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ats (Felis catus) are complicated creatures that have
fascinated, frustrated, and even evoked fear in humans for millennia. Although many factors influence
these emotions, most are certainly tied to the fact that
humans have attempted to tame one of the world’s greatest hunters, with only modest success. Cats have lived at
the periphery of human society, cohabiting with humans
but still retaining their independence, with diet options
that have included small animals or birds they captured.
Cats in this role were often included as members of the
family, but they only interacted with humans at times of
their choosing and, in the process, maintained strong ties
to their feral background.
Today, of all companion animals, domestic cats retain
the most anatomic, metabolic, and behavioral features of
their predecessors. Domestication has changed cats relatively little.1 However, cats have surpassed dogs as the
most common household pet in American households,
and even though they have been brought indoors and domesticated, their relationship with humans and their nutritional, physical, and emotional needs remain unique.1–3
Cats have come to fill a niche that the current urban environment demands because of their ability to live in small
spaces, function on little input from their human caregivers, and coexist with humans in a busy society.
Cats in confinement live under the authority of
their owners, who control what, when, where, and how
they eat and eliminate, and determine their opportunities to engage in species-typical activities. Animalowner relationships also are dyadic, so the actions of
the owner influence the actions of the animal, which
in turn influence subsequent actions of the owner on
the basis of attitudes and beliefs that arise in the mind
of the owner as a result of the animal’s actions.4–6 Moreover, relationships change over time and are further influenced by other events in the owner’s and cat’s lives.
Fortunately for cats, their current preeminence as
pets has resulted in substantial improvements in their
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Abbreviations
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Body weight
Metabolizable energy
National Research Council
Potential renal solute load

general health and life expectancy. Protecting them from
their natural predators (larger carnivores and primates)
and providing preventative medical care to decrease their
risk of illness from infectious diseases has increased the
average lifespan of cats from 4.5 years (which is typical of
an outdoor cat) to nearly 15 years.7 However, despite these
benefits, this crepuscular carnivore has been removed
from a free-roaming, active existence to a captive, indoor,
sedentary one. Cats have gone from frequent consumption of small meals that consisted of animals they could
catch and kill to consumption of prepared diets of human
choosing, which are often available in excessive amounts
and consist of less protein and a wider variety of protein,
fat, and carbohydrates than is found in wild birds, insects,
and small rodents. Cats are one of the few true carnivores
humans have attempted to domesticate. People also have
attempted to get cats to adapt to human lifestyles and preferences, which sometimes leads to a failure to recognize or
understand the perils of domestication and its effects on
feline behavior, well-being, and health. As a result, there is
increasing evidence that many of the chronic health problems of domestic cats are directly or indirectly related to
nutrition or lifestyle changes that have been imposed on
them by their owners (Table 1).8
The information reported here will provide a review of the importance of diet, feeding behaviors, and
environmental influences that may affect the health of
cats. Various associations between some chronic diseases of cats and their diet and confined environment will
be reviewed. Our objective was to help veterinarians,
cat owners, and people who love cats provide optimal
nutrition and a healthy environment for this wild carnivore that has been moved indoors.
Protein Nutrition and Metabolism
The natural diet of cats in the wild is based on
consumption of small mammals, birds, and insects (ie,
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meat- or protein-based diets). Such diets contain little
carbohydrate9–13 (Table 2).
Cats are one of the few species that are strictly carnivorous, which explains their unusual requirement for
specific nutrients, such as arachidonic acid, vitamins A
and D and many B vitamins (particularly niacin), taurine, and arginine, which cannot be endogenously synthesized in sufficient amounts to meet their needs.14,15
However, it is their unique need for large amounts of
dietary protein (specifically, dispensable nitrogen) that
separates them from noncarnivorous species.14,15 Many
of the dietary requirements for specific amino acids, fatty acids, and vitamins that have been observed in cats
are suggested to be a result of their evolutionary adaptation for food availability from animal sources.14 Several reviews14–16 of feline nutrition provide details of the
specific needs that dictate their diet composition. Although healthy animals of many species can accommodate large amounts of dietary protein, cats are particularly adapted both physiologically and metabolically for
high protein intake (diets containing 70% protein are
acceptable for cats17) as a result of the high, fixed rate of
activity of the enzymes of protein degradation and disposal (including aminotransferases and urea cycle enzymes) in cats.18,19 This unique aspect of feline enzyme
function was clearly evident in a study19 in which investigators found that the activity of some hepatic aminotransferases and urea cycle enzymes did not differ
when cats were fed diets high (54% ME) or low (14%
ME) in protein. Conversely, in noncarnivorous species,
the same changes in diet resulted in multiple-fold decreases in enzyme activity when the low-protein diets
were fed.20–22 Furthermore, this lack of enzyme adaptability to dietary protein intake in cats was found to
be most relevant in cats fed diets that were inadequate
in protein (contained less than the NRC minimum of
16% ME or < 1.6 g of protein/d).23 Thus, this lack of
Table 1—Effect of housing* on disease risk in cats.
Variable

Outdoors

Indoors

Life expectancy
Trauma and identity risk†
Perception of control (by the cat)
Risk of illness attributable to environment‡
Efforts for food acquisition

Shorter
Higher
Higher
High
High

Longer
Lower
Lower
High
Low

*Housing refers to owned cats housed only indoors or to owned
cats housed indoors that are permitted to go outdoors. †Identity risk
is defined as the risk of a cat being lost, trapped, or harmed by humans who believe that the cat is unowned. ‡It is recognized that
indoor cats permitted to go outdoors into environments with a high
cat density also may have risks similar to those of cats confined
exclusively indoors.

metabolic flexibility becomes critically important when
cats are inappetent (as a result of disease or other health
conditions, including gastrointestinal tract disturbances or hepatic lipidosis), are consuming diets containing
poor-quality protein, or are not consuming a sufficient
amount of protein in the diet to meet their needs (eg,
inadequate amounts of protein in a diet that is fed to
induce weight loss).
Protein is the primary macronutrient responsible
for maintenance of muscle mass (more specifically, indispensable amino acids and nitrogen).24–29 The preservation of muscle mass is a function of 2 processes: consumption of a sufficient amount of high-quality protein
(with adequate indispensable amino acid content) and
adequate neuromuscular activity to promote maintenance of the tissue mass.24,29 Furthermore, lean body
mass is a primary determinant of a cat’s resting energy
requirement28; thus, dietary protein intake (on an energy basis) and the amount of activity are 2 key variables
that must be considered because the loss of lean muscle
tissue is a potentially important contributor to energy
imbalances in neutered, sedentary indoor cats.
Dietary protein requirements for cats traditionally
have been based on minimum requirements for shortterm nitrogen balance (ie, the state at which nitrogen
intake equals nitrogen excretion) in the presence of adequate energy intake. For the nitrogen-balance method, subjects are fed varying amounts of protein and
the requirement is deemed to be at the level of intake
that maintains a neutral or slightly positive nitrogen
balance.14 This state can be difficult to define for cats
because there is not always a definitive plateau.14,18 In
2 studies23,30 conducted to estimate protein needs for
adult cats, investigators of both studies found that 2.5
to 2.7 g of protein/kg of BW (1.14 to 1.23 g of protein/lb
of BW) were sufficient to maintain nitrogen balance for
the short duration of those studies (approx 3 weeks). In
the longer term, the 2006 NRC publication17 indicated
that for evaluation of commercial dry, expanded diets
that have provided sustained maintenance for months
to years, none were found with < 265 g of crude protein/kg of diet (< 120.5 g of crude protein/lb of diet)
that contained 4.0 kcal ME/g. For example, an active
4-kg (8.8-lb) cat consuming 65 kcal/kg of BW/d (29.5
kcal/lb of BW/d), which was derived from the NRC recommended intake17 of 100 X (BWkg0.67), translates to 4.3
g of protein/kg of BW/d (1.95 g of protein/lb of BW/d).
However for an inactive, neutered 4-kg cat consuming
fewer calories (eg, 45 kcal/kg of BW/d [20.5 kcal/lb of
BW/d]), feeding the same diet would translate into a
protein intake of 3.0 g of protein/kg of BW/d (1.4 g of
protein/lb of BW/d). This recommended reduction in
intake is based on results of several reports31–33 in which

Table 2—Approximate body composition of cat prey species.
Prey
Sparrow
Mouse
Lizard
Cricket

Weight (g)

Water (%)

Dry matter (%)

Fat-free mass (%)*

Fat (%)*

Reference

23
16
10
0.3

65
75
72
70

35
25
28
30

35–50
43–65
63–67
45–55

20
4–18
4
20–25

9
10,11
12
13

*Dry-matter basis.
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investigators detected a significant reduction in the energy intake required to maintain moderate body condition after neutering and a meta-analysis of the energy
requirements of cats.34 Thus, the protein intake of cats
housed indoors that are consuming fewer calories in a
typical feline diet will be reduced. Maintenance of adequate long-term protein intake is difficult to assess, but
detection of a serum albumin concentration within the
reference range, preservation of lean body mass, and
maintenance of plasma amino acid concentrations have
been used for assessment. In research settings, scanning with dual-energy x-ray absorptiometry permits
accurate, repeatable assessment of muscle mass, but it
requires that an animal be anesthetized and is not universally available; thus, it is impractical for clinical use.
Unfortunately, none of these variables were reported in
the NRC for adult cats, and authors of 1 study30 concluded that dietary protein concentration and dietary
ingredients were not directly associated with plasma
amino acid or whole blood taurine concentrations.
Prolonged inadequate protein intake can result in
various abnormalities, including loss of muscle mass,
abnormal energy metabolism, reduced or poor immune
function, reduced protein availability for structural repair, and abnormal function of critical metabolic pathways, such as those for glutathione or nitric oxide.35–38
Whereas the roles of protein in preservation of muscle
mass, immune function, and structural repair are easy
to grasp, it may not be as easy to appreciate the importance of protein to other critical metabolic pathways
and oxidative processes. The problem with identification of protein deficiency is that in many cases, the effects are not immediate (except for arginine deficiency,
which can be acutely fatal for cats39) and many of the
outward effects are associated with specific deficiencies
in amino acids that result when the protein source is
inadequate, poorly digestible, or fed in quantities too
low to meet needs. The most famous example of an
amino acid deficiency in veterinary medicine is that of
cats fed taurine-deficient diets for up to 3 years before
the effects of taurine deficiency on cardiac muscle function resulted in development of cardiomyopathy.40 This
example was all the more remarkable because while it
was believed that adequate taurine was included in the
diets during the study, dietary processing, diet ingredients, and other factors resulted in the fact that the

amount of taurine actually available to the cats was inadequate. The key point is that protein deficiency, unless it is extreme or causes specific, measurable illness,
can develop insidiously.
One of the areas for which protein intake in cats
has received the most attention is in composition of diets fed to achieve weight loss. In several studies,28,41–44
investigators found a relationship between protein
intake and preservation of lean body tissue in obese
cats during weight loss (Table 3). Intakes of > 3.3 g
of protein/kg of initial BW (> 1.5 g of protein/lb of initial BW) resulted in greater reductions in fat mass (and
hence preservation of lean mass) than did lower protein
intakes. The amount of 3.3 g of protein/kg is slightly
higher than the current NRC-recommended allowances
for cats of this size (2.7 g of protein/kg of BW/d [1.23
g of protein/lb of BW/d]).17 To ensure that sufficient
protein is consumed, multiply the cat’s current BW (kg
X 3.3 [lb X 1.5]) to estimate the total protein intake
needed per day. This can be compared to the protein
in the diet by multiplying the number of grams of food
to be fed by the percentage dietary protein (which is a
minimum). Of course, these calculations are estimates
because without knowing the exact metabolic rate of
an animal (and thus the correct calculation for energy
requirement), the digestibility of a diet (protein digestibility can vary considerably in commercial diets), or
the adequacy of gastrointestinal tract function (and
thus the ability to digest and absorb nutrients properly),
it is impossible to accurately determine the needs of a
specific cat. Nevertheless, an example calculation of the
estimation of the amount of protein needed, compared
with the amount of protein available in the diet, may be
helpful. For example, a 6-kg (13.2-lb) obese cat would
need 6 X 3.3 = 20 g of protein/d. To cause a weight loss
of 20% (to a final weight of 4.8 kg [10.6 lb]), the cat
could be fed at 35 kcal/kg of target BW (15.9 kcal/lb of
target BW), which is 168 kcal/d. If the weight-loss diet
contains 3.5 kcal ME/g, this amount of energy would be
contained in approximately 50 g of food. To provide 20 g
of protein, the food would need to contain 40% protein
(50 g X 40% = 20), which is 11.4 g/100 kcal of diet.
Alternatively, a 4.5-kg (9.9-lb) cat in moderate body
condition that is housed exclusively indoors might
consume approximately 45 kcal/kg of BW/d (ie, 4.5 X
45 = 202 kcal/d). To provide 3.3 g of protein/kg of BW/d

Table 3—Effects of dietary protein content on BW and fat mass loss in cats.
			
		
BW 		
			
Protein intake
		
Cats
Age (y)* Diet
(g/kg of BW/d)†
Initial (kg) Final (kg) Change (%)‡

8 F and 8 M (Lab) 5.1 6 1.2
		
8 F and 8 M (Lab) 4–8
		
1 F and 6 M (Lab) 3.2–8.6
		
16 F (Lab)
NR
		
7 F and 5 M (CO) 6.5–13

Dry CP
Dry HP
Dry CP
Dry HP
Dry CP
Dry HP
Dry CP
Dry HP
Dry or canned

1.7
2.7
2.5
3.8
5.6
5.3
3.3
4.4
4.9–5.0

6.4
6.3
4.9
5.2
6.8
6.3
5.4
5.4
6.9

3.7
3.5
3.8
4.0
5.2
4.5
4.3
4.3
5.0

42
44
22
23
24
29
20
20
28

Body fat (%)
Initial

Final

Change‡

Reference

58
57
39
38
41
46
47
48
36

52
41
29
24
26
30
36
32
18

10
28
26
37
37
35
23
33
50

41
28
42
43
44

*Value reported is mean 6 SD or range. †To convert to g/lb of BW/d, divide by 2.2. ‡Calculated as ([initial value – final value]/initial value)
X 100.
CO = Client-owned cats in homes. CP = Control protein. F = Female. HP = High protein. Lab = Laboratory cats. M = Male. NR = Not recorded.
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(3.3 X 4.5 = 14.85 g of protein/d) would require a diet
containing at least 7.3 g of protein/100 kcal of diet. Information on macronutrient content of some commercial diets (compared on a 100-kcal basis) is availablea
for use in matching nutrient content to food intake.
Protein requirements for optimal nutrition in older
humans currently are being reevaluated in light of the
fact that protein deficiency and sarcopenia (the degenerative loss of muscle mass and strength associated
with aging) are now recognized as major problems associated with increased morbidity in aging humans.45,46
Veterinary clinicians commonly observe loss of muscle
mass in geriatric cats, although few studies have documented this problem by objective means. Aging cats
sometimes are fed diets that contain lower amounts
of protein (even in cats without kidney disease), but
conversely, these older cats are less able to digest the
protein efficiently.47,48 This was particularly evident in
a study49 in which there was an age-related decrease in
the apparent digestibility of protein (P = 0.08), fat (P =
0.025), and energy (P < 0.001) in cats that were 10 to
14 years old. That age-related decrease, in combination
with the decrease in activity that often is evident in aging animals, may combine to cause age-related reductions in muscle mass in cats that could be clinically and
physiologically relevant. There currently is a paucity of
information on the effects of dietary protein on sarcopenia in cats, protein needs in geriatric cats, and agingrelated illnesses that may be influenced by nutrition
in cats. Nevertheless, because of the use of protein for
gluconeogenesis and protein oxidation in cats, many
middle-aged and geriatric cats consuming typical diets
have been observed by clinical practitioners to develop
substantial sarcopenia. These cats presumably may also
be affected by concurrent conditions, such as lower metabolism, muscle weakness, lameness, and reduced mobility. Although the appropriate amount of protein in
diets for healthy older cats has not been studied to any
extent, data from humans have revealed that increased
amounts of protein (particularly certain amino acids,
such as leucine) in the diet help reduce the loss of
muscle.45 It is reasonable to believe that greater intake of
high-quality protein, in combination with increases in the
activity of indoor cats, may help decrease loss of muscle
mass and the potential debilitation in some middle-aged
and older cats, although it must be recognized that the
causes of sarcopenia are multifactorial and include disuse,
altered endocrine function, chronic disease, inflammation, insulin resistance, and nutritional deficiencies. As
with all general recommendations for dietary interventions, it is incumbent on practitioners to assess the situation for each specific animal and ensure that increasing
the protein intake is appropriate for that particular cat (ie,
no abnormalities in liver and kidney function and no contraindications for a higher protein intake).
Ultimately, this information should prompt reconsideration of the definition of adequate protein intake
for cats of all life stages, with a particular emphasis on
a better understanding of the specific protein needs for
cats in a broad range of living and health conditions.
This reevaluation is necessary because many cats are
not permitted to obtain supplemental food (ie, prey)
other than the diet they are fed and because humans
JAVMA, Vol 239, No. 5, September 1, 2011

have assumed the responsibility of providing optimal
nutrition for cats through control of food choices.
Intermediary Metabolism
The role of protein in maintenance of body fat and
physiologic intermediary metabolism, which may be one
of the key components of optimal nutrition in cats, has
been examined. Some metabolic effects of feeding diets higher (39% ME) or lower (24% ME) in protein to
obese (before and after weight loss) and lean laboratoryhoused cats were evaluated.41 For the lower-protein
diet, protein was replaced with carbohydrate. Neither
diet affected differences in glucose effectiveness or insulin sensitivity between the lean and obese cats, and
baseline heat production (a measure of resting energy
expenditure) was higher in lean cats fed the higherprotein–low-carbohydrate diet than in obese cats fed
either diet before or after weight loss.41 For those same
cats, effects of feeding a diet containing 28% ME on
heat production, fat, and glucose metabolism were reported for simultaneous application of the euglycemic
hyperinsulinemic clamp and indirect calorimetry.50 In
the lean cats, glucose oxidation predominated during
food deprivation, whereas lipid oxidation predominated in obese cats; glucose oxidation was significantly
lower in obese female cats than in any other group. Additionally, insulin suppressed plasma concentrations of
nonesterified fatty acids to a greater extent in obese cats
than in lean cats, which suggested greater clearance of
fatty acids in obese cats than in lean cats. In addition,
heat production per metabolic size was lower in obese
cats than in lean cats, as determined by use of indirect
calorimetry.50 Analysis of the results of these studies
suggests that the obese state, and to a certain extent
sex, modify responses of cats to the macronutrient constituents of their diets.
Obesity
Obesity is currently recognized as the number one
nutritional disorder of domestic cats and is associated
with a number of other health issues, including osteoarthritis, diabetes mellitus, and other disorders that
increase the morbidity and mortality rates of affected
cats.51 Obesity often has been attributed to excess energy intake, decreased energy expenditure, or both, but
evidence increasingly suggests that while these aspects
are important, they do not explain the entire depth or
breadth of the problem.52,53 It is clear that the decrease
in energy expenditure that often results after gonadectomy in cats,31,32,54,55 when promoted by environments
with reduced opportunities for physical activity and
mental stimulation, also may increase the risk for development of obesity. When these events are combined
with the ready availability of highly palatable, energydense diets and free-choice feeding, obesity in a large
number of indoor cats is the predictable result.
Investigators in several studies31,32,34,54,55 have found
that neutering can alter food intake and energy expenditure; however, this information apparently has not been
used to resolve the obesity epidemic in cats. Moreover,
not all neutered cats gain weight, which suggests that
factors in addition to food intake and energy expendiVet Med Today: Timely Topics in Nutrition

599

ture may mediate the final outcome. Evidence also suggests that the historical perspective on obesity as an
input-output problem may not be sufficient to explain
the biology of the problem,53 and it certainly has not
prevented a worldwide epidemic of obesity and related
disorders, such as type 2 diabetes mellitus.56 Current
models of obesity and related diseases suggest that these
disorders may result from a variety of gene-environment
interactions. Various combinations of malnutrition and
environmental stressors during gestation can promote
obesity in offspring.57 The risk appears to depend on
complex interactions between the genetic background
of the dam and her offspring, epigenetic modulation of
gene expression, and the nature of the environment into
which the offspring are born.58 Although appropriate
nutritional and environmental management may reduce
the adverse effects of some of these prenatal factors,59,60
inappropriate management (eg, free-choice feeding and
unhealthy indoor environment) may exacerbate the risk
for development of obesity. Despite the likelihood that
many variables affect domestic cats, given the challenging conditions faced during gestation by many cats, future work is needed to better understand the role of early
environmental experience on obesity.61,62
Thus, although it is impossible to point to any 1
factor when discussing the problem of obesity in cats,
it is clear that the current approach to diet and feeding management of cats is not optimal. New feeding
approaches (diet composition as well as feeding strategies) may help stop the epidemic of obesity, but such
new approaches currently are unknown. For example,
changes in postprandial hormone concentrations in response to diets differing in protein, fat, and carbohydrate content were evaluated in cats.63 Investigators in
that study63 found that obesity, rather than any diet, was
the main factor responsible for the observed changes
in hormones involved in glucose metabolism, food intake, and control of BW. In fact, the highest postprandial glucose concentrations were found in cats fed a
high-fat diet, and postprandial insulin concentrations
were highest in cats fed a high-protein diet. Whether
these findings reveal beneficial or detrimental effects
indicates the limited utility of attempting to extrapolate
a single measurement of a circulating concentration of
a metabolite. Furthermore, to address obvious difficulties in extrapolating results from laboratory-housed to
client-owned cats, novel dietary and feeding strategies
also are being explored in clinical populations. In 1
study,64 changes in both macronutrient content of the
diet and feeding strategies resulted in improvements in
weight loss, although the investigators were not able
to parse these effects. Additionally, the goal of obesity
treatment is not weight loss but maintenance of weight
loss65; thus, long-term studies are needed.
Urolithiasis
Water is an essential nutrient with numerous vital
functions in the body, but it often is not considered in
discussions of diet and nutrient requirements. Although
it has been thought that the water requirements of cats
reflected their early status as desert-dwelling animals66
that obtained most of their water requirements from
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prey and that concentrated their urine intensely to reduce water loss, an alternative explanation exists. With
regard to a classification as desert animals, some may
have confused the evolution of cats with their domestication history.67–69 On the basis of results of molecular
investigations, it has been determined that all modern
cats descended from one of several Pseudaelurus spp
that lived in Asia approximately 11 million years ago.70
Domestic cats appear to have been domesticated in the
region of the Fertile Crescent of the Middle East.71 Although some of this region is now a desert, it was quite
different 12,000 years ago. The ability of domestic cats
to concentrate their urine intensely is not unique. In
addition, it was pointed out in 1 study72 that there was
nothing special about the urine-concentrating ability of
cats; this observation was confirmed in a review73 of the
urine-concentrating ability of several species.
Cats can maintain water balance when fed dry
or canned foods,74 but they adjust their water intake
to the dry-matter content of their diet, rather than to
the moisture content of their diet. Unfortunately, the
composition of the diets fed was not reported in that
study74—an omission that affects the study’s impact;
these data are essential for interpretation of the effects
of diet on the volume of water voluntarily ingested by
cats because consumption depends on both the composition and quantity of the diet ingested. This is because
the PRSL of the diet influences the volume of water
ingested. The PRSL consists of urea (an end product
of protein metabolism) and the ions sodium, potassium, calcium, magnesium, phosphate, chloride, and
sulfate.75 For most practical purposes, PRSL (in mmol)
may be estimated as urea concentration + (2 X [sodium
concentration + potassium concentration]).76,77 The
urea concentration may be estimated by dividing the
amount of dietary nitrogen by 28 (there are 28 mg of
nitrogen/mmol urea). For adult animals in nutritional
balance, all the PRSL ingested must be excreted via the
gastrointestinal tract or urinary system. Thus, estimation of the PRSL permits a more complete interpretation of the effects of diet on water intake and excretion.
Because increasing the protein content of the diet will
increase the PRSL, diets higher in protein are naturally
associated with higher total water intake.78 Increasing
the percentage of salt in foods also is associated with
increased water intake in cats,79 and this principle has
been exploited to increase voluntary water consumption in cats that are at risk for developing urolithiasis.80
The effect of PRSL on water intake helps explain
the reason that cats consuming foods that are higher
in carbohydrate and lower in protein (characteristic of
dry foods) consume less water (both in the diet and by
drinking), compared with the water consumption for
cats eating diets containing less carbohydrate and more
protein (eg, canned foods).74,80 Thus, feeding diets that
contain a higher PRSL will increase water intake, which
may be beneficial for cats that tend to develop uroliths.
However, the assumption that increasing water intake
will increase urine volume (and thus decrease the risk
of urolith formation) is not always accurate. For example, investigators in 1 study78 reported a significant
diet-related increase in water intake but without a significant increase in urine volume in 4 female cats fed
JAVMA, Vol 239, No. 5, September 1, 2011

4 diets with increasing amounts of protein, whereas
both diet-related water intake and urine volume increased significantly in 4 male cats fed 2 diets with
increasing amounts of protein. Interestingly, this relationship was not observed in 8 (4 female and 4 male)
cats fed those 2 diets in a subsequent study.80 In addition to the issues of variability within and between
studies, most studies conducted to investigate relationships between diet and water intake have not provided
sufficient information to parse the roles of PRSL and
its individual components (eg, protein and sodium) on
relevant outcome variables.81,82
Other approaches for use in evaluating relationships between diet and urine variables have been subject to other issues. The urine composition of 85 adult
feral cats that were trapped and subsequently euthanized was evaluated in 1 study.83 Investigators of that
study83 reported that the range of urine pH was 5.73 to
7.39 (mean, 6.10) in male cats, which was significantly higher than the range of 5.54 to 6.57 (mean, 5.80)
found in female cats, and that specific gravity ranged
from 1.016 to 1.065 (mean, 1.048 in males and 1.045
in females). Unfortunately, results of evaluation of gastrointestinal contents were not reported, so effects of
diet composition and timing of food intake relative to
sample collection could not be determined. Moreover,
because the metabolic response to stressors increases
urine pH,81 the effect of trapping on the resulting data
confound the interpretation of those results. Nevertheless, stress-induced increases in urine pH notwithstanding, the mean urine pH of these cats (which were
presumably consuming a diet of wild prey) was substantially acidic, as would be expected from consumption of a high-protein–low-carbohydrate diet.
Because of the concern related to diet-induced
struvite urolithiasis, pet food manufacturers have added urinary acidifiers (eg, ammonium chloride, methionine, or calcium chloride) to counteract the typically
positive cation-anion balance (as determined by concentrations of the cations calcium, magnesium, sodium, and potassium and the anions phosphorus, methionine, cysteine, cystine, and chloride) of their diets.80,82
Increasing dietary protein intake also influences urine
pH of cats, depending on the amino acid content of the
diet. In 1 study,80 2 experiments were conducted to investigate the effects of dietary protein, sodium chloride,
and ammonium chloride on urine pH and struviterelated variables in healthy cats. In the first experiment,
urine pH was significantly lower in cats fed a 55% protein diet than in cats fed a 29% protein diet (mean ± SD
urine pH, 6.63 ± 0.11 and 7.25 ± 0.18, respectively),
whereas no differences in food intake, water intake, or
urine volume were detected.80 In contrast in the second
experiment, addition of 1.5% ammonium chloride to
the 29% protein diet resulted in a mean urine pH of
6.13 ± 0.08, whereas addition of sodium chloride did
not affect urine pH. Curiously, food intake of the diets
in the second experiment were approximately half that
reported for the first experiment. These experiments
revealed that consumption of high-protein diets and
diets containing ammonium chloride urinary acidifiers
resulted in significant reductions in urine pH and that
the magnitude of the effect was greater for ammonium
JAVMA, Vol 239, No. 5, September 1, 2011

chloride. Unfortunately, effects on systemic acid-base
balance were not reported; excessive acidification of diets may result in chronic metabolic acidosis in cats that
consume such diets.84–86
Inflammatory Bowel Disease
In addition to effects on energy metabolism, muscle mass, water intake, and acidification of the urine,
protein intake also appears to play an important role
in gastrointestinal tract disease. Development of gastrointestinal disease in cats attributable to food intolerance or food allergy has been reported, and dietary
protein appears to be a common culprit.87,88 However,
the situation appears to be far more complex. For example, analysis of evidence suggests that inflammatory
bowel disease, which is one of the most common causes
of chronic vomiting and diarrhea in cats, results from
an immune-mediated disorder initiated by alterations
in the intestinal microbiota.87–90 Furthermore, evidence
from studies89–93 of the intestinal microbiota of cats has
identified a significant influence of diet (specific nutrients) on the number and species of bacteria present in
the gastrointestinal tract and that these are altered in
inflammatory bowel disease. Unfortunately, inadequate
evidence currently prevents formation of conclusions
about the specific effects of protein or carbohydrate on
the intestinal microbiota or the component or components of the diet that might be beneficial in maintenance
of the normal flora. Whereas it has been suggested that
routine feeding of commercially available dry diets with
moderate amounts of protein and moderate to high
amounts of carbohydrate to cats may be associated
with promotion of a less-than-ideal microbiota in the
feline gastrointestinal tract, it has also been suggested
that canning may result in an increase and a qualitative
difference in the immunogenicity for certain proteins,
compared with those of unprocessed proteins. Investigators also concluded that canned diets may not be
ideal for management of cats with enteritis.94 However,
a study95 conducted to compare the effectiveness of a
canned high-protein, highly digestible diet with that of
a canned moderate-protein, high-carbohydrate, highly
digestible diet for reduction of nonspecific diarrhea in
adult cats revealed that the cats fed the high-protein,
highly digestible diet had a significantly better response
than did cats fed the moderate-protein, high-carbohydrate, highly digestible diet (reduction in episodes of
nonspecific diarrhea of 65% and 28%, respectively).
However, because the diets differed in more than just
their protein and carbohydrate concentration, it is possible that other dietary effects were responsible for the
differences in response.
These aforementioned studies may be confounded
by differences in nutrient digestibility. Simple improvement of the nutrient digestibility of a diet can decrease
or even resolve diarrhea in a large number of cats with
chronic diarrhea.87,88 Clearly, additional research is
needed in this area, but the digestibility of the nutrients (and particularly protein and carbohydrate) in the
diet may be a key issue because undigested foods can
become nutrients for pathogenic bacteria in the gastrointestinal tract as well as serving as antigens.
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Moreover, the role of the environment does not
appear to have been considered in studies of dietgastrointestinal interactions in cats, although there is
evidence that there are environmental influences on the
gastrointestinal tract96,97 and that gastrointestinal conditions are responsive to environmental enrichment.98
Human gastroenterologists have recognized the complexity of these interactions in patients with irritable
bowel syndrome and inflammatory bowel disease,99
and the current unifying model includes a background
of genetic and epigenetic variables triggered by altered
bacterial flora associated with life stressors that results
in immune dysfunction and mucosal inflammation of
variable severity, which is further exacerbated by environmental distress.100 It is easy to imagine that typically
benign dietary proteins may become antigens that exacerbate these underlying abnormalities, which suggests
that in addition to dietary treatment,101 environmental
enrichment may offer beneficial adjunctive effects for
some cats with gastrointestinal disease, similar to the
beneficial effect for some humans.102
Diabetes Mellitus
The incidence of type 2 diabetes mellitus in domestic cats appears to be rapidly increasing, and this increase reflects the increase in obesity as well as the popularity of cats as pets.103 Similar to many other chronic
diseases, diabetes mellitus in cats is a complex problem
that is likely the result of a variety of interacting genetic, environmental, and nutritional factors.103 However,
because diabetes mellitus in cats is a disease of insulin resistance and loss of beta cell function, nutritional
treatment plays an important role in the overall management of the disease. However, the exact role remains
a matter of some controversy. Control of type 2 diabetes
mellitus in cats via diets containing moderate to high
amounts of carbohydrate and added dietary fiber104,105
and via high-protein–low-carbohydrate diets106–109 has
been reported. Results of studies of healthy, laboratory-housed cats are conflicting. For example, investigators in 1 study110 compared 3 commercial diets fed to
5 healthy adult domestic cats (2 males and 3 females);
they found that the diet containing the most protein
reduced glucose concentrations and increased insulin
concentrations to a greater extent than did the other 2
diets. In contrast, investigators in another study111 compared 3 homemade diets fed to 9 healthy adult domestic cats (4 males and 5 females); they reported that in
contrast to other studies in which energy sources were
increased instead of being reduced, their results contradicted the often-suggested negative impact of carbohydrates on insulin sensitivity in carnivores and indicated
that reducing the dietary carbohydrate content below
amounts commonly found in commercial foods evoked
an insulin-resistant state, which can be explained by
the strictly carnivorous nature of cats. Results for that
study111 even pointed to a negative effect of protein on
insulin sensitivity, a finding that corresponded with the
highly gluconeogenic nature of amino acids in animals
that are strictly carnivorous. The many differences between these 2 studies, including the number of cats,
type of diet, form of diet, and food intake, all complicate interpretation of the results. Additionally, the rel602
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evance of short-term studies in healthy, normal-weight,
laboratory-housed cats to long-term clinical management of diabetic cats is not obvious.
The environment also appears to play a role in type
2 diabetes mellitus in cats.112 For example, in 1 study,112
indoor housing, but not diet, was found to be a significant risk factor for the development of type 2 diabetes
mellitus. The sensitivity of changes in circulating glucose concentrations to environmental circumstances in
cats has long been recognized. Early in the 20th century,
investigators in 1 study113 found that cats that appeared
to be frightened or enraged during restraint developed
glycosuria more quickly than did those that appeared
to be calm. Veterinarians have observed the effects of
housing on glucose tolerance curves and remission of
the hyperglycemic state in cats with type 2 diabetes
mellitus. Despite these observations, the role, if any, of
environmental enrichment on resolution of type 2 diabetes mellitus does not appear to have been examined
in cats. In contrast, addition of nutritional education
or cognitive-behavioral treatment to a prescriptive diet
intervention led to significantly better outcomes than
did the use of diet alone in humans with type 2 diabetes
mellitus.114
Feeding Behavior, Food Preferences,
and Finicky Eaters
Food and taste preferences are learned behaviors
that are acquired at an early age.1 Food preferences of
cats form early and are based possibly on genetic and
probably on early experiences with maternal foods.115,116
Initial preferences are determined by 6 to 8 weeks after birth. In addition to taste preferences, cats develop
preferences for foods on the basis of shape, mouth feel,
and other physical characteristics.116,117 As kittens grow,
they become more (or less) interested in a variety of
foods as a result of additional learning opportunities,
and providing a variety of diets to kittens after weaning
and into adulthood results in expanded food preferences that will likely be important later in life when dietary
changes for therapeutic purposes may be warranted.118
Many cats display a growing aversion toward foods
that have formed a large part of their diet in the past (ie,
a monotony effect117), although taste and texture preferences seem particularly difficult to change in some
cats. This behavior has been interpreted as finicky eating, and it is doubtful that it results from an evolutionarily conserved vigilance against potentially harmful
foods. In a study8 conducted by one of the authors, cats
had decreased food intake in response to environmental
challenges (a behavior likely to be interpreted as finicky eating by owners), but the intake resumed with
removal of the challenge condition. This suggests that
external as well as internal influences may modify food
intake in confined cats.
Cats, similar to other species, also are sensitive to
hedonic aspects associated with their food: odor (or aroma), form (shape), texture (dry vs canned or soft-moist),
and palatability.115–117 Food odor is one of the major criteria for food selection, so a decrease in the ability to smell
or breathe through the nose and perceive odors can result in food avoidance or anorexia. Learned preferences
for food shape and texture also affect food choices. There
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also appear to be breed preferences based on mouth size
because trials with Persians identified preferences that
differed from those identified for domestic shorthair
cats.115 Thus, providing a variety of foods, types, textures, and forms throughout life in cats is necessary to
maintain their dietary flexibility.
An important aspect of the well-being of confined
animals appears to be the perception of control over
one’s environment.119 Because of the centrality of food
to the lives of confined animals, consideration of the
forms of food and feeding practices may be more important than generally considered. Whereas numerous
forms (canned or dry) and flavors of food and feeding
methods (meal feeding or free choice) can clearly meet
the nutritional needs of cats, consideration of a cat’s
preferences, which may have been formed by experiences prior to the cat coming into the care of the current owner, may influence the cat’s well-being. For this
reason, owners can determine diet preferences by offering foods of various forms and flavors in a side-by-side
manner so that the cat can express its preferences. Such
preference testing also can be extended to preferred
feeding locations (generally quiet areas where the cat
will not be disturbed by other animals or other interruptions). Alternative feeding practices, such as putting
food in a puzzle-type device or hiding it in different
locations, encourage the cat to more actively pursue
its food. In addition to the increased muscular activity,
the effects on neurocognitive function may enhance the
cat’s well-being.8
Feeding Guidelines
Obesity is the most common nutritional and endocrine disorder in cats in the United States, with a
reported incidence of 25% to 40%, depending on the
study type and sources.120 There are a large number
of factors that contribute to BW, including neuter status, sex, age, quality of environment, activity (indoors
vs outdoors), and feeding style (meal feeding vs free
choice). Neutered cats, both male and female, generally
need substantially fewer (eg, 25% to 30%) calories to
maintain an ideal body condition score than do sexually intact cats; this fact has been proven repeatedly in
several studies31,32,54,55 conducted to evaluate the effect
of neutering on food intake, body fat mass, weight gain,
and metabolism. In 1 study31 of ovariohysterectomized
cats that were allowed free access to a dry food, investigators found that fat mass increased from 18% to 33%
in just 4 months—a staggering increase in body fat. Effective feeding recommendations for a wide range of
cats are clearly needed, but current maintenance energy
equations may underestimate or overestimate the needs
of individual cats by > 50%, and recommendations on
labels of food containers often are quite wide, and many
are based on the needs of young, sexually intact, active
animals. On the basis of current NRC-recommended
equations, a 4.5-kg lean adult cat should consume approximately 274 kcal/d (100 X 4.50.67); the recommendation for a 4.5-kg obese adult cat would be reduced
to approximately 240 kcal/d (130 X 4.50.4).17 However,
based on recent studies, 31,b female cats in laboratory
housing require only 60 to 70 kcals X (BW)0.67 to mainJAVMA, Vol 239, No. 5, September 1, 2011

tain a body condition score of 5 of 9 after neutering (for
a 4.5-kcal cat, 60 to 70 X 4.50.67 = 165 to 190 kcal/d).
Further studies are needed in male cats to determine
their ideal energy intake because evidence suggests that
they may need even fewer calories to maintain a moderate body condition. However, a meta-analysis34 of energy requirements in adult cats provides clear indications
that the currently recommended maintenance energy
calculations for most typical-sized (4 to 5 kg [8.8 to
11.0 lb]) neutered indoor cats should be reduced from
63 kcal/kg/d (28.6 kcal/lb/d), which was based on 100
X (BW0.67), to 45 to 55 kcal/kg/d (20.5 to 25 kcal/lb/d),
with the lower number used for neutered males and
the higher number used for neutered females. In addition to this recommended reduction in energy intake,
it is highly preferable to condition cats to meal feeding,
rather than to allow free-choice access to food. Some
active, thin cats are able to effectively self-regulate their
food intake; thus, free-choice feeding does not result in
obesity; however, this method is still not recommended
because owners are less able to observe whether a cat is
eating smaller amounts of food or not eating (the best
early indicator of ill health in many cats) when there
are multiple cats in the household. Finally, it must be
remembered that any recommended feeding amount is
only a population-based estimate and suitable only as a
starting point. Because of the many variables that influence BW, the changing long-term needs of any particular cat can only be determined by feeding it to maintain
a moderate body condition score.
Although a simple change in diet may not solve all
of the problems of our feline patients, it is reasonable
to believe that their lives are influenced by the foods
humans feed them in a variety of ways. History has indicated this to be true with respect to the many positive
advances through appropriate nutritional management
of many diseases. Although all may not agree on the
mechanism, few question that nutrition and environment have been associated with the development of
obesity and likely play some role in such complex diseases as lower urinary tract disease, inflammatory bowel disease, and type 2 diabetes mellitus in cats.
Good evidence exists that genetic,121 epigenetic,122
and early experiences123 modify animal physiology and
affect pets’ perceptions of the environment and behavior, which can in turn influence their health and wellbeing. From this systems perspective, it is easy to understand the difficulty of identifying a single factor that
mediates such complex outcomes as health and disease.
Despite the number of potential factors, both laboratory and clinical studies124, 125 in cats with 1 chronic
disease syndrome (ie, idiopathic cystitis) have found
that environmental improvement was associated with
significant improvement in signs of lower urinary tract
disease and other concurrent disorders.
The relative importance of diet, in relation to that
of other environmental influences, on health and disease for cats has not yet been extensively studied. However, evidence suggests that these environmental factors may be as important or more important than diet.
Additionally, in the aforementioned studies124,125 of cats
with idiopathic cystitis, the improvements in health of
the cats were independent of diet change. Because of
Vet Med Today: Timely Topics in Nutrition

603

the complexity of these relationships, numerous additional studies must be conducted before the relative
magnitude of these factors can be defined with confidence. However, analysis of the available data suggests
that although meeting nutritional needs is necessary
for maintenance of the health and well-being of cats,
it alone is not sufficient to assure a healthy existence.
This perspective requires researchers and clinicians to
take a broader view to provide the best solution possible for this carnivore we have moved indoors.
a.
b.

Diet search, The Ohio State University College of Veterinary
Medicine, Columbus, Ohio. Available at: www.vet.ohio-state.
edu/1442.htm. Accessed Jan 10, 2011.
Bauer JE, Comparative Animal Nutrition Research Laboratory,
Department of Small Animal Clinical Sciences, College of Veterinary Medicine and Biomedical Sciences, Texas A&M University, College Station, Tex: Personal communication, 2011.
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