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Pet Obesity

• Global problem, most common nutritional disorder

• What? Accumulation of excessive amounts of adipose tissue that is causing disease

energy intake >> energy needs
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OBESITY

CHRONIC LOW-GRADE INFLAMMATION

• Joint problems, osteoarthritis
• Skin & coat disorders
• Difficulty breathing
• Heat intolerance
• Reduced activity
• Diabetes mellitus
• Heart disease
• Urinary tract disease
• Gastrointestinal problems

Obesity-related 
Health Consequences
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Shortened Lifespan
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Not Easy To Treat

• 45% completed weight loss program

• Reason for stopping prematurely

• Inability to contact owner 

• Owner request before target

• Another illness

• Owner illness/personal issues

• Refusal to comply

• Main factors for success 

• Rate of weight loss

• Weight loss required to meet target weight

• Not diet factors
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Focus On Obesity Prevention

Bland et al, 2010

Recognize predisposing factors
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Obesity 
Management 
Starts Early 
In Life!

• Spay/neuter practices common and certainly have benefits

• Many studies have found a key link between neutering & obesity

• Neutered dogs 3.8 times, cats 2.6 times more likely to be obese

Robertson, 2003; Courcier et al., 2012
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Gonadectomy

• Removal of sex hormones → ex. estrogen known to cause appetite suppression 

• Leads to:

• Increased food intake and body weight post-gonadectomy

• Substantial food restriction is needed to maintain ideal body weight

• Resting energy requirement lower

• Reduction of spontaneous activity
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Battling Obesity In Cats Is A Challenge

1. Assessment & identification

2. Feeding management strategies

3. Diet selection & energy restriction for weight loss
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ASSESSMENT & IDENTIFICATION
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Build Pet Owner Awareness

• Veterinary teams have trouble communicating the issue with pet owners

• Client communication is utmost important

• Pet owners underestimate their pet’s BCS (Cave et al, 2012)

63% Cats BCS >6/9 (n=200)
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Body Condition 
Scoring

Muscle Condition 
Scoring

Body Weight

Body Composition Assessment

Every Pet → Every Visit
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177 responses: 91 veterinarians, 87 veterinary technicians/assistants

• Of these, 25% (36/143) implemented the guidelines in their practice

• Only 44% of the respondents who implemented the guidelines (16/36) 
use BCS, MCS and BW together to assess body condition

81% heard of AAHA and WSAVA nutritional assessment guidelines
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67% reported always assessing body composition
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Laflamme, 1997; Witzel et al., 2014

https://www.hwp.hillsvet.com/
20% 

BODY 
FAT

> 40% 
BODY 
FAT
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Ideal Body Weight

Wellard et al, 2020, Unpublished
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Do you determine ideal body weight for weight 
management?

Santarossa et al, 2018

Body composition Survey
Ontario, Canada, 2014-2015
177 respondents: 91 veterinarians, 87 
veterinary technicians/assistants

Energy Requirement Survey
Ontario, Canada 2018
343 respondents: 205 veterinarians, 138 
veterinary technicians/assistants 16



Ideal Body Weight
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How do you determine ideal body weight? Santarossa et al, 2018
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Prevention Early In Live

• Body weight – not a good predictor of age > 10 weeks

• Body condition scoring – not validated

• Growth charts – not published
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FEEDING MANAGEMENT
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Determination Energy Requirement

Veterinary professionals in Ontario, 2018 Survey 

• Reference materials are most frequently used

• Nonspecific recommendation more often for puppies than for maintenance and for weight loss

• Calculations performed more for adult maintenance and weight loss than for puppies

Wellard et al, 2020, Unpublished

98% provide feeding 
recommendation

80% performed energy 
requirement assessment

20



Maintenance Energy Requirements (MER)

• Predictive MER lower than reported in NRC

• Large variation among cats

• MER based on BW alone not accurate prediction

→ age, gender, neuter status, body composition

• Little information: young, senior, intact, outdoor cats
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Metabolisable Energy (ME)

Asaro et al., 2017 22

• Traditional Atwater 
Closest to measured ME

• Modified Atwater
Underestimation ~12 %

• NRC 
Underestimation 8%

Traditional ME (kcal/kg) 
= [4 × CP (%) + 4 × NFE (%) + 9 × crude fat (%)] × 10 

Modified ME (kcal/kg) 
= [3.5 × CP (%) + 3.5 × NFE (%) + 8.5 × crude fat 

(%)] × 10

NRC
4 step calculation, that includes Crude Fibre



Measuring Food 

Veterinary Record (2019) doi:10.1136/ vetrec-2018-105319
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Feeding Method

• Multiple small meals

• Automated feeders

• Food toys and puzzles

• Put play & activity into feeding

→ Enhance activity & mental stimulation 
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Feeding Method

Physiological & metabolic effects?

Tested 1 versus 4 meals in cats

Physical activity greater in cats fed 4 times, 
though energy expenditure not different

Cats fed once daily compared to eating four 
times daily had:
- Higher plasma satiety hormones (GIP, GLP-1 

and trend for PYY)
- Greater postprandial plasma amino acid 

and insulin response concentrations.
- Lower fasting respiratory quotient
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DIET SELECTION & ENERGY RESTRICTION
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Caloric Restriction

Negative energy balance = key to weight loss

• Equations to estimate energy for weight loss:

• Resting energy requirement (RER; 70 kcal/kg0.75) 
Thatcher et al., 2010

• 80% of RER 

Brooks et al., 2014; German et al., 2011; Wakshlag et al., 2012

• 60% of percentage MER (130 kcal/kg0.4)

NRC, 2006 

• Current or ideal body weight
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Caloric Restriction

TOO MUCH TOO LITTLE

• Weight loss plan not successful
• Lack of owner compliance
• Early drop out

• Loss of lean body tissue (muscle)
• Essential nutrient deficiencies
• Hepatic lipidosis→ Cats

AIM: Slow & steady
0.5-2% of start BW per week

28



Diet Choices

29

Over the counter diets

• Feed less current diet

• Light, low calorie, low fat

• Formualted for maintenance 
not for calorie restriction

Add low calorie human food

• Pumpkin, green beans

• Dilute energy but also 
nutrients

Veterinary weight loss food

• Formulated accounting for 
calorie restriction



Food Selection For Weight Loss

• Weight loss trial with VTD

• Intake of majority of indispensable amino 
acids and vitamins greater than NRC 
recommended allowance 

• Except arginine, choline, crude 
protein, phenylalanine plus tyrosine 
and threonine

Grant et al, 2020 DVSc thesis

• Theoretical estimation of amino acid and vitamin 
intake during energy restriction

• Fewer nutrient intakes below NRC 
recommended allowance with VTD compared 
to OTC maintenance and low-calorie diets

• Higher number of nutrients below NRC 
recommended allowance with increasing 
level of restriction

• Nutrients of concern: crude protein, 
phenylalanine plus tyrosine, choline 
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Food Selection For Weight Loss

• Weight loss trial with VTD
• Intake of majority of nutrients greater 

than NRC recommended allowance
• Some nutrients lower than NRC 

recommended allowance
• Total fat, tryptophan, methionine 

and cysteine, magnesium, 
potassium, selenium, choline

• Theoretical estimation of nutrient intake during 
energy restriction → VTD and OTC diets
• All diets → at least one nutrient below NRC 

recommended allowance when restricted 
minimally

• Number of nutrients deficient increased with 
increased degree of restriction

• Most common were selenium and choline 
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Food Selection For Weight Loss

• Weight loss trial with VTD

• Intake of majority of indispensable amino 
acids and vitamins greater than NRC 
recommended allowance 

• Except arginine, choline, crude 
protein, phenylalanine plus tyrosine 
and threonine

Grant et al, 2020 DVSc thesis

• Theoretical estimation of amino acid and vitamin 
intake during energy restriction

• Fewer nutrient intakes below NRC 
recommended allowance with VTD compared 
to OTC maintenance and low-calorie diets

• Higher number of nutrients below NRC 
recommended allowance with increasing 
level of restriction

• Nutrients of concern: crude protein, 
phenylalanine plus tyrosine, choline 
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Fatty Liver In Cats

Feline Hepatic Lipidosis

• Most common liver disease affecting cats in North America 

• Estimated prevalence 0.16% 

• > 50% liver biopsies performed 

• Most commonly affects overweight & obese cats 

• Most common cause = complete or partial anorexia 

Armstrong et al. 2009; Gagne et al. 1996; Crawford et al. 2010; Valtolina et al. 2005
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Fatty Liver In Cats

Verbrugghe & Bakovic, 2013
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Choline – Functions

Ueland, 2011; Da Costa et al. 2006; Al-Humadi et al. 2012

Choline Functions
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Lipotropic Effects Of Choline
Roles in fat metabolism

• Stimulating  lipid transport  

Liver – synthesis of phosphatidylcholine (PC) 

→ structural component very low-density lipoproteins (VLDL)

Duric et al. 2012; Rebouche & Seim 2002
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Free Fatty Acids (FFA)

Liver
Adipose

Triglycerides 
(TAG)

Storage as liver fat

FFA

Energy

β-oxidation

Phosphatidylcholine (PC)

Choline

Dietary sources
(Exogenous)

Endogenous 
production

Blood

Low density 
lipoprotein (LDL)

Very low-density 
lipoprotein (VLDL) 37



Lipotropic Effects Of Choline
Roles in fat metabolism

• Stimulating  lipid transport  

Liver – synthesis of phosphatidylcholine (PC) 

→ structural component very low-density lipoproteins (VLDL)

• Increasing oxidation of fatty acids 

• Stimulates re-methylation of methionine → SAM produced → ↑ PC and carnitine 

• Carnitine essential for mobilization of long-chain fatty acids  for oxidation 

Duric et al. 2012; Rebouche & Seim 2002
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CHOLINE SUPPLEMENTATION
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• N = 12

• 5 weeks

• Weight maintenance

• 2 extruded diets

• Control

AAFCO adult maintenance

458.7 mg choline/kg DM

• Control + Choline chloride

VitaCholine (Balchem)

1895.7 mg choline/kg DM
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P-value CHOL TRIG HDL

time 0.017* 0.260 0.077

diet 0.634 0.799 0.679

diet x time 0.013* 0.038* 0.029*
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• Supplementation of choline in obese cats:

Assists in eliminating hepatic fat 

→ ↑ lipolysis & mobilization

Sant and Anderson 2019

Adipose tissue

Liver

TG VLDL

Free Fatty Acids (FFA)

FFA

Choline

HDL
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P-value Methionine

time 0.010*
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• Supplementation of choline in obese cats:

May ↑ methionine recycling 

Sant and Anderson 2019
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• N = 16

• 12 weeks post-gonadectomy

• DER for growth

• Extruded diet AAFCO growth

330 mg choline/kg DM

• Supplement

• Control

• Choline chloride

PetShure (Balchem)

300 mg choline/kgBW0.75
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Kittens Post-Neutering
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Kittens Post-Neutering



CHOLINE (n=8) CONTROL (n=7)

Week -1 
LSM

Week 12 
LSM

SEM
Week -1 

LSM
Week 12 

LSM
SEM PCholine PTime PCholine*Time

Leptin (ng/mL) 4.04 3.28 0.32 3.77 3.50 0.34 0.946 0.141 0.467

Ghrelin (ng/mL) 15.13 16.67 2.58 14.19 16.24 2.76 0.804 0.512 0.924

GLP-1 (ng/mL) 1.03 0.90 0.42 1.08 1.21 0.50 0.703 0.981 0.765

PYY (ng/mL) 2.48 1.56 0.51 1.71 2.36 0.61 0.983 0.810 0.179

GIP (ng/mL) 286.34 271.43 16.67 277.05 328.26 17.84 0.220 0.318 0.082

Satiety Hormones
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CHOLINE (n=8) CONTROL (n=7)

Week -1 
LSM

Week 
12 LSM SEM

Week -1 
LSM

Week 
12 LSM SEM PCholine PTime PCholine*Time

EE Fasted (kcal/kg BW) 25.50 21.19 2.47 25.45 18.18 2.65 0.114 0.123 0.681

EE Fed (kcal/kg BW) 28.75 20.33 2.32 31.15 17.84 2.48 0.976 0.004 0.453

RQ Fasted 0.75 0.78 0.01 0.75 0.78 0.01 0.664 0.014 0.856

RQ Fed 0.82 0.82 0.01 0.82 0.83 0.01 0.425 0.564 0.516

Indirect Calorimetry
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Kittens Post-Neutering



CHOLINE (n=8) CONTROL (n=7)
Week -1 

LSM
Week 12 

LSM
SEM

Week -1 
LSM

Week 12 
LSM

SEM PCholine PTime PCholine*Time

Chol (mmol/L) 4.36 4.45 0.18 4.42 4.20 0.19 0.607 0.716 0.395

Gluc (mmol/L) 15.68 14.22 0.69 15.85 15.08 0.73 0.491 0.140 0.639

NEFA (mmol/L) 0.31 0.26 0.03 0.29 0.37 0.03 0.174 0.715 0.091

TAG (mmol/L) 0.39 0.43 0.04 0.40 0.50 0.04 0.156 0.134 0.480

LDL (mmol/L) 1.03 0.60 0.08 1.10 0.37 0.08 0.181 <0.0001 0.151

VLDL (mmol/L) 0.18 0.19 0.02 0.18 0.23 0.02 0.153 0.133 0.476

HDL-C (mmol/L) 3.13 4.06 0.17 3.13 3.59 0.18 0.209 0.002 0.212

Serum Lipids & Lipoproteins
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Kittens Post-Neutering



* = Ptime < 0.05
** = Ptreatment < 0.05
*** = Ptreatment x time < 0.05 

Serum Metabolomics 
NMR
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PTime=0.024
PCholine=0.605
PCholine*Time=0.677

PTime=0.002
PCholine=0.016
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Conclusion

• Feline obesity is a continuous BATTLE

• Affects feline welfare, quality of life and life span

• Pet food industry and veterinary community 

JOIN FORCES to win this battle

• Focus on ALL ASPECTS!

• Beyond perfectly designed veterinary weight loss foods

• Product development aim at prevention

• Feeding management strategies are very important

• Pet food marketing & veterinary communication
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Questions? 

Dr. Adronie Verbrugghe

Email: averbrug@uoguelph.ca

https://ovcpetnutrition.uoguelph.ca/

Follow us  
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