemistry and plasma metabolites. Urine was collected 
by cystocentesis for routine urinalysis, and UPC was calculated by 
dividing the concentration of urine protein by that of urine creatinine.

Proximate Analysis, %
Protein Level

P37 P32 P26

Moisture 6.76 6.35 6.76

Ash 4.54 4.31 4.45

Crude protein 36.77 31.91 25.94

Crude Fat 17.71 17.93 17.71

Crude Fiber 1.3 1.3 1.2

Phosphorus 0.51 0.48 0.52

Magnesium 0.048 0.045 0.047

Calcium 0.67 0.68 0.69

Calcium/Phosphorus ratio 1.3 1.4 1.3

Arginine 1.64 1.42 1.26

Histidine 0.92 0.79 0.64

Isoleucine 1.68 1.44 1.18

Leucine 4.25 3.63 2.91

Lysine 2.10 1.77 1.42

Methionine 1.22 1.18 1.25

Phenylalanine 1.96 1.69 1.37

Threonine 1.48 1.28 0.99

Tryptophan 0.4 0.34 0.26

Tyrosine 1.56 1.33 0.96

Valine 2.01 1.71 1.41

Digestibility

Apparent dry matter digestibility, % 91.9 89.7 90

Apparent protein digestibility, % 94 89.7 90.9

Apparent fat digestibility, % 95.2 91.8 94.9

Apparent carbohydrate digestibility, % 94 95 92

Apparent energy digestibility, % 93.53 91.26 92.34

Diet gross energy, kcal/kg 5220 5220 5485

Food metabolic energy, kcal/kg 4589 4539 4871

Nitrogen-free extract calories, % 30.1 38.3 40.2

Protein calories, % 34.2 26.9 23

Fat calories, % 35.7 34.8 36.8

Table 1: Proximate food analysis (as fed) and digestibility.

Figure 1: Williams Latin Square design in which CKD cats were assigned to 6 groups 
to receive P37, P32 and P26 in a particular sequence.
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Blood and urine metabolites

 Relative quantification of plasma metabolites was performed by 
a commercial laboratory (Metabolon, Morrisville, NC) as previously 
described [21]. Identification of hydrophilic and hydrophobic 
molecules was performed using the gas chromatography and liquid 
chromatography platforms, respectively. Mean units of metabolites 
including carbohydrates, amino acids, peptides, lipids, nucleotides, 
cofactors and vitamins, are represented as relative levels after scaling 
for a median of 1.

 Blood chemistry and urinalysis were performed in serum and urine 
samples as described before [22]. Serum concentrations of creatinine, 
albumin, Blood Urea Nitrogen (BUN), total protein and phosphorus 
were measured. Urinalysis was conducted to determine urine pH, 
specific gravity, and concentrations of creatinine and total protein.

Statistical analysis

 The JMP Pro software (JMP, Cary, NC, USA) was used to perform 
mixed model and Principal Components Analysis (PCA). Mixed 
model analysis was performed using treatment food as a main effect 
and animal identification as a random effect. Post hoc Tukey’s test was 
used to compare differences after cats consumed P26, P32 and P37. 
Plasma metabolomics data were rescaled to a median value of 1 and 
are presented as group mean and standard errors. The relative units 
of the metabolites were log transformed before statistical analyses 
was performed using ArraySudio (Omissoft Corporation, Cary NC). 
Means of the log transformed metabolites were compared between 
the treatments using a mixed model. In all analyses, statistical 
significance was considered as P≤0.05.

Results and Discussion
Body weight and daily intake

 The average metabolic body weight was not statistically different 
when cats were fed P37, P32 or P26 (P>0.05). Cats had average 
metabolic body weights of 3.88Kg0.75, 3.87Kg0.75, and 3.86Kg0.75 after 
they were fed P37, P32 and P26, respectively. They maintained body 
weight on all treatment foods with average body weights of 6.11 
Kg, 6.10 Kg and 6.07 Kg after P37, P32 and P26, respectively. The 
average daily food intake of the cats on the P37, P32 and P26 were 
77.5g/BWKg0.75, 82.1g/BWKg0.75 and 85.4g/BWKg0.75, respectively. 

Both body weight and average daily intake were not significantly 
different between the treatment foods.

 Cats with CKD commonly experience weight loss [23], as a result 
of loss of appetite and reduced food intake [9]. All treatment foods in 
this study met AAFCO recommendations for essential amino acids in 
cat food and had similar energy content (Table 1). The results show 
that the foods with varying protein concentrations did not compromise 
food intake and helped cats with CKD maintain body weight.

 All treatment foods contained approximately 0.5% phosphorus, 
0.7% calcium and 0.05% magnesium as fed (Table 1). The dietary 
cation anion balance (DCAB) of the foods as determined by the 
difference in the cations (sodium and potassium) and anions (chloride 
and sulfur) in the foods [24], was -9.6, -11 and -12.9 mEq/100g DM 
(milliequivalents per 100g dry matter), for the P37, P32 and the P26 
protein foods, respectively.

Blood chemistry and urinalysis

 The concentration of phosphorus in the blood was not statistically 
different after cats consumed P37 (3.71mg/dL±0.07), P32 (3.74mg/
dL±0.06) and P26 (3.79mg/dL±0.08) (P>0.05). The results were 
expected as the treatment foods were formulated to contain similar 
phosphorus concentrations (Table 1). There were no differences 
by treatment in blood concentrations of creatinine, total protein 
and albumin. Blood Urea Nitrogen (BUN) concentrations were the 
highest after cats were fed P37 (29.1mg/dL, SE=1.64) and were 
different from the concentrations after feeding P32 (p=0.0007; 
25.8mg/dL±0.08) and P26 (p<0.0001; 23.5mg/dL±0.09) (Table 2). 
High protein intake increases BUN in humans [25] and in cats [26]. 
It is well established in humans that decreased protein consumption 
benefits kidney patients by lowering BUN and other uremic toxins. 
We have previously shown that CKD cats have higher BUN compared 
to healthy cats [8]. Feeding CKD cats a high protein food may have 
deleterious consequence on the kidney by further increasing BUN 
concentrations.

 Urine Protein to Creatinine ratio (UPC) was significantly different 
between treatments. Cats had the highest UPC on P37 followed by 
P32 (Table 1). Proteinuria, the presence of protein in the urine, is 
linked with kidney disease. Proteinuric animals with kidney disease 
live shorter than non-proteinuric animals with kidney disease [27]. In 
this study, urinary excretion of total protein was the lowest when cats 
ate P26 suggesting the importance of restricting protein for cats with 
CKD.

 Urine pH plays an important role in the risk of stone formation in 
companion animals. Urine pH of cats in this study was significantly 
higher after they were fed P37 (6.5±0.07) compared to P32 (p=0.03, 
6.3±0.06) and P26 (p<0.0001, 6.1±0.06). The slightly higher DACB 
of the P37 food may have contributed to the increase in the urine 
pH. Increase in urine pH is known to increase the risk of struvite 
formation while decreasing the incidence of calcium oxalate stone 
[28]. Accordingly, blood concentrations of magnesium were 
significantly higher after cats were fed P37 compared to both P32 
and P26 (Table 2). Blood concentration of calcium, which correlates 
with oxalate crystal formation [29], significantly increased with P37 
food compared to P32. Increased plasma calcium concentration has 
been shown to be associated with the progression of CKD in cats 
[30]. Further studies utilizing urine sediment analysis and GFR 
measurements are recommended to confirm the impact on the risk of 
urolithiasis and CKD progression. Urine Specific Gravity (USG) was 
slightly lower on P26 compared to both P37 and P32 (P<0.01) (Table 
2). Previously, we showed that cats with CKD had higher urine pH 
and lower urine specific gravity compared to healthy cats [8]. The 
minimally reduced proteinuria after feeding CKD cats P26 could 
have attributed to the slight reduction in USG. However, additional 
studies on CKD cats may provide more information on the clinical 
significance of changes in UPC and USG associated with varying 
protein intake.

Plasma metabolomics

 A total of 749 metabolites were identified in plasma samples 
collected after each treatment period. The complete plasma 
metabolomics data is shown in table S1. Principal Component 
Analysis (PCA) of plasma metabolites showed no separation of the 
95% confidence areas after cats were fed P37, P32 and P26 (Figure 2).
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 Neither of the Principal Components (PC1 and PC2) was 
significantly different between treatments (P>0.05). Similarly, 
previous evaluations of plasma and fecal metabolome did not show 
a complete separation in PCA analysis although plasma metabolites 
differentiated healthy cats from CKD cats better than fecal metabolome 
[8,31]. However, significant differences in plasma concentrations 
of uremic toxins, branched-chain amino acids and fatty acids were 
detected in samples collected after cats were fed P26, P32 and P37.

Urea and amino acids pathway metabolites in plasma

 Higher protein consumption led to significantly increased 
concentrations of urea and homocitrulline in the plasma of the CKD 
cats (Figure 3).

 Cats with CKD have increased plasma concentrations of urea 
and citrulline compared to healthy cats [8]. CKD cats had also a 
numerically higher mean concentration of the arginine and proline 
cycle metabolite, homocitrulline [8]. Homocitrulline is a product of 
carbamylation of the amino groups of lysine residues. Carbamylation 
involves the addition of isocyanic acid, a product of urea dissociation, 
to amino acids. Desmons et al. [32], reported a positive correlation 
between homocitrulline and urea concentrations in renal patients. 
Further, increased protein intake led to higher plasma concentrations  

of the metabolites in the Leucine, isoleucine, valine pathway, such as 
isovalerate, beta-hydroxyisovaleroylcarnitine, 3-hydroxyisobutyrate 
and the lysine pathway metabolite N,N-dimethyl-5-aminovalerate 
(Figure 3). CKD is associated with altered amino acids profile in 
the plasma [33]. We have previously reported elevated plasma 
concentrations of the above metabolites in dogs with early renal 
disease compared to healthy dogs [34]. The histidine metabolism 
pathway metabolite, 1-methyl-5-imidazoleacetate also increased with 
high protein intake (P37) (Figure 3). High protein diets increase the 
activity of histidase, the rate-limiting enzyme in the catabolism of 
histidine to metabolites such as imidazoleacetate. On the other hand, 
low histidine foods decrease the enzyme’s activity preserving histidine 
from degradation [35]. The increase in the plasma concentrations of 
1-methyl-5-imidazoleacetate could be the result of increased protein 
intake. Feeding renal cats a high protein food may therefore have 
a negative impact on CKD cats by increasing the accumulation of 
metabolites associated with the disease progression.

Figure 2: Principal component analysis of plasma metabolites did not show separa-
tion in 95% confidence areas (large circles) after cats were fed P37 (dark circles), P32 
(dark grey circles) and P26 (light grey circles). Data were rescaled to a median value 
of 1. Significance was determined using one-way ANOVA on the log-transformed 
values followed by a post hoc Tukey’s test.

Figure 3: Relative mean units of plasma concentrations of urea and homocitrulline, 
3-hydroxyisobutyrate, N6-methyllysine, isovalerate, N,N-dimethyl-5-aminovaler-
ate, beta-hydroxyisovaleroylcarnitine, 1-methyl-5-imidazoleacetate, Butyrylglycine, 
lactate and gamma-tocopherol/alpha-tocopherol after CKD cats were fed P37 (black 
bars), P32 (grey bars) and P26 (light grey bars). Data were rescaled to a median value 
of 1 and are presented as group mean and standard errors. Significance was determined 
using mixed model analysis on the log-transformed values followed by a post hoc 
Tukey’s test. Bars with a letter in common were not significantly different (P≤0.05).

Serum chemistries P37a P32b P26c P37-P32
P (SE)

P37-P26
P (SE)

P32-P26
P (SE)

Creatinine1 1.34±0.09 1.23±0.04 1.33±0.05 0.1 (0.05) 0.97 (0.06) 0.19 (0.06)

BUN1 29.1±1.64 25.8±0.08 23.5±0.09 0.0007 (0.89) <0.0001 (0.91) 0.04 (0.91)

Total protein2 6.95±0.08 6.94±0.08 6.94±0.08 0.81 (0.06) 0.93 (0.06) 0.97 (0.06)

Albumin2 3.38±0.04 3.4±0.04 3.36±0.04 0.87 (0.03) 1 (0.03) 0.87 (0.03)

Phosphorus1 3.71±0.07 3.74±0.06 3.79±0.08 0.89 (0.08) 0.57 (0.08) 0.85 (0.08)

Magnesium1 1.96±0.19 1.83±0.25 1.88±0.23 0.0002 (0.026) 0.012 (0.027) 0.48 (0.026)

Calcium1 10.39±1.09 10.82±1.22 10.59±1.13 0.006 (0.12) 0.27 (0.12) 0.29 (0.12)

Urinalysis

Urine pH 6.5±0.07 6.3±0.06 6.1±0.06 0.03 (0.07) <0.0001 (0.07) 0.02 (0.07)

UPC3 0.22±0.14 0.20±0.12 0.16±0.09 0.02 (0.008) 0.002 (0.015) 0.002 (0.008)

Urine specific gravity 1.045±0.001 1.045±0.001 1.042±0.001 0.89 (0.001) 0.008 (0.001) 0.002 (0.001)

Table 2: Selected serum and urine response to dietary protein.

Note: 1mg/dL, 2g/dL, 3UPC: Urine protein to creatinine ratio, a36.8%, b31.9%, c25.9% as fed protein.
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 In a contrasting shift, the glycine conjugated short-chain fatty 
acid, butyrylglycine, and lactate decreased with increased protein 
consumption. Most Short-Chain Fatty Acids (SCFs) are not detectable 
in a metabolomics screen. Butyrylglycine may serve as a proximate 
measurement of the anti-inflammatory butyrate [5]. The decrease in 
butyrylglycine and the short-chain fatty acid, lactate may be due to 
the increased proteolysis by the gut bacteria that produces break-
down products of protein, peptides and amino acids. This is shown 
by the increased concentrations of the Branched- Chain Fatty Acids 
(BCFAs) such as isovalerate with increased protein consumption. 
An increase in BCFAs and a decrease in SCFs is an indication of 
enhanced proteolysis by the gut microbes [36]. The controlled 
protein delivered to the gut when cats were fed P26 may have given 
saccharolytic bacteria a competitive advantage to ferment fiber and 
produce the beneficial postbiotics, butyrate and lactate [37,38].

 Oxidative stress plays an important role in the pathophysiology 
of CKD in cats [39]. Ling and Kuo [40] summarized the various 
mechanisms through which oxidative stress is increased in CKD 
patients including the marked reduction in antioxidants such as 
alpha tocopherols in the serum. Cats with CKD have significantly 
lower plasma concentration of the antioxidant gamma-tocopherol/
beta-tocopherol compared to healthy cats [8]. Here, CKD cats had a 
significantly decreased plasma concentration of gamma-tocopherol/
beta-tocopherol, after they were fed P37 (Figure 3). Uremic toxins are 
among various factors contributing to the pro-oxidant state of CKD 
patients [40]. The increase in the plasma concentrations of several 
uremic toxins after cats were fed P37 could have led to the reduction 
in the antioxidants. The results indicate feeding CKD cats a high 
protein food may have a negative health consequence of increased 
oxidative stress.

Plasma levels of indoles

 Plasma concentrations of indole sulfates such as 3-indoxyl 
sulfate, 5-hydroxyindole sulfate, 6-hydroxyindole sulfate and 
3-hydroxyindolin-2-one sulfate increased significantly with increased 
consumption of protein (Figure 4). Indolin-2-one also showed a 
similar increase with protein consumption (Figure 4). Similarly, we 
have previously shown the increase in plasma concentrations of 
indole sulfates in healthy adult dogs with increased protein intake 
[5]. Indole sulfates are microbial uremic toxins produced by the 
proteolysis of the amino acid tryptophan. Blood concentrations 
of 3-indoxyl sulfate have a negative correlation with Glomerular 
Filtration Rate (GFR) [7,41,42] and a positive correlation to the blood 
concentration of creatinine [43]. Cats with renal disease have elevated 
plasma concentrations of indole sulfates compared to healthy cats [8]. 
The increase in indole sulfates with increased protein intake suggests 
feeding renal cats a high protein food may speed up the progression 
of kidney disease.

 Unlike the sulfated indoles, the concentrations of indoleacetate 
were not different between treatments and were actually numerically 
higher in the group eating the lower protein food. Indolelactate 
concentration after cats were fed P37 was significantly lower than the 
concentration after cats ate the medium protein food (P<0.05) (Figure 
4). Both indoleacetate and indolelactate are beneficial indoles that 
improve the gut barrier integrity [44].

Plasma concentrations of phenolic uremic toxins

 The concentrations of phenolic compounds such as P-cresol 
sulfate, hippurate, 4-ethylcatechol sulfate, phenylpropionylglycine 
and 3-phenylpropionate (hydrocinnamate) increased with higher 
protein consumption (Figure 5). The concentration of P-cresol sulfate 
was significantly higher when cats were fed P37 and P32 compared 
to P26. There was no statistical difference between the concentrations 
of most other phenolic uremic toxins after cats were fed P32 and P26. 
The concentrations of phenylpropionylglycine and hippurate were 
significantly higher after cats were fed P37 compared to both P32 and 
P26. The concentration of 3-phenylpropionate (hydrocinnamate) and 
4-ethylcatechol sulfate were only significantly different between P37 
and P26.

Figure 4: Relative mean units of plasma concentrations of indoles after CKD cats 
were fed P37 (black bars), P32 (grey bars) and P26 (light grey bars). Indole sulfates 
including 3-indoxylsulfate, 5-hydroxyindole sulfate, 6-hydroxyindole sulfate, 3-hy-
droxyindolin-2-one sulfate and indoline-2-one increased with increased protein intake 
(P<0.0001). Indoleacetate was not different by treatment while indolelactate concen-
trations were significantly higher after CKD cats were fed P32 compared with P37. 
Data were rescaled to a median value of 1 and are presented as group mean and stan-
dard errors. Significance was determined using mixed model analysis on the log-trans-
formed values followed by a post hoc Tukey’s test. Bars with a letter in common were 
not significantly different (P≤0.05).

Figure 5: Relative mean units of plasma concentrations of phenolic uremic toxins 
after CKD cats were fed P37 (black bars), P32 (grey bars) and P26 (light grey bars). 
Concentrations of P-cresol sulfate were significantly higher after cats were fed P37 and 
P32 compared to P26. Hippurate and phenylpropionylglycine were significantly high-
er after cats were fed P37 compared to both P32 and P26. Concentrations of 3-phenyl-
propionate (hydrocinnamate) and 4-ethylcatechol sulfate significantly increased after 
cats ate P37 compared with P26. Data were rescaled to a median value of 1 and are 
presented as group mean and standard errors. Significance was determined using the 
mixed model analysis on the log-transformed values followed by a post hoc Tukey’s 
test. Bars with a letter in common were not significantly different (P≤0.05).
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 Most phenolic uremic toxins originate from the microbial 
fermentation of the amino acids phenylalanine and tyrosine. P-cresol 
sulfate is one of the most studied phenolic microbial uremic toxin 
which correlates negatively with GFR [43]. Several microbial uremic 
toxins positively correlate with blood concentrations of creatinine and 
Symmetric Dimethylarginine (SDMA) [34]. Likewise, Increase in the 
concentration of microbial phenolic uremic toxins has been associated 
with negative health consequences in CKD [45], through mechanisms 
involving inflammation and increased oxidative stress [46]. Feeding 
CKD cats protein restricted foods may slow down the progression of 
kidney disease through the reduction in the accumulation of several 
uremic toxins.

 Limitations of this study include absence of microbiome and 
fecal metabolomics data to evaluate changes in the gut microbial 
composition and fecal metabolites with varying protein intake. 
However, very few microbial changes were observed in previous 
interventional studies in CKD cats [8]. The fecal metabolomics of 
renal cats were also shown to be similar to that of healthy cats [31]. 
However, varying levels of protein affects the fecal metabolome and 
microbiome of healthy dogs significantly [5]. Studies evaluating 
these changes in CKD cats would elucidate the gut associated 
changes that led to increased microbial uremic toxins in the plasma. 
Also, this study did not measure GFR of CKD cats after they were 
fed the foods with varying protein levels. Although several studies 
showed the correlation of the increased uremic toxins with reduced 
GFR [7,34,43], the measurement of GFR in the CKD cats after they 
were fed the foods with varying protein levels would also provide 
additional information on the impact on kidney function. This may 
be especially interesting because it is known that increased protein 
intake increases GFR [47]. So, the increased circulating concentration 
of the uremic toxins is even in the presence of a likely increased GFR.

 In conclusion, the results of this study mainly indicate that high 
protein consumption increases BUN, UPC and concentrations of 
microbial uremic toxins such as 3-indoxyl sulfate and p-cresol sulfate 
in the plasma. Future work is needed to evaluate the effects of these 
changes on kidney function, the gut microbiome and fecal metabolites 
in CKD cats.
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