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Pet Obesity

• Global problem, most common nutritional disorder

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

energy intake >> energy needs 2



Factors Predisposing Pets To Obesity

Bland et al, 2010 3



• Spay/neuter practices 
 Common ~80%
 Benefits

Robertson, 2003; Courcier et al., 2012

Obesity Management Starts Early In Life!

4



• Main driver for gonadectomy procedures
• Reduces likelihood of abandonment 

Aid Population 
Control

• Minimizes sexual behaviours
• Reduces territorial behaviour (i.e. territory 

marking via urination)

Curb Behavioural 
Patterns

• Mammary gland neoplasiaDisease Prevention

Allaway et al., 2016; Vendramini et al., 2020; Rohrbach et al., 2001 ; Stubbs et al., 1996

Gonadectomy - Benefits

5



• Spay/neuter practices 
 Common ~80%
 Benefits

• 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

Obesity Management Starts Early In Life!
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Gonadectomy - Consequences
• Removal of sex hormones  ex. estrogen causes 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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25-30% reduction 
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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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Reduced Quality Of Life

9



Shortened Lifespan
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The Weight Loss Challenge
• Enrollment in weight loss plan recommended 

55% stop prematurely 
Not always successful 
Struggle to maintain weight loss long-term

11Villaverde et al. 2018; O’Connell et al. 2018; Deagle et al. 2014; NRC 2006; Brooks et al. 2014; Biourge et al. 1994



The Weight Loss Challenge
• Safe weight loss = losing 0.5-2% initial weight/week

Fast weight loss and drastic energy restriction 
 Feline Hepatic Lipidosis

12Villaverde et al. 2018; O’Connell et al. 2018; Deagle et al. 2014; NRC 2006; Brooks et al. 2014; Biourge et al. 1994



Fatty Liver In Cats
• Most common liver disease affecting cats in North America
• Most commonly affects overweight & obese cats 
• Most commonly caused by complete or partial anorexia 
• Can be fatal if untreated

13Armstrong et al. 2009; Gagne et al. 1996; Crawford et al. 2010; Valtolina et al. 2005, 
Verbrugghe & Bakovic 2013



The Weight Loss Challenge
 Nutrient deficiencies 

Dependent on restriction level and diet choice

14Villaverde et al. 2018; O’Connell et al. 2018; Deagle et al. 2014; NRC 2006; Brooks et al. 2014; Biourge et al. 1994



• 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, 2023 – submitted PlosONE

• 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 

Nutrient Deficiencies
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• 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 

Nutrient Deficiencies
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Nutrient Deficiencies
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NRC 2006
Growth

133 mg/kg0.67

Maintenance
63 mg/kg0.67

Found 
Commonly in 
eggs, wheat  
germ, organ 

meats

Important for 
normal liver 
and body 
functions

Da Costa et al., 2006; Uleland, 2011

Choline, Essential Nutrient
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Choline – Functions

20Ueland, 2011; Da Costa et al. 2006; Al-Humadi et al. 2012

Choline 
Functions



Potential 
for Choline 
Supplementation

Increased markers of one-carbon 
metabolism, fatty acid oxidation, and 

protein synthesis

Improved Carcass Composition
↓ FAS; ↑ HSL

↓ Average Daily FI
↑ Feed Conversation Ratios

↓ Liver Fat Accumulation

↓ Plasma NEFA
↓ Hepatic TAG Accumulation

↑ Lipid Mobilization & Oxidation

21Sivanesan et al, 2018; Huang et al., 2006; Cooke et al., 2007; Azadmanesh & Jahania, 2014



CHOLINE SUPPLEMENTATION
22
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Kittens
N=16

Post-gonadectomy
3 x DER to mimic ad lib

Choline vs. control
Choline @ 3 x NRC RA

12 weeks
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Kittens
N=16

Post-gonadectomy
3 x DER to mimic ad lib

Choline vs. control
Choline @ 3 x NRC RA

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

Serum Metabolomics - NMR
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Kittens
N=16

Post-gonadectomy
3 x DER to mimic ad lib

Choline vs. control
Choline @ 3 x NRC RA

12 weeks



Neutered Kittens
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N = 12
Chronically obese
Choline vs. control

Choline @ 5 x NRC RA 
5 week 

Adult Cats



Assists in eliminating hepatic fat 
→ Lipolysis & mobilization ↑ 31

Adult Cats



Methionine recycling ↑

32

N = 12
Chronically obese
Choline vs. control

Choline @ 5 x NRC RA 
5 week 

Adult Cats
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34

mmol/L Control 2 x NRC RA 4 X NRC RA 6 X NRC RA 8 X NRC RA PDose

TAG 0.371 ± 0.044b 0.387 ± 0.044 ab 0.422 ± 0.044ab 0.458 ± 0.044a 0.377 ± 0.044ab 0.027*

CHOL 6.65 ± 0.35a 6.58 ± 0.35a 6.83 ± 0.35ab 7.15 ± 0.35b 6.90 ± 0.35ab 0.012*

HDL-C 5.20 ± 0.20b 5.28 ± 0.20ab 5.40 ± 0.20ab 5.54 ± 0.20a 5.42 ± 0.20ab 0.026*

LDL-C 1.29  ± 0.18 1.13 ± 0.18 1.24 ± 0.18 1.40 ± 0.18 1.31 ± 0.18 0.066

VLDL 0.074 ± 0.009b 0.077 ± 0.009 ab 0.084 ± 0.009 ab 0.092 ± 0.009a 0.075 ± 0.009ab 0.027*

NEFA 0.22 ± 0.021 0.23 ± 0.021 0.21 ± 0.021 0.20 ± 0.021 0.17 ± 0.021 0.071

Adult Cats N = 14
Overweight

Choline dose response 
2 week 
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Serum metabolomics 
NMR & DiMS

6 x NRC RA 
• ↑ serum phospholipids and 

sphingolipids
• ↑ one-carbon cycle 

metabolites

Adult Cats
N = 14

Overweight
Choline dose response 

2 week 
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Study Limitations
• Most studies only male cats

• Not chronically obese, young cats

• Did not investigate weight loss or energy restriction

• Only one choline source tested
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Choline supplementation 

 Potential strategy for prevention and treatment of obesity

Gonadectomy  higher food intake, body weight and fat mass
Choline above NRC recommended allowance (3 x) 

Minimize effects of gonadectomy  Reduce risk of obesity 

Choline above NRC recommended allowance (6 x) 
Hepatic lipid mobilization & liver health  Reduce risk FHL
No effect on body composition  Context weight loss

45

Conclusion
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Questions? 
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Dr. Adronie Verbrugghe
Email: averbrug@uoguelph.ca
https://ovcpetnutrition.uoguelph.ca/
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