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Nitrogen, amino acids, fatty acids, vitamins and minerals are all essential nutrients for the dog and cat.  However, once the 
concentrations of the essential nutrients are met, energy is often still required.  Additional energy may come from one of 
three dietary macronutrients, protein, fat or carbohydrates.  Protein supplied in amounts that exceed requirements will be 
used for energy and fat will be stored and used as energy.  Carbohydrates are often included as an energy source that will 
spare protein to some extent.  They can also help with the technological aspects of food formulation and production.  
However the role of carbohydrates has come under intense scrutiny in recent years, particularly in the cat, an animal 
considered to be a strict carnivore.   
 
WHAT ARE DIETARY CARBOHYDRATES? 
 
Dietary carbohydrates include low and high molecular weight sugars, starches, and various cell wall and storage non-starch 
polysaccharides or dietary fibers.1,2  The National Research Council (NRC) separates carbohydrates into four functional 
groups based on their degree of polymerization and digestibility.2  The four categories are absorbable (monosaccharides 
such as glucose and fructose), digestible (disaccharides such as lactose, sucrose, some oligosaccharides, and nonstructural 
polysaccharides starches), fermentable (lactose, some oligosaccharides, dietary fiber and resistant starch), and non-
fermentable (certain dietary fibers).  This proceeding will focus primarily on the absorbable and digestible carbohydrates, 
rather than the latter two categories, as these are the focus of the current controversy.  However, fermentable and non-
fermentable carbohydrates will be mentioned when indicated to underscore discussion of the former two. 
 
The guaranteed analysis on the pet food label in the United States requires that the minimum concentrations for crude 
protein and fat, as well as maximum concentrations for moisture and crude fiber be reported.3  The digestible carbohydrate 
content of the diet (nitrogen-free extract) is calculated by difference (100-crude protein + crude fat + crude fiber + moisture + 
ash).  Given that the minimum and maximum values are not generally reflective of the actual macronutrient distribution of 
the diet, this calculation is an estimate at best.  Furthermore, crude fiber only reflects a portion of the total dietary fiber and 
does not include soluble fiber; thereby compounding any calculated estimates of digestible carbohydrate, and energy 
content of a diet.4,5 

 
DOES THE CAT HAVE A DIETARY CARBOHYDRATE REQUIREMENT? 
 
Carbohydrate provides energy and glucose, which is metabolically essential, and can be either obtained by dietary 
carbohydrate or synthesized in the body from amino acids or glycerol through gluconeogenesis.6 Glucose is an energy 
source for cells and a precursor for many important biological substances. The NRC does not suggest a minimal 
requirement (MR) or recommended allowance (RA) for this macronutrient. Nor are there any recommendations or guidelines 
from two major feed organizations, the Association of American Feed Control Officials and The European Pet Food Industry 
Federation.3,7 Several veterinary organizations have categorized diets based on carbohydrate content. The American Animal 
Hospital Association (AAHA) Diabetes Management Guidelines provide medical and nutritional management 
recommendations that include limiting carbohydrate intake.60 Carbohydrate concentrations in diets are defined as ‘ultralow’ if 
the diet provides less than 5% carbohydrate on a metabolizable energy (ME) basis and ‘low’ if the diet provides 5-25% 
carbohydrate on a ME basis. The American College of Veterinary Internal Medicine (ACVIM) organized a work-group 
several years ago to develop a consensus statement on the topic of carbohydrate intake in cats; at the time of this writing 
this statement is still in process. Carbohydrate content in commercial diets in the United States ranges from approximately 
0% (some canned and raw diets) to 45-50% of the ME (informal market survey, Fascetti). 
 
Cats lack salivary amylase and have lower amounts of pancreatic amylase compared to dogs.8,9  Regardless, they can 
digest starch well, especially when processed and cooked.10,11 One study reported that there is no adaptation to varying 
concentrations of dietary carbohydrate intake with respect to the intestinal transport of sugar to enterocytes in cats.12  
Vomiting and diarrhea has been reported in cats fed high amounts of sugar and starch,13,14 however not all studies report 
similar findings.8,15,16 These observations may be driven, in part, based on differences in the basal diets used in these 
studies, as different studies used plant15 or meat-based diets.17 However, these findings have lead some to conclude that 
the cat cannot cope with high concentrations of dietary carbohydrates.18 

 
Cats have low glucokinase activity in their liver, an enzyme that has a low binding affinity (high Km) for glucose.19,20  They 
instead have hexokinase, an enzyme that is present in multiple tissues and has a high binding affinity (low Km) for glucose.  
It phosphorylates glucose even at low concentrations and results in an overall slower rate of glucose utilization.  Hexokinase 
is inhibited by glucose-6-phosphate, thereby limiting uptake of glucose in the liver.  This may contribute to urinary losses of 
monosaccharides when consumed at high concentrations.15 Practically this is not a problem, as simple sugars are not 
routinely used in commercial diets.  
 
It has been hypothesized that these idiosyncracies in carbohydrate metabolism are the result of a teleological adaptation to 
eating a prey-based diet that is inherently low in carbohydrates.21 However, cats can digest, absorb and use carbohydrates 
in the amounts commonly contained in commercial feline foods, particularly if they are cooked.8,13  Cats typically consume 



multiple, small meals throughout the day, a pattern that favors a reduced, but regular intake of carbohydrates and may 
compliment their enzyme physiology.22 

 
While not providing a MR or RA due to an absence of data, the NRC does suggest safe upper limits (SUL) for several 
carbohydrates in cats.2  A range of 50-150 g/kg diet (DM, dry matter) has been recommended for glucose and sucrose;15,17 
50 mg/kg diet (DM) for lactose,15,17 and 250 mg/kg diet for cooked corn starch.17  There are also recommended SULs for 
fructooligosaccarides, 7.5 mg/kg diet (DM)23; cellulose, 100 mg/kg diet (DM)24; wheat bran, 100 mg/kg (DM)25 and fiber 
blends, 80 mg/kg (DM).24      
 
WHAT IS THE NATURAL DIET OF THE CAT AND WHAT DOES IT TELL US ABOUT FELINE CARBOHYDRATE 
INTAKE? 
 
A recent report summarized data from 27 studies providing body composition information from a variety of species (primarily 
mammals and birds) consumed by feral domestic cats.26 Most of the data came from wild-caught prey.  Since this was a 
meta-analysis, there was tremendous variation in methodologies between the studies and how data were reported.   They 
estimated that the average caloric distribution of the prey species was 52% protein, 46% fat and 2% carbohydrate on a 
metabolizable energy basis (ME).  A second study, focusing on feline prey species in Northern California, reported that wild 
caught animals were usually leaner and had a higher mineral content.27 This study reported the estimated average caloric 
distribution to be 63% protein, 25% fat and 12% carbohydrate on a ME basis.  The discrepancies between these two studies 
likely reflect both the use of different physiological fuel values for crude fat and the leaner animals analyzed in the latter 
report. 
 
These two studies have been used to underscore the findings of recent work evaluating the macronutrient preferences of the 
cat.  Hewson-Hughes et al.28 evaluated the preferences of cats for various combinations of different foods using the same 
ingredients and textures with macronutrient content as the only variable.  The cats in this study chose a diet providing a 
caloric distribution of 52% protein, 36% fat and 12% carbohydrate on a ME basis.  The authors did not report any concerns 
or complications with carbohydrate digestion in their study, but regardless went as far as to suggest there is a ‘carbohydrate 
ceiling’ of 70 kcal/day that a cat will not willingly exceed.  This suggests that when a diet contains a high concentration of 
carbohydrate, cats may only have a marginal intake of energy and protein.  They justify this hypothesis based on the cat’s 
limited ability to digest and metabolize carbohydrates.  
 
Taken together, these three studies support the idea that the natural diet of the cat is low in carbohydrates and high in 
protein.  However, it is important to note that preference studies can be complicated by other confounding factors such as 
texture, ingredient choice and processing method.  Furthermore, there is no evidence that feral cats live longer, healthier 
lives or that one macronutrient profile is optimal.  
 
WHAT ARE THE CONSEQUENCES OF CARBOHYDRATE CONSUMPTION IN CATS CONSUMING COMMERCIAL 
DIETS?  
 
There has been a trend recently amongst some veterinarians, animal professionals and pet owners to malign carbohydrates 
as an unhealthful food source for dogs and cats.  As an obligate carnivore, much of the focus and controversy has centered 
on the cat.  The basis for the argument is that since starch and related carbohydrates were not part of the cat’s natural diet, 
it is unhealthy for such products to be consumed.  The simultaneous increase in the use of carbohydrates in many 
commercial pet foods and the increasing rates of obesity and diabetes mellitus in cats is frequently cited as evidence for this 
theory.  However, the totality of scientific evidence summarized below counters these claims.   
 
Glucose is one of the most important secretagogues of insulin in healthy subjects.  The composition and quantity of 
carbohydrates in foods for the management of diabetes mellitus in dogs and cats is controversial.  In humans, a diet that 
minimizes the glycemic response is desirable because this provides better control of blood glucose and its associated 
complications.  The term “glycemic index” refers to a ranking system for food based on its effects on blood glucose levels.  
In general, complex carbohydrates have a lower glycemic index (such as barley) than simple carbohydrates (such as 
potatoes) because they are more slowly digested and absorbed. Existing data in cats is still inconclusive regarding the effect 
of starch consumption on insulin and post-prandial glucose response as large variation is reported.29     A recent study 
examined six different starch sources (cassava flour, brewers rice, corn, sorghum, peas or lentils) in extruded feline diets.10  
When compared to the other five starch sources, only corn stimulated an increase in the glucose response at 4 and 10 
hours following a meal.  Plasma insulin concentrations increased not only when the cats were fed the diet containing corn, 
but also those containing sorghum, peas and brewers rice.  The authors concluded, that similar to previous studies30,31, 
dietary starch intake has little impact on glucose and insulin response in the cat.  In one of these studies, high intake of 
glucose (up to 40% of DM) did not result in average plasma concentrations greater than 100 mg/dL.31 The authors base their 
conclusions on the cat’s metabolic preference for amino acids for energy and reduced enzymatic ability to metabolize dietary 
starch that slow and prolong digestion and absorption.8,13 They underscore their conclusions based on studies reporting 
prolonged oral or intravenous glucose elimination times in cats compared to dogs or humans.29,30,31,32  
 
Additional, recent studies support these conclusions.  Feeding starch concentrations at approximately 35% DM resulted in 
maximum glucose concentrations within the normal range several hours post food consumption.33 In another study, both 
healthy obese and lean cats demonstrated little variation in blood glucose concentrations when fed a diet containing 
carbohydrate at 47% of the DM under normal daily conditions.34 

 
Do dietary carbohydrates cause obesity? 
 



The association between obesity in cats and the development of diabetes mellitus has been well documented.35,36,37,38,39 
Given the high prevalence of obesity in the pet feline population and the link between obesity and diabetes in the cat, focus 
naturally turned to what dietary factors may predispose cats to obesity. 
 
Due in part, to epidemiologic reports, it has been proposed that ‘premium’, high fat dry foods may cause obesity in cats, 
launching the hypothesis that the high carbohydrate content of these diets may be driving weight gain.36,40 Many have 
challenged that the high carbohydrate content of dry cat foods may be the cause of feline obesity based on several points.  
The term ‘premium’ has no legal definition so varying opinions on what constitutes a premium diet exist amongst 
researchers and nutritionists. Other macronutrient characteristics of these diets may play a role in the development of 
obesity and should have been considered.  Furthermore, the initial studies supporting this hypothesis were retrospective in 
nature and did not quantify other meaningful variables such as food intake.  
 
Epidemiological studies report that feline obesity is associated with high fat foods and not high carbohydrate foods.36,41 In 
fact there are some studies that suggest that high carbohydrate, low fat diets have an obesity-protective effect.42,43 
Exchanging dietary carbohydrate for protein may be helpful for weight loss and managing diabetes in some cats44; however, 
a similar macronutrient exchange does not appear to prevent weight gain in post-ovariohysterectomized cats.44,45 

 

Additional retrospective and prospective studies have emerged to challenge this initial hypothesis.  In one study, colony cats 
were fed semi-purified diets ad libitum for 13 weeks before and 17 weeks following gonadectomy. Only cats consuming the 
highest fat dietary treatment gained weight prior to gonadectomy. All cats gained weight post-castration, but the magnitude 
of weight gain was positively correlated to fat inclusion in the diet.43 Another study reported that feeding a moderate 
carbohydrate diet (23% ME) or a higher carbohydrate diet (51% ME), both with equal concentrations of dietary fat, resulted 
in weight gain when fed ad libitum for 8 weeks.14 Finally, a recently published prospective survey study from New Zealand 
specifically tested the hypothesis that an increase in feeding energy dense, premium diets to cats was associated with a 
change in the prevalence of obesity in that population since it was last surveyed 15 years before.40 Despite an increased 
proportion of owners feeding dry food daily since the last survey, the lack of association with dry food feeding and the 
absence of an increase in obesity over the study period did not support the hypothesis that energy dense dry food feeding 
increases the risk of feline obesity in New Zealand. Together, these results suggest that high carbohydrate diets are not 
associated with weight gain and obesity in cats, but that other factors (such as energy density (high fat), and feeding 
method) may play a more important role. 
 
Do dietary carbohydrates cause diabetes mellitus? 
 
Insufficient insulin secretion and impaired insulin sensitivity are the major abnormalities of feline diabetes.44 The “Carnivore 
Connection” paradigm hypothesizes that these abnormalities are the result of long-term feeding of dietary carbohydrates.46 
While it is true that experimentally induced hyperglycemia is detrimental to feline beta-pancreatic cells, the same is true in 
omnivores.10,47 Furthermore, the amount of carbohydrates present in commercial diets has not been shown to induce 
hyperglycemia.44 Three recent population studies further refute the hypothesis that feeding dry-type extruded diets long-term 
are the cause of diabetes in cats.48,49,50 

 
Several studies feeding carbohydrate concentrations ranging from 32-51% of the calories (ME) can raise glucose and insulin 
concentrations in healthy cats.14,51,52  A recent study reported that a high carbohydrate diet (compared to high protein or fat) 
increased the glucose response but not the insulin response.53  Another study reported that a high fat diet (compared to a 
high carbohydrate diet) resulted in reduced clearance of glucose.54 

 
A recent review concludes that existing evidence does not support that carbohydrate consumption is a risk factor for 
developing diabetes in cats.6 

 
Are dietary carbohydrates (including dietary fiber) helpful in managing diabetes mellitus in cats? 
 
When it comes to using dietary carbohydrates to manage diabetes mellitus in cats, there are essentially two approaches; 
fiber-enhanced diets and low carbohydrate diets. Diets reduced in carbohydrates have received more attention recently from 
a clinical and research perspective, but studies suggest we should not be ignoring the former approach because the latter is 
receiving more press.   
 
The amount and type of dietary fiber has been the subject of extensive investigation in the management of diabetic patients.  
For the purposes of this section, dietary fiber will be classified into two broad categories, insoluble and soluble fiber.  Soluble 
fibers (pectins, gums, mucilages, FOS and some hemicelluloses) have a high water-holding capacity, delay gastric 
emptying, slow the rate of nutrient absorption across the intestinal surface and are highly fermentable by intestinal bacteria.  
Insoluble fibers (cellulose, lignin and most hemicelluloses) have less initial water-holding capacity, decrease gastrointestinal 
transit time and are less efficiently fermented by gastrointestinal bacteria.  Fiber is proposed to promote slowed digestion 
and absorption of dietary carbohydrate, reducing insulin peaks after meals.  Soluble fibers are also believed to form gels in 
aqueous solutions, thereby binding glucose and water and preventing their transfer to the absorptive surface of the intestine.   
 
There are currently few studies evaluating the effects of dietary fiber on naturally occurring diabetes in cats.55  Cats in this 
randomized cross-over study were fed either a diet containing 12% cellulose (insoluble fiber, DM) (19% of total dietary fiber) 
or low insoluble fiber (4.1% total dietary fiber) for 24 weeks. Mean pre-prandial glucose concentrations, most post-prandial 
glucose concentrations and 12-hour mean glucose concentrations were significantly lower in the cats eating the high fiber 
diet.  The carbohydrate content was higher in the low fiber diet.  The authors do not rule out the possibility that the higher 
corn starch content in the low fiber diet may have impacted glycemic control in the cats in this study.   



 
A more recent study looked at the effects of a low carbohydrate/low fiber diet compared to a moderate carbohydrate/high 
fiber diet in cats with diabetes mellitus.56 Sixty-eight percent of the cats consuming the low carbohydrate/low fiber diet and 
41% of the cats eating the moderate carbohydrate/high fiber diet were able to discontinue insulin and reverted to a non-
diabetic state during the sixteen-week trial.  While these findings suggest that cats are more likely to not need insulin and 
have their diabetes resolve when consuming a low carbohydrate/low fiber diet perhaps it was not only the amount of 
carbohydrate and fiber that was responsible for this finding but also the type of digestible carbohydrate.  The low 
carbohydrate/low fiber diet contained soybean meal and corn gluten meal whereas the moderate carbohydrate/high fiber 
diet contained ground corn.  Corn gluten meal is a high protein product of corn with most of the soluble carbohydrates 
extracted and therefore will have a lower glycemic index compared to whole ground corn.  Soybean meal has a low glycemic 
index as well. The use of carbohydrates with a lower glycemic index in the low carbohydrate/low fiber diet may have 
influenced the overall findings of the study. 
 
Recent investigations into obesity and the pathogenesis of diabetes mellitus in cats have lead to the hypothesis that feline 
diabetics might have improved glycemic control, or in some cases even revert to a non-diabetic state when dietary 
carbohydrate is restricted.  One study in healthy cats demonstrated that lower post-prandial glucose concentrations were 
measured in cats consuming 46% of their calories from protein compared to the same amount provided by fat or 
carbohydrates.51  Caloric intake was not determined in these cats, nor were differences in the composition of the diets 
addressed.   
 
There have been four clinical trials in diabetic cats investigating the potential benefits of feeding low carbohydrate, high 
protein diets.  The first study only evaluated 18 cats fed a high protein diet and a hypoglycemic agent, acarbose.57 Cats were 
classified as responders (insulin discontinued) and non-responders (continued to require insulin or glipizide). Eleven of 
eighteen cats were discontinued from insulin by the end of the 4 month study.  Overall, responders lost weight during the 
study and non-responders had significantly less body fat than cats that did respond. Both responders and non-responders 
had similar decreases in serum glucose and fructosamine concentrations.   
 
A second paper (discussed in more detail above) compared cats fed either a moderate carbohydrate/high fiber diet (Hill’s 
feline w/d) or a low carbohydrate/low fiber diet (Hill’s feline p/d) for 4 months.56  More cats fed the low carbohydrate diet 
(12/13) had reduced fructosamine and glucose concentrations compared to the cats (3/9) eating the high fiber diet.  
However, the cats consuming the high protein, low carbohydrate diet lost weight during the study.  Food intake data was not 
collected, so it is difficult to determine if they were not meeting their caloric requirements, or were losing weight because 
they were taken off insulin or their insulin dosages were reduced.  As mentioned above, the use of carbohydrates with a 
lower glycemic index in the low carbohydrate/low fiber diet may have influenced the overall findings of the study. 
 
The third, clinical trial examined the use of a high protein canned diet in 9 cats for 3 months (Purina D/M).58 All of the cats 
were initially adapted to a high-fiber, moderate fat canned diet (Hill’s w/d) for a standardization period of one month prior to 
the study.  The cats remained stable on the high protein canned diet and most owners thought their cats were slightly more 
active.  In 3 cats, insulin was discontinued all together, although serum fructosamine concentrations increased in these cats.  
There was no diet effect on serum glucose concentrations.  There were a small number of cats in this study, and it was 
unknown what type of diabetes the cats had.  Furthermore, the study was conducted for only 3 months, with no follow up on 
the cats.   
 
A fourth study found no difference in improvement rates between the groups of cats fed lower carbohydrate diets and those 
fed maintenance diets.59 It is interesting to note that this study also reported a median body weight gain in both diet groups. 
 
It is difficult to discern from the above research what nutrient modifications are having a positive impact. Most published 
studies are testing products, not particular nutrients.  There appears to be some clear evidence that supplementation with 
insoluble fiber helps to reduce the glycemic response and assists in managing diabetic cats.  However is this effect from the 
fiber or the caloric dilution that occurs secondary to the addition of the fiber?  Alternatively, could it be related to the amount 
of soluble carbohydrate in the diet?    
 
The results of carbohydrate restriction or protein augmentation are less clear. With respect to the research in cats, the 
amount of protein fed in some of the studies is no higher than many other diets on the market. In the studies reported here, 
the carbohydrate concentration in the test diets ranges from 5-12% ME.  However, no dose-response studies on increasing 
carbohydrates in cats with diabetes exist.   
 
One additional challenge is that dietary fiber is not reported in many of studies looking at carbohydrate restriction, or only 
reported as crude fiber, not total dietary fiber. Depending upon the diet, crude fiber may only be a small representation of 
total dietary fiber content.4 An in press publication looking at dietary fiber content of feline diets used for managing obesity 
and diabetes mellitus looked for a correlation between low carbohydrate diets and fiber content.5  Defining diets as “low-
carbohydrate” using either company marketing or American Animal Hospital Association (AAHA) guidelines resulted in no 
differences in any fiber type or proportion between groups using AAHA guidelines, and only limited differences based on 
marketing categorization, despite a wide range of fiber concentrations among individual diets. It is often assumed that fiber 
and carbohydrate are bound variables; however, the results from this study indicate these are not entirely dependent factors. 
 
One finding that does recur throughout the studies is that overweight or obese diabetic patients that lose weight develop 
better control, or in some cases revert to a non-diabetic state.  This finding suggests that in obese or overweight cats, weight 
loss to achieve an ideal body condition may be the most effective modification toward achieving better glycemic control or in 
cats reverting to a non-diabetic state. 



 
SUMMARY 
 
Carbohydrate provides energy and glucose, which is metabolically essential, and can be either obtained by dietary 
carbohydrate or synthesized in the body from amino acids or glycerol through gluconeogenesis. 
 
Currently there is no NRC minimal requirement (MR) or recommended allowance (RA) for carbohydrates in cats, although 
the NRC does suggest safe upper limits (SUL) for a few specific digestible carbohydrates and fiber.  The NRC specifically 
mentions that more research is needed in this area.   
 
Cats lack salivary amylase and have lower amounts of pancreatic amylase compared to dogs, but they can digest starch 
well, especially when processed and cooked. Cats have low glucokinase activity in their liver; they instead have hexokinase.  
This enzyme phosphorylates glucose at a slower rate, limiting glucose uptake by the liver. 
 
Several studies support that the natural diet of the cat is high in protein and low in carbohydrate.  However there is no 
evidence that this feeding approach supports a longer healthier life. 
 
Research studies support the maintenance of blood glucose concentrations within the normal range in healthy cats 
consuming diets containing approximately 40% DM as carbohydrate. 
 
Research studies support that diets containing high dietary fat, not high carbohydrates, are associated with weight gain and 
the development of obesity in the cat.  Current studies also do not support the hypothesis that carbohydrate consumption is 
a risk factor for the development of diabetes.   
 
When nutritionally managing diabetic cats there are essentially two approaches; fiber-enhanced diets and low carbohydrate 
diets.  Research supports that both diets can be successful in managing diabetic patients.  More compelling is the finding 
that overweight or obese diabetic cats that lose weight develop better control or revert to a non-diabetic state.  In this 
author’s opinion, weight loss is most important in controlling or reverting diabetic patients and either diet type can be used to 
achieve that goal.  
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