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Diabetes mellitus 

•  Absolute or relative 
insulin deficiency 
resulting in 
hyperglycemia and  
glucosuria 

•  Treatment: insulin 
replacement therapy 
+ supportive 
treatment 

> Type I 

> Type II 
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Risk factors CANINE 

•  Genetic predisposition 
•  Chronic pancreatitis 
•  Medication induced 

(steroids, progestogens) 
•  Gestation (temporary) 
•  Female 
•  More common middle aged 
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Risk factors FELINE 

Male cats (60-70%) 
Obesity 
Burmese (in some countries) 
Increasing age (>7 yrs) 
Concurrent diseases 
Some medications 
Inactivity/sedentarism 
Diet? 
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Diabetes mellitus: dietary 
management 

Goals: 
1) Provide energy and nutrients to 

maintain a stable body weight and 
an ideal body condition score 

•  Ensure palatability! 
2) Help manage blood glucose 

concentrations to 
1)  Reduce insulin dose 
2)  Stop insulin treatment (remission) 

ü Nutrient 
profile? 

ü  Feeding 
method? 
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Key nutrients: water 

 

•  Fresh water always 
available 

•  Multiple water stations 
•  Water fountains 
•  Canned food 

https://courses.washington.edu/conj/bess/polyuria/nephron-diabetes.png 
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Classical	of	uncontrolled	
DM		

Key nutrients: energy 



Common,	esp	if	other	
endocrinopathies	

		

Causes 
insulin 
resistanc
e 



Less insulin 
receptors 

 
Insulin 

receptors 
less 

functional 
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•  Scarlett, Donoghue (1994): increase DM 
risk by 
 X2 (overweight) 
 X8 (obesity) 

•  All epidemiology studies found this 
association 

•  Obese cats after weight loss: increased 
insulin sensitivity (Hoenig et al 2007) 

Cats	with	DM	and	obesity	should	always	
undergo	a	weight	loss	feeding	plan	

Obesity and DM in cats 

Dogs? 
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Key nutrients: fat 

•  DM is commonly associated to dyslipemias: 
hypertriglyceridemia, hypercholesterolemia 

•  DM is a risk factor for pancreatitis (and viceversa), 
which is sensitive to dietary fat in dogs 

•  Palatability, E density 

Careful evaluation for 
each patient! 



Key nutrients: protein 

Muscle wasting is common in uncontrolled 
DM patients: ensure adequate intake 
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Key nutrients: protein in cats 

•  low carbohydrate/high protein diet might help 
management? 
 Cat: carnivore, gluconeogenic species 
 1 study with only 5 healthy cats (Mori et al 2009) suggested 
that protein may be a more potent insulin secretion stimulator 
than glucose in this species 
One study (Mimura et al 2013), however, supports a larger 
effect of starch and fiber (compared to protein) on blood 
glucose and insulin 
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Key nutrients: fiber 

Proposed mechanism of action 
 
•  Insoluble fiber 
-  Decrease transit time 
-  Impede substrate access to enzyme / decrease absorption of dietary carbohydrate  

•  Soluble fiber  
-  Delay gastric emptying 
-  Form gel in aqueous solutions à « bind » glucose 
 
à Slower glucose absorption / lower insulin need 
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Key nutrients: fiber 

•  Positive effect of soluble and insoluble fiber on 
disease control (Nelson et al. 1991, Nelson et al 
1998, Graham et al 2002) – E intake/ Weight loss! 

•  Positive effect of insoluble and soluble fiber 
(Kimmel et al 2000). High adverse effects of 
soluble fiber 

•  No effect of fiber use on glycemic control 
(Fleeman et al 2009) – other nutrient intake 
differences  
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Key nutrients: fiber 

•  Nelson et al 2000 
 16 cats with spontaneous non insulin dependent 
diabetes mellitus, high fiber diet (cellulose, 12% DM) 
lower pre and post prandial glycemia vs low fiber 
diet. 
 Careful interpretation: high fiber diet was also 
slightly lower in carbohydrates than the control diet 
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Key nutrients: fiber 

Ø Different fiber types and sources at different dosages: 
interpretation? Dose recommendation? 

Ø High number of confusing effects: 
Ø Weight loss 
Ø Different macronutrient composition that can affect insulin 

secretion 
Ø High individual variation for positive & negative effects 
Ø Dogs 15-20% DM (sol or insol), Cats 12% Dm (insol) 

potentially helpful in reducing post pandrial BG 
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Key nutrients: digestible 
carbohydrates: TYPE 

•  Soluble carbohydrates 
(starch) are potent stimulators 
of insulin secretion in healthy 
individuals (cats?) 

•  Classical recommendation 
from humans: use starch that 
results in lower post pandrial 
glucose curve (low glycemic 
index) 

Not used for pet food: 
• Mixture of ingredients vs. 
single CHO sources 
• Fat may affect gastric 
emptying and thus BG 
• Processing may affect starch 
digestibility 
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•  Sunvold and Bouchard 1998.  
Healthy dogs 
 5 starch sources (30% dry matter) for 2 
weeks 



Carciofi AC et al. J Anim Physiol Anim Nutr (Berl) 
2008;92. 

Fiber?  



de-Oliveira LD et al. J Anim Sci 2008;86. 

Same amount of starch (~ 35% DM), the 
source of CHO affects postprandial blood 
glucose AUC (à fiber effect?) 
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Key nutrients: digestible 
carbohydrates: AMOUNT 

•  Initially considered for cats 
 Lack fructokinase 
 Low/no glucokinase 
(hexokinase) 

•  Maybe low starch diets can 
help control BG 



Hewson-Hughes AK et al. Br J Nutr 2011;106 Suppl 1. 

CHO  
12 % 
30 % 
43 % ME 

9 Labrador 
retrievers (4 M, 5 
F) 
Cross-over design 
Measure after 
single meal 
 
No clear 
differences in BG 



12 healthy neutered 
dogs, cross over study, 
3 weeks per period 

Test diet lower peak PP BG and 
mean BG concentration 
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•  In healthy cats, dietary starch level DOES affect postprandial 
blood glucose concentrations. 

Coradini M et al. Br J Nutr 2011;106 Suppl 
1. 

Farrow HA et al. J Vet Intern Med 2013;27. 



•  Lower starch diets result in lower PP BG concentrations 
in cats  

•  BUT 

 Glucose, insulin WNL 
 Does not affect fasted BG (similar to other species) 
 One single meal over 24h – relevant? 
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 Dietary carbohydrate & DM in 
cats 

What is considered a “low” carbohydrate diet? 
Typically subjective or arbitrary concentrations 
•  AAHA Diabetes Management Guidelines  (Rucinsky, 2010) 

•  ACVIM draft consensus statement, 2011 
 

 
 
 
 

CHO Very Low Low Moderate High 

% ME < 10 10 to < 25 25 - 40 > 40 



Sources	of	error:	
1.  Analysis		
2. Moisture	

declared	
3.  Crude	fiber	vs	

TDF	

𝑁𝐼𝑇𝑅𝑂𝐺𝐸𝑁 𝐹𝑅𝐸𝐸 𝐸𝑋𝑇𝑅𝐴𝐶𝑇 (% 𝐴𝑆 𝐼𝑆)=100 −

(𝐶𝑅𝑈𝐷𝐸 𝑃𝑅𝑂𝑇𝐸𝐼𝑁+𝐶𝑅𝑈𝐷𝐸 𝐹𝐴𝑇+CRUDE FIBER+ASHES+MOISTURE) 
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 Dietary carbohydrate & DM in 
cats 

•  4 studies examining the effect of low     
CHO/high protein diets in diabetic cats: 
 Only 2 are “controlled” (product comparison, typically with 
higher CHO/fiber diet) 
 Different types/regimens of insulin were used 
 Many nutrient differences between diet groups;  some may 
impact DM management (protein, fiber)  
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 Dietary carbohydrate & DM in 
cats Frank, 2001 Mazzaferro, 2003 Bennett, 2006 Hall, 2009 

Uncontrolled 
n=9 

Diet switch from 
37-38-25 to  

46-47-7 %ME 
prot-fat-CHO 

3 months 

↓ Insulin in 8 
Stopped in n=3 

 
 
 
 

Weight stable 
 
 
 

Frank G et al. Vet Ther 2001; 2: 238-246. 
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 Dietary carbohydrate & DM in 
cats Frank, 2001 Mazzaferro, 2003 Bennett, 2006 Hall, 2009 

Uncontrolled Uncontrolled 
n=9 n=24 

Diet switch from 
37-38-25 to  

46-47-7 %ME 
prot-fat-CHO 

Switched to diet 
34-60-6 %ME 
prot-fat-CHO 
+ acarbose 

3 months 4 months 

↓ Insulin in 8 
Stopped in n=3 15/24 remissions 

 
 
 
 

Weight stable 
Responders 

were cats with 
high % body fat 

NR 

R 

Mazzaferro EM et al. J Feline Med Surg 2003; 5: 183-189. 
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 Dietary carbohydrate & DM in 
cats Frank, 2001 Mazzaferro, 2003 Bennett, 2006 Hall, 2009 

Uncontrolled Uncontrolled  Controlled 
n=9 n=24 n=63, 2 groups 

Diet switch from 
37-38-25 to  

46-47-7 %ME 
prot-fat-CHO 

Switched to diet 
34-60-6 %ME 
prot-fat-CHO 
+ acarbose 

Diet 40-34-26 
or 37-51-12 %ME 

prot-fat-CHO 

3 months 4 months 4 months 

↓ Insulin in 8 
Stopped in n=3 15/24 remissions 

No difference in 
final fructosamine.  

Remission rate         
40 vs 70% (↓CHO) 

Weight stable 
Responders 

were cats with 
high % body fat 

Most responders  
lost fat mass (DEXA) 

in both groups 

Bennett N et al. J Feline Med Surg 2006; 8: 73-84. 
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 Dietary carbohydrate & DM in 
cats Frank, 2001 Mazzaferro, 2003 Bennett, 2006 Hall, 2009 

Uncontrolled Uncontrolled  Controlled Controlled 
n=9 n=24 n=63, 2 groups n=12, 2 groups 

Diet switch from 
37-38-25 to  

46-47-7 %ME 
prot-fat-CHO 

Switched to diet 
34-60-6 %ME 
prot-fat-CHO 
+ acarbose 

Diet 40-34-26 
or 37-51-12 %ME 

prot-fat-CHO 

Diet 32-40-28 
or 48-40-12 %ME 

prot-fat-CHO 

3 months 4 months 4 months 2 ½ months 

↓ Insulin in 8 
Stopped in n=3 15/24 remissions 

No difference in 
final fructosamine.  

Remission rate         
40 vs 70% (↓CHO) 

No difference in 
final fructosamine 

1 remission in 
each group 

Weight stable 
Responders 

were cats with 
high % body fat 

Most responders  
lost fat mass (DEXA) 

in both groups 
NB: mixed feeding 

Hall TD et al. J Feline Med Surg 2009; 11: 125-130. 
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 Dietary carbohydrate & DM 

•  Dietary starch level 
 Affects postprandial BG in healthy cats 

 but within normal limits 

 Does not clearly affect it in dogs 

 Can alter glycemic control in diabetic cats  
 levels <12 %ME may ↑	remission rates & glycemic control 
 solid evidence is still lacking  
 other macronutrients (protein) may play a role  
 No data on dogs with DM 
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 Dietary carbohydrate & DM 

Summary (cont’d) 

•  Current evidence suggests that: 

 Diabetic remission/control in cats can be achieved with different dietary 
strategies 

 High protein, low carbohydrate diets 
 Moderate carbohydrate, high fiber diets 

 Fat mass loss is important to reduce insulin resistance and achieve remission 
(along with insulin therapy) 

 Clinical trial effect? 

à Individualize your recommendations to each cat! 
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What about diet and prevention 
of feline DM? 

•  Cats: carnivorous, prey low in starch 
•  Some authors propose dry diets, rich in starch, can be a 

risk factor for DM 

 



•  96 cats with DM and 192 matched controls (age, sex, BW, BCS) 
•  Diet and activity information at time of diagnostic 

 Dry, canned, homemade, ad lib vs restricted, snacks 
 Outdoor access, activity level, play time, sleep time, time 

outdoors 



Male sex, glucocorticoids, physical 
inactivity and indoor confinement 
correlated to DM  
 
No differences in %ME from dry 
food between cases and controls 
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Limitations 

•  Retrospective  
•  Owner recall 
•  Assumption on dry food energy density and overall 

energy intake 



20 swedish cats with DM and 20 matched controls 
(age, sex) 
Diet information 

 #meals/day, products, table foods, treats, 
supplements at time of diagnostic 
BCS estimated by owner  

•  Male 
•  Average age 9 

y.o. 
•  Controls 

consumed 
higher DM % of 
dry food vs 
cases  

•  Cases were less 
active than 
controls 
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Limitations 

•  Retrospective  
•  Sample size 
•  Owner recall 
•  % DM intake (E intake might vary) 
•  BCS estimated by owner 



Insurance database, 1369 DM cats identified, age matched controls 
(5363) 
After response rate and clean-up: 396 DM and 1670 controls 
Type of diet, feeding regime, eating behaviour, BCS: year preceeding 
diagnostic 

 If 75% (?) only one diet considered 
 If 50% (?), two diets considered 



•  Risk factors (univariate) 
Male 
Burmese and Norwegian 
Steroids 
Dry food 
Vaccination 
Greedy appetite 
Overweight 
Indoor 
 

•  Multivariate analysis 
Sex, breed, vaccination, 
steroids, eating behaviour still 
significant 
Overweight cats higher risk vs 
normal BCS for all kind of 
diets 
Increase risk in normal BCS 
cats eating dry vs canned 
Active cats no difference 
indoor/outdoor, as opposed to 
inactive cats 
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Limitations 

•  Retrospective  
•  Owner recall 
•  How was % dry food determined? 
•  Self assessed BCS 

Courcier et al 2010 



+33 970 44 80 40 

Prospective data 

48.1 46.0 
34.0 

24.2 23.1 
39.4 

0% 

20% 

40% 

60% 

80% 

100% 

HP HPPUFA HC 

Protein Fat CHO 

No effect of diet on assessed 
parameters (Endogenous 
glucose production, BG, 
insulin, leptin, T4, 
adiponectin) in lean or obese 
cats, young or old 
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Prospective data 

•  High fat, and not high carb diets, associated with obesity 
development in cats (Backus et al. 2007) 

•  Obesity, rather than diet, associated with insulin 
resistance development with age (Backus et al 2010) 
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Diabetes mellitus: feeding 
management in DOGS 

•  CONSISTENCY: same diet, same amount, same time of 
day, in conjunction with insulin 

•  DIET CHOICE: 
 No need to change diet when diagnosed with DM. A good quality 
maintenance diet can be adequate as long as it is consistent and 
palatable 
When is a diet change recommended? 

1)  Dog has a comorbidity that responds to diet: pancreatitis, 
obesity, etc. 

2)  Dog is difficult to control: try a diet either high fiber or lower in 
carbohydrates to see if insulin dose can be reduced or its effect 
maximized  

High fiber diets are CONTRAINDICATED in dogs with 
low body condition score 
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Diabetes mellitus: feed 
management in DOGS 

•  Treats are not recommended (unless they are given at the 
same time of the main meals) 

•  Amount to feed: Maintenance energy requirements , 
adjust every 2-4 weeks for stable body weight and body 
condition 

𝑀𝐸𝑅 (​𝑘𝑐𝑎𝑙/𝑑 )=95 𝑡𝑜 130 𝑥 ​𝐾𝑔 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡↑0,75  
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Diabetes mellitus: feeding 
management in CATS 

•  CONSIDER not changing diet at diagnostic (except 
concomitant disease that requires it) 
 Usual diet until stabilitzation 

•  Once stabilized, consider change, depending on 
Body weight, body condition score, muscle condition score 
 Control of DM (clinical signs, fructosamine) 
Patient preferences 
 Client circumstances 
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Diabetes mellitus: feeding 
management in CATS 

• Consider using a  
• Low carb/high protein diet 

•  contraindicated in obese prone (except for canned) 
• High fiber diet: contraindicated in thin animals 
• Weight loss diet in body condition score above 5/9 

• If body condition score ok and control DM 
adequate, assess if diet change is necessary  
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Diabetes mellitus: feeding 
management in CATS 

• Feed maintenance energy requirements: adjust q 
2 weeks  

• Treats <10% calories, avoid semi moist treats 
• If overweight: 

𝑀𝐸𝑅 (​𝑘𝑐𝑎𝑙/𝑑 )=100 𝑥 ​𝐾𝑔 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡↑0,67  

𝑀𝐸𝑅 (​𝑘𝑐𝑎𝑙/𝑑 )=130 𝑥 ​𝐾𝑔 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡↑0,4  
lean 

overweight 



1st: stabilize. Once DM 
controlled à Energy 
restriction until ideal body 
condition score 

Frequent reevaluation of insulin 
dose 

 Decrease insulin resistance 
 Dose changes with body 

weight 

At the end: 
 1) reduction insulin dise 
 2) Reversion  
 3) Consider diet change 
 (canned: less energy 

dense) 
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Feeding method 

•  Adapt it to type and dose of insulin (1 vs 2 
times a day) 
 Key: consistency: same diet, same amount, 
same time of day 

 Same applies to treats 

•  If concurrent diseases (amenable to 
nutritional management), consider that DM 
can be treated with insulin (meds) when 
having to decide when deciding on a diet! 
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Key points 

•  Dietary management for patients with DM consists in 
providing a complete and balanced diet in sufficient amounts 
to promote ideal BCS 

•  Nutritional evaluation important for feeding plan choice 
•  Some strategies can help control glycemia and help manage 

this disease, such as high fiber or low starch diets, but we 
need more evidence to support both approaches in dogs and 
cats (most studies are product testing) 

 High fiber and low carb are relative/non agreed upon terms 
 Both have contraindications 
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Key points 

•  Co-morbidities will affect diet choice 
•  Obesity should always be addressed if possible 
•  Consistency (same diet, same amount, same time of day) 

and coordination with insulin is key 
•  Diet change not always necessary 



Thank 
you 

cecilia.villaverde@gmail.com 
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