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Abstract

Uremic toxins, in addition to blood urea nitrogen and creatinine, contribute to the clinical signs of illness observed in 
cats with chronic kidney disease (CKD). Toxin accumulation contributes to CKD progression by leading to systemic 
inflammation and ongoing renal damage. Production and absorption of the toxins are affected by changes in the 
gut microbiota associated with CKD, along with dietary nutrient breakdown. Understanding the formation of 
uremic toxins and how the gut microbiota interact with dietary components helps clinicians develop nutritional 
strategies aimed at improving outcomes for cats with CKD.

Take-Home Points

	� The 3 fundamental nutritional 
strategies for decreasing 
circulating gut-derived toxin 
accumulation contributing 
to uremia in cats with CKD 
are 1) decreasing dietary 
substrates for toxin formation, 
2) modulating gut microbiota 
to decrease toxic metabolite 
production and maintain the 
mucosal barrier, and  
3) decreasing gastrointestinal 
absorption of formed toxic 
metabolites.

	� A major therapeutic target 
for reducing gut-derived toxin 
production in cats with CKD is 
lowering dietary protein intake 
while providing high-quality 
protein sources; the optimal 
degree of restriction is unknown 
and should be individualized 
according to the cat’s current 
intake and clinical response.

	� Providing soluble, fermentable 
prebiotic fiber promotes growth 
of beneficial gut bacteria 
and preserves integrity of the 
gut mucosal barrier, thereby 
decreasing formation and 
absorption of toxins.

	� A recently available charcoal-
based absorbent is a promising 
therapeutic for decreasing 
uremic toxin absorption, 
although further exploration is 
needed.
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Gut-derived toxins are a collection of circulating 

compounds derived from by-products of nutrient 

fermentation by gut bacteria that contribute to the 

clinical picture of uremia in cats with chronic kidney 

disease (CKD). The most well-known uremic toxins in 

veterinary medicine are blood urea nitrogen (BUN) and 

creatinine; however, approximately 100 other uremic 

metabolites have been described. Several of the other 

gut-derived toxins have demonstrated clinical 

relevance in humans and cats with CKD, including 

indole-3-acetic acid, indoxyl sulfate, p-cresol, 

phenylacetic acid, and trimethylamine N-oxide.1-4

In individuals with normal renal function, gut-derived 

toxins are effectively cleared from circulation and have 

little clinical effect. Because renal excretion is the sole 

elimination mechanism, the toxins accumulate in 

individuals with CKD, including cats, in direct 

proportion to the degree of decreased glomerular 

filtration rate.2 In addition to decreased glomerular 

filtration rate, gastrointestinal (GI) and dietary factors 

increase microbiota-derived toxin production and 

absorption in cats with CKD (FIGURE 1).5,6 

Uremic Toxins and Feline CKD
Relatively recent studies have explored the association 

between gut-derived toxins and the diagnosis and 

progression of CKD in cats.1-3,7,8 Not only have increased 

serum concentrations of several toxins been identified 

in cats with CKD but higher concentrations have been 

associated with International Renal Interest Society 

(IRIS) disease severity.2,7 Increased circulating toxins 

may not only serve as markers of CKD progression but 

they may also predict CKD development in cats.9 In 

addition, several gut-derived toxins (e.g., indoxyl 

sulfate, trimethylamine N-oxide) can directly 

contribute to CKD progression by further decreasing 

renal antioxidant capacity and subsequently worsening 

inflammatory-induced renal tubular damage.1,3,10,11 In 

addition to the direct renal and GI effects of gut-

derived toxins, their accumulation could contribute to 

metabolic changes observed in cats with CKD, 

including vascular mineralization, decreased 

erythropoietin production and anemia, protein/energy 

malnutrition, and sarcopenia.12

Nutritional Considerations for 
Decreasing Gut-Derived Toxin 
Accumulation in Cats With CKD
Because gut-derived toxins are formed from dietary 

substrates, nutritional modification is a key strategy for 

reducing circulating toxin concentrations. Nutritional 

FIGURE 1. Gastrointestinal (GI) and patient-specific factors contributing to increased production and absorption of gut-derived toxin 
precursors in cats with chronic kidney disease.
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management of gut-derived toxins involves 3 broad 

approaches. 

	� Decreasing dietary substrates that are converted to 

uremic toxin precursors

	� Modifying the GI microbiota to alter the metabolome 

and intraluminal environment

	� Decreasing absorption of precursor metabolites after 

they are formed

The following are dietary ingredients and supplements 

that can be modified to accomplish the 

above approaches.

Protein
A component of nutritional management for cats with 

CKD has long been reducing dietary protein, with 

emphasis placed on controlling phosphorus. However, 

because many gut-derived toxins are derived from 

protein, decreased protein intake could also be 

beneficial by decreasing formation of toxin precursors 

(TABLE 1).4

Although selectively restricting the specific amino 

acids listed in TABLE 1 is impractical in a clinical 

setting, studies of healthy cats and cats across IRIS 

stages of CKD support the independent relationship 

between dietary protein intake and circulating toxin 

concentrations.13,14 

The optimal level of protein restriction for cats with 

CKD is unknown. Dietary protein reduction should be 

balanced with meeting protein and essential amino 

acid requirements, especially because cats, as obligate 

carnivores, have decreased capacity to downregulate 

protein metabolism if minimal protein needs are not 

met.15,16 The greatest reduction in circulating gut-

derived toxins seems to be more closely associated with 

avoiding moderate-to-high protein diets (e.g., 8 to 11 g 

protein/100 kcal diet) than with differences among 

lower-protein diets (e.g., 7 g versus 5.3 to 5.7 g 

protein/100 kcal diet).13,14 Therefore, when selecting a 

diet for initial protein reduction, the first 

recommendation is to review a cat’s current dietary 

protein intake. 

Further reductions can be guided by clinical signs of 

uremia (e.g., vomiting, nausea, decreased appetite) and 

biochemical evidence of increased uremic compounds 

(e.g., substantially increased BUN). In addition, in 

considering key nutrients for cats with CKD, reducing 

protein is a major strategy for decreasing phosphorus 

intake, which independently contributes to CKD 

progression. However, lower dietary protein content 

does not consistently equate to lower phosphorus 

content across all commercial diets. Therefore, in 

selecting a diet, protein and phosphorus should be 

evaluated independently and each should be 

appropriately restricted for an individual cat. This 

highlights the value of considering the entire diet 

profile and disease process for an individual patient 

rather than focusing on a single diet characteristic.

In addition to lowering protein quantity, diet selection 

should prioritize high-quality, highly digestible 

proteins. Poorly digested proteins reaching the colon 

TABLE 1 Protein Precursors to Gut-Derived Toxins
AMINO ACID METABOLIC PRECURSOR GUT-DERIVED TOXIN
Betainea

Trimethylamineb Trimethylamine N-oxide 
Carnitine
Tryptophan Indole,b indole-3-acetic acid Indoxyl sulfate, indole-3-acetic acid
Phenylalanine

p-Cresol,b phenylacetic acid p-Cresol sulfate, phenylacetic acid
Tyrosine
aModified amino acid from glycine.
bMetabolites that undergo subsequent hepatic conversion to gut-derived uremic toxins.

Poorly digested proteins reaching 
the colon increase abundance of 

proteolytic bacteria, which increase 
gut-derived toxin precursors.4
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increase abundance of proteolytic bacteria, which 

increase gut-derived toxin precursors.4 Determining 

the comparative protein digestibility among different 

diets can be challenging because these data are not 

routinely provided on product labels. For some 

veterinary therapeutic diets, digestibility information 

is provided in product guides or can be obtained by 

directly contacting the manufacturer; the target 

digestibility for protein typically reaches at least 87%. 

Given the limitations of available data, veterinary 

therapeutic diets are often formulated with high-

quality protein sources and tighter nutrient 

specifications for the targeted disease state (i.e., less 

variability in protein content for therapeutic renal diets 

than for over-the-counter diets). In addition, larger 

manufacturers may have greater resources to 

consistently incorporate higher-quality ingredients 

and implement advanced quality control measures, 

resulting in improved standardization and reliability of 

nutrient content within a given diet.

Prebiotics
Some veterinary therapeutic diets for cats with CKD are 

low in dietary fiber (TABLE 2). However, fiber content 

varies; some diets have higher fiber content, often due 

to the inclusion of prebiotic fiber sources. Therefore, 

products should be compared rather than assuming 

that fiber is low in all diets. One should especially look 

beyond the crude fiber listed on the guaranteed 

analysis as this number can be misleading and does not 

reflect total dietary fiber content.

Although information for cats with CKD is limited, 

studies of rodents and humans support the inclusion of 

dietary prebiotic fiber to manage gut-derived toxin 

accumulation.18-20 Prebiotic fibers decrease abundance 

of proteolytic bacteria and help maintain the GI 

mucosal barrier, thereby decreasing uremic toxin 

absorption.19 However, although prebiotics are a type of 

fiber that can be fermented by gut bacteria, not all fiber 

sources are prebiotics; therefore, ingredient lists for 

TABLE 2 Crude and Total Dietary Fiber Content of Select Prescription Feline Renal Dietsa

PRODUCT NAME CRUDE FIBER, G/100 KCAL TOTAL DIETARY FIBER, G/100 KCALb

Dry Diet Formulations

Blue Buffalo Natural Veterinary Diet 
K+M Kidney + Mobility Support 1.14 2.17

Farmina Vet Life Renal 0.22 NA

Hill’s Prescription Diet k/d With 
Chicken 0.7 1.6

Purina Pro Plan Veterinary Diets NF 
Kidney Function Advanced Care 0.84 2.77

Royal Canin Veterinary Diet Renal 
Support A 1.09 2.71

Royal Canin Veterinary Diet Renal 
Support S 0.72 2.39

Canned Diet Formulations

Blue Buffalo Natural Veterinary Diet 
K+M Kidney + Mobility Support 1.02 1.02

Farmina Vet Life Renal 0.18 NA

Hill’s Prescription Diet k/d Pâté With 
Chicken 0.6 1.3

Purina Pro Plan Veterinary Diets NF 
Kidney Function Advanced Care 2.21 3.29

Royal Canin Veterinary Diet Renal 
Support E Loaf in Sauce 0.65 1.67

CF = crude fiber; NA = not available; TDF = total dietary fiber.
aNot a comprehensive list. Nutrient information provided from available product guides at the time of publication. Diet profiles can change over time; therefore, the 
most up-to-date product guide should be referenced. 
bNot available for all diets. Suggested levels for dietary fiber content in cats: low, < 0.5 g CF/100 kcal diet, < 1 g TDF/100 kcal diet; moderate, 0.5–1 g CF/100 kcal diet, 
1–2.5 g TDF/100 kcal diet; high, > 1 g CF/100 kcal diet, > 2.5 g TDF/100 kcal diet.17
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prebiotic fiber sources (e.g., fructooligosaccharides, 

chicory root [inulin]) in addition to fiber content 

should also be reviewed.

Studies of humans demonstrate that supplementation 

of fermentable, water-soluble fiber (e.g., 

fructooligosaccharides, inulin) is more effective at 

decreasing circulating toxin concentrations than 

supplementation of insoluble fiber (e.g., resistant 

starches).18,19 The specific benefit of fermentable, 

water-soluble fiber types for decreasing gut-derived 

toxin likely translates to cats as well (BOX 1).21,22

In addition to providing substrates for microbial 

fermentation, increased dietary fiber may provide 

indirect benefit through treating constipation. 

Although not directly evaluated in cats, constipation 

increases circulating gut-derived toxin concentrations 

in humans with CKD, most likely by increasing time for 

absorption.23 Constipation is a well-recognized 

comorbidity in cats with CKD, and fiber 

supplementation helps normalize GI motility.19,23-27

In selecting diets for cats with CKD, available evidence 

supports consideration of fiber quantity and 

fermentability, with particular attention to prebiotic 

sources. Although the optimal amount is unknown, 

increasing prebiotic fiber intake is a practical 

consideration for cats with CKD that demonstrate 

clinical signs of uremia while being fed low-fiber 

renal diets.

Gastrointestinal Absorbents
In veterinary medicine, using GI absorbents to bind 

and decrease absorption of gut-derived toxins is a 

relatively new approach. A commercially available 

carbon-based absorbent (Renaltec; Porus One, Dechra) 

has demonstrated short-term decreases in circulating 

toxin concentrations in healthy older cats, as well as 

cats with naturally occurring and experimentally 

induced CKD.28-30 Whether those effects persist is 

unclear, but initial data are promising and other 

beneficial effects (e.g., improved GI bacterial dysbiosis, 

weight maintenance) have been 

preliminarily observed.28

Probiotics
Evidence for gut-derived toxin management with 

probiotics in cats with CKD is low, although some 

evidence supports probiotic effectiveness in humans.31 

Possible mechanistic benefits of probiotic 

supplementation are:

	� Selective supplementation of bacteria with beneficial 

(i.e., saccharolytic versus proteolytic) gene 

expression, decreasing gut-derived toxin production

	� Improved GI mucosal barrier function, decreasing 

gut-derived toxin absorption

One commercial veterinary synbiotic (i.e., prebiotic 

and probiotic) product (Azodyl, Vetoquinol) is 

marketed for decreasing gut-derived toxin production 

in cats with CKD. The 2 studies published about this 

product demonstrated conflicting results; no benefit 

was observed in a double-blinded, controlled clinical 

trial.32,33 Supplementation of other products containing 

either Enterococcus faecium SF68 (FortiFlora, Purina 

Pro Plan) or 2 strains of Lactobacillus species have not 

been shown to significantly decrease circulating 

gut-derived toxin concentrations.34,35 However, the 

latter study did identify some responders in which 

decreased toxin concentrations were associated with 

higher fecal abundance of the supplemented probiotic 

species34; regardless, this finding represents only 

limited evidence of benefit in a small number of cats.

In considering probiotic use in cats with CKD, the lack 

of oversight on supplement quality should be 

recognized.36 Effects observed with 1 probiotic product 

cannot be extrapolated to other formulations or 

bacterial species. Therefore, clinicians should select 

commercial products for which published evidence 

supports quality control and disease-specific efficacy.

Summary
Production and absorption of gut-derived toxins 

contribute to morbidity and disease progression in cats 

BOX 1 
Prebiotics Evaluated for Reduction of 
Uremic Toxins in Cats21,22

	� Apple pomace
	� Long-chain oat β-glucan
	� Short-chain fructooligosaccharides
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with CKD. Preliminary studies in healthy cats and cats 

with CKD demonstrate that dietary management of 

gut-derived toxin production and absorption is 

beneficial. First-line interventions include 

individualized modification of dietary protein intake 

and prebiotic fiber supplementation, and oral carbon-

based absorbents offer an effective adjunctive 

treatment option. Future studies that evaluate the 

long-term effects of nutritional management on 

circulating gut-derived toxin concentrations in larger 

populations of cats with CKD and that define dietary 

nutrient levels that optimize clinical benefit without 

negative effects (e.g., level of protein restriction) would 

be helpful. 
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been evaluated as described in a comprehensive literature review. In one study, KBr was administered at 30 mg/kg orally every 12 hrs for a period of 115 days. Serum, urine, 
and cerebrospinal �uid (CSF) bromide concentrations were measured at the onset of dosing, during the accumulation phase, at steady-state, and after a subsequent dose 
adjustment. Median elimination half-life and steady-state serum concentration were 15.2 days and 245 mg/dL (2.45 mg/mL), respectively. Apparent total body clearance was 
16.4 mL/day/kg and volume of distribution was 0.40 L/kg. The CSF: serum bromide ratio at steady state was 0.77. Bromide distributes into the CSF and interstitial tissues of the 
brain and is actively transported out of the CNS via the choroid plexus. At pharmacological doses, the active transport mechanism is overwhelmed and bromide accumulates 
in the brain and CSF. Bromide is not metabolized by the liver and is eliminated unchanged, primarily by renal clearance. Increased dietary consumption of chloride can 
promote loss of bromide in the urine, leading to a lowering of serum bromide concentrations. Decreased chloride consumption will promote increased renal reabsorption of 
bromide, causing an increase in bromide elimination half-life in dogs. 

To obtain full product information call 1-800-874-9764 or visit KBroVet.com. 

Approved by FDA under NADA #141-615 

Manufactured by: Pegasus Laboratories, Inc. Pensacola, FL 32514 

Dosage and Administration: For use in dogs only. The recommended total daily oral dosage is 25–68 mg/kg (11–31 mg/lb) of body weight, dosed with or without food, and 
should be adjusted based on monitoring of clinical response of the individual patient. Use of an initial loading dosage regimen may be considered on an individual patient 
basis, balancing the time required to achieve a therapeutic response while minimizing side e�ects. Storage: Store at 20-25°C (68-77°F).     

WARNINGS: NOT FOR USE IN HUMANS. KEEP THIS AND ALL DRUGS OUT OF REACH OF CHILDREN. 
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