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Pet Obesity
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* 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-related
Health Consequences

e Joint problems, osteoarthritis
e Skin & coat disorders

e Difficulty breathing

* Heat intolerance

* Reduced activity

* Diabetes mellitus

* Heart disease

e Urinary tract disease

* @Gastrointestinal problems



Shortened Lifespan

Journal of the American Veterinary Medical Association
May 2002

- Effects of diet restriction on life span and age-related changes in dogs
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Effects of diet restriction on life span
and age-related changes in dogs

Richard D. Kealy, phD; Dennis E Lawler, DvM; Joan M. Ballam, Ms; Sandra L. Mantz;
Darryl N. Biery, DVM, DACVR; Elizabeth H. Greeley, PhD; George Lust, PhD; Mariangela Segre, DSc;
Gail K. Smith, DvM, PhD, DACVS; Howard D. Stowe, DVM, PhD
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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

O'Connell et al. BMC Veterinary Research (2018) 14:397

https://doi.org/10.1186/512917-018-1740-5 BMC Veteri nary Research
RESEARCH ARTICLE Open Access

Factors associated with overweight cats @
successfully completing a diet-based

weight loss programme: an observational

study

Erin M. O'Connell’, Maria Williams', Shelley L. Holden®*, Vincent Biourge3 and Alexander J. German'Z'®




Focus On Obesity Prevention

Recognize predisposing factors

Animal- * Genetics & Breed

Specific . Age
Factors « Gender & Neutering

SMALL

W) ANIMAL
+. OBESITY

Human- « Diet Type & Feeding Method

Specific * Physical Activity
Factors « Owner Attitudes & Household
Characteristics

Bland et al, 2010



Obesity
Mana geme Nt - Many studies have found a key link between neutering & obesity
Starts Early
In Life!

* Spay/neuter practices common and certainly have benefits

* 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

25-30%
reduction
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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






Build Pet Owner Awareness

* Veterinary teams have trouble communicating the issue with pet owners

e Client communication is utmost important

* Pet owners underestimate their pet’s BCS (Cave et al, 2012)
63% Cats BCS >6/9 (n=200)

Owner’s estimate of BCS

OVERESTIMATE

CORRECT ESTIMATE

UNDERESTIMATE
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The Standard of
Veterinary Excellence

Body Composition Assessment
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Body Weight

Every Pet = Every Visit
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AI’tiCle Can Vet ] 2018;59:1280-1286

Assessment of canine and feline body composition by veterinary health
care teams in Ontario, Canada

Amanda Santarossa, Jacqueline M. Parr, Adronie Verbrugghe

177 responses: 91 veterinarians, 87 veterinary technicians/assistants

81% heard of AAHA and WSAVA nutritional assessment guidelines

e 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

™
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- Can Vet ] 2018;59:1280-1286
Article e

Assessment of canine and feline body composition by veterinary health
care teams in Ontario, Canada

Amanda Santarossa, Jacqueline M. Parr, Adronie Verbrugghe

67% reported always assessing body composition
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How often assess body composition in patients? Use of body composition assessment methods “

14



i WSAVA

Global Nutrition
Committee
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UNDER IDEAL

@ R visibie on shorthaired cats. No palpable fat
Severe sbdominal tuok. Lumbar vertebrae and winge
of llia sasily paipated

@ Rins canily visibis on shorthaired cats. Lumbar veristrass
obvious. Pronounced abdominal tuck. No palpabis tat.

© e easily paipable with minmal tat covering.
Lumbar vertsbras obvious. Obvious waiat behind riba
Minimal abdominal fat.

© Ribs paipabls with minimal fat coverng. Notosable
waist bahind rib. Siight abdominal tuck, Abdomins!
fat pad absent.

n’ m~ :

g Abdominal fat
pad minimai

OVER IDEAL

@ Ribs psipable with siight exoess fat covsting
Waist and abdominai fat pad disfinguishable but not cbvious
Abdaminal tuok abasnt.

@ Rive not sosity palpated with modsrats fat oovering.
Waiat poarty dmoemible. Obvious rounding of abdomen
Moderste abdomnal tat pad

oﬁblnmpdpcbhwlhmmnvdﬂg Warst absant
Obwious rounding of abdomen with prominent abdomnal fat pad.
Fat deposits present over lumbar area

(© fios riot palpable under heavy fat cover.
Heavy fat deposits over lumbar area, {ace and limba.
Distention of abdomen with no waist. Extensive
abdominal tat deposits.

The Hill’s Healthy Weight Protocol Morphometric Measurement Instructions — FELINE

Patient:

Date:

Age: Current weight:

Record results from HWPHillsVet.com
BFIL:
Ideal weight:

Accurate measurements are important to ensure an accurate result. Every effort should be made to be as close as possible to the skin surface. The measuring tape should be
snug around the body part, but not so snug that it causes an indentation. Record the numbers in centimeters to one decimal point. Double check your measurements.

Record final measurements on this worksheet. Enter the data into the Hills Healthy Weight Protocol e-tool at HWP HillsViet.com. Record results above and file with patient data.

There are SIX FELINE MEASUREMENTS

8 Lt et T Rt . GO e et B

1. Head circumference
Measure drcumference by placing the
tape equidistant between the eyes and
ears at the widest part of the head.

__ am
Enter measurements in centimeters

2. Thoracic circumference
Measure the girth at the level of the heart
(~ 6th — 7th rib, just behind elbow).

_— m
Enter measurements in centimaters

3. Front leg circumference
Measure drcumference at the midpoint
between the carpus and the elbow.

P 1|
Enter measurements in centimeters

4. Front leg length

Measure from the proximal edge of the
central foot pad to the point of the
elbow (olecranon process). Carpus must
be straight.

cm
Enter measurements in centimeters

5. Hind leg length

Measure from the proximal edge of the
central foot pad to the tip of the hock
(dorsal tip of the calcaneal process). Tarsus
must be straight.

an
Enter measurements in centimeters

6. Body length

Starting from the base of the tail measure
along the dorsal midline following the
contours of the back, neck and head to
the proximal edge of the nose pad.

AP SRR 1 | !
Enter measurements in centimeters &

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

Laflamme, 1997; Witzel et al., 2014


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

|deal Body Weight
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™
YES NO Current body weight Ideal body weight
Do you determine ideal body weight for weight Do you use ideal body weight or current body weight to calculate
management? energy requirement for adult dogs requiring weight loss? l
Santarossa et al, 2018 Wellard et al, 2020, Unpublished

Body composition Survey Energy Requirement Survey
Ontario, Canada, 2014-2015 Ontario, Canada 2018
177 respondents: 91 veterinarians, 87 343 respondents: 205 veterinarians, 138
veterinary technicians/assistants veterinary technicians/assistants 16




|deal Body Weight

Percent of Respondents

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

QOriginal Article jﬁ’ IS

Journal of Feline Medicine and Surgery

Assessment of body weight for age ©'he Auor) 2010
determination in kittens Sagepub.comfoumale permissions

DOI: 10.1177/1098612X19844846
journals sagepub.com/home/jfm

This paper was handled and processed
by the American Editorial Office (AAFP)
for publication in JFMS

Brian A DiGangi''~, Jessica Graves!, Christine M Budke?,
3 ®SAGE

Julie K Levy?, Sylvia Tucker® and Natalie Isaza'

18






Determination Energy Requirement

Veterinary professionals in Ontario, 2018 Survey

* Reference materials are most frequently used

Wellard et al, 2020, Unpublished

* 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

98% provide feeding
recommendation
80% performed energy
requirement assessment

Percent of respondents
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Maintenance Energy Requirements (MER

British Journal of Nutrition (2010), 103, 1083-1093 doi:10.1017/S0007 1 1450999290X
© The Authors 2009

Meta-analysis
Energy requirements of adult cats

- | : 2 -3 3
Emma N. Bermingham *, David G. Thomas~, Penelope J. Morris™ and Amanda J. Hawthorne
'Food, Metabolism and Microbiology Section, AgResearch Limited, Grasslands Research Centre, Tennent Drive, Palmerston North
4442, New Zealand
2Centre for Feline Nutrition, Massey University, Palmerston North 4442, New Zealand
3Waltham Centre for Pet Nutrition, Waltham on the Wolds LEI4 4RT, UK

* 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

450
400 | °
350 | o °

300
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100 |

Maintenance energy requirement (kcal/d)

EU 1 1 1 1
2 3 1 5 6 7

Body weight {(kg)

Fig. 1. Effect of body weight (BW) on the maintenance energy requirements
in domestic cats (©; —), compared with the predicted requirements from
the present study (— — —) and those predicted by the Mational Research
Council!® (......). Allomefric equations predicted from the present study were
56-2kcal/lkg BW °%® and 131-8 kcalkg BW °®* for light and normal cats
and heavy cats, respectively, in the present study. The corresponding predic-
tive equations from the National Research Council® were 100kcalkg
BW °%% and 130kcalkg BW °* for light and normal cats and heavy cats,
respectively.
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Metabolisable Energy (ME)

Table 5. Comparison of measured ME with ME calculated using Atwater and modified Atwater
equations, and resulting caloric surplus per day for 3 experimental diets differing in perceived glycemic

response (PGR) fed to cats. Traditional ME (kcal/kg)
=[4 x CP (%) + 4 x NFE (%) + 9 x crude fat (%)] x 10
Name HighPGR MediumPGR LowPGR
Measured ME, kcal/kg as fed 42592 4574 4787 € Modified ME (kcal/kg)
Calculated ME, kcal /kg as fed =[3.5 x CP (%) + 3.5 x NFE (%) + 8.5 x crude fat
Modified Atwater ! 3752 4081 4137 (%)] x 10
Traditional Atwater 2 4176 4505 4565
NRC 3 3778 4301 4413 NRC
Calorie surplus per day (kcal/day) 4 step calculation, that includes Crude Fibre
Modified Atwater 21.7 222 29.3
s i =2 = o Traditional Atwater
TR R Closest to measured ME
Modified Atwater Modified Atwater
s e Underestimation ~12 %
3= Within a row, means without a common superscript differ (p < 0.05). ! Calculated with modified Atwater equation NRC

(AAFCO, 1997): ME (kcal/kg) = 10 x (3.5 x Crude Protein % + 8.5 x Crude Fat % + 3.5 x Nitrogen-Free Extract %).
2 Calculated with traditional Atwater equation (Atwater, 1902): ME (kcal/kg) = 10 x (4 x Crude Protein % + 9 x
Crude Fat % + 4 x Nitrogen-Free Extract %). 3 Calculated using the NRC predictive equations (NRC, 2006): Step 1:
GE (kcal) = (5.7 x g protein) + (9.4 x g fat) + 4.1 x (g NFE + g fiber); Step 2: Percentage energy digestibility = 87.9 —
(0.88 x percentage crude fiber in dry matter); Step 3: DE (kcal/g) = (GE x percentage energy digestibility /100);
Step 4: ME (kcal/g) = DE — (0.77 x g protein). Asaro et al., 2017 22

Underestimation 8%




V X .,i\\_a‘_, -, ﬂu:_‘ \zq ’ ..4‘ _,.;.ﬂ r' Jdr[_\aiof
D ____ Animal Physiology and Animal Nutrition

DOI: 10.1111/j.1439-0396.2010.01063.x

ORIGINAL ARTICLE

Imprecision when using measuring cups to weigh out extruded
dry kibbled food

A.J. German', S. L. Holden', S. L. Mason', C. Bryner?, C. Bouldoires?, P. J. Morris®, M. Deboise* and
V. Biourge®

1 School of Veterinary Science, University of Liverpool, Neston, Wirral, UK,

2 Royal Canin (Schweiz) AG, Regensdorf, Switzerland,

3 The WALTHAM Centre for Pet Nutrition, Waltham-on-the-Wolds, Melton Mowbray, LE, UK, and
4 Royal Canin Research Center, Aimargues, France

©

OPEN ACCESS
PAPER

Dog owner’s accuracy measuring
different volumes of dry dog food
using three different

measuring devices

Jason B Coe,” ! Alexandra Rankovic,” ? Tara R Edwards,? Jacqueline M Parr® 24

€1 U0 BLESOLINIELL 0L S paysiiqnd suly :pJ

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

24
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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

PLOS ONE

RESEARCH ARTICLE

The daytime feeding frequency affects
appetite-regulating hormones, amino acids,
physical activity, and respiratory quotient, but
not energy expenditure, in adult cats fed
regimens for 21 days

Alexandra Camara', Adronie Verbrugghe', Cara Cargo-Froom?, Kylie Hogan?, Trevor
J. DeVries(»?, Andrea Sanchez’, Lindsay E. Robinson®, Anna K. Shoveller?*

1 Department of Clinical Studies, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada,
2 Centre for Nutrition Modelling, Department of Animal Biosciences, Ontario Agricultural College, University
of Guelph, Guelph, Ontario, Canada, 3 Department of Human Health and Nutritional Sciences, College of
Biological Sciences, University of Guelph, Guelph, Ontario, Canada

25
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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/kg®7>)
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/kg®%)

NRC, 2006

* Current or ideal body weight

OUTPUT

WEIGHT
STABILITY

27



Caloric Restriction

TOO MUCH TOO LITTLE

* Loss of lean body tissue (muscle)
e Essential nutrient deficiencies
* Hepatic lipidosis = Cats

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

28



Diet Choices

Over the counter diets Add low calorie human food Veterinary weight loss food

e Feed less current diet e Pumpkin, green beans e Formulated accounting for
e Light, low calorie, low fat e Dilute energy but also calorie restriction
e Formualted for maintenance nutrients

not for calorie restriction

29



Food Selection For Weight Loss

Grant et al. BMC Veterinary Research (2020) 16:426
https://doi.org/10.1186/512917-020-02649-0 BMC Veterina ry Research

Dietary intake of amino acids and vitamins ")
compared to NRC requirements in obese

cats undergoing energy restriction for

weight loss

Caitlin E. Grant', Anna K. Shoveller, Shauna Blois', Marica Bakovic?, Gabrielle Monteith" and
Adronie Verbrugghe'”

* 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



Food Selection For Weight Loss

German et al BMC Veterinary Research (2015) 11:253
DOl 10.1186/512917-015-0570-y

BMC
Veterinary Research

lll'l'-'«'r_:"{:f-'r}' (?N:"frﬁ'r{_l_' e @Tﬂylor&Francus
RESEARCH ARTICLE Dpe“ Access Vol. 32, Nos. 3-4, September-December 2012, 123-129 W27 Tuhesrrancs Grous
Assessing the adequacy of essential nutrient @
intake in obese dogs undergoing energy o o RESEARGHARTICLE
I’estl’iCtion for WEight |OSS: a COhOI’t StUdy “Il‘llr&‘[l.till. &‘m‘uut.um of f’l.‘sl\ 1!):llllTrlTlllllill ﬂt‘i-lt;llt‘llt} with tilll‘:l'l'lt rv?,trtttum u# rJu,-_'.s]
Deborah E. Linder®, Lisa M. Freeman™, Penelope Morris”, Alexander J. German®, Vincent Biourge®,
Alexander J. German'”, Shelley L. Holden'?, Samuel Serisier', Yann Queau’” and Vincent Biourge'” Cailin Heinze* and Lucille Alexander”
* Weight loss trial with VTD * Theoretical estimation of nutrient intake during
* Intake of majority of nutrients greater energy restriction 2 VTD and OTC diets
than NRC recommended allowance e All diets = at least one nutrient below NRC
e Some nutrients lower than NRC recommended allowance when restricted
recommended allowance minimally
« Total fat, tryptophan, methionine * Number of nutrients deficient increased with
and cysteine, magnesium; increased degree of restriction
potassium, seleniun, choline * Most common were selenium and choline

31



Food Selection For Weight Loss

Grant et al. BMC Veterinary Research (2020) 16:426
https://doi.org/10.1186/512917-020-02649-0 BMC Veterina ry Research

Dietary intake of amino acids and vitamins ")
compared to NRC requirements in obese

cats undergoing energy restriction for

weight loss

Caitlin E. Grant', Anna K. Shoveller, Shauna Blois', Marica Bakovic?, Gabrielle Monteith" and
Adronie Verbrugghe'”

* Weight loss trial with VTD

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

* Except argininej choline, ¢rude
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 tyrosing, choline



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
33
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Fatty Liver In Cats

Dietary fat
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Verbrugghe & Bakovic, 2013
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Choline Functions

PEMT

(Phospholipase pathway)
°

\/
*Acenyichol‘m

Ueland, 2011; Da Costa et al. 2006; Al-Humadi et al. 2012
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Lipotropic Effects Of Choline

Roles in fat metabolism
e Stimulating lipid transport
Liver — synthesis of phosphatidylcholine (PC)

— structural component very low-density lipoproteins (VLDL)

Duric et al. 2012; Rebouche & Seim 2002



Endogenous Dietary sources
production (Exogenous)
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Lipotropic Effects Of Choline

Roles in fat metabolism
e 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 - “I® PC and carnitine

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

Cell

Mito Mitochondrial matrix

Cgtosol

dria
Long-chal L:Carnitine Acyl-CoA
Acyl Co. A —
[B-oxidation
‘ CoA
AeyhCok
synthetase
@ o @ Acetyl-CoA ]
e_./ ) /K Krebs cycle
Acyl L:=Carnitine CoA Respiratory chain
b

Long- chaln
ute ATP
fattibacid = @menibrane inner membrane energy

Duric et al. 2012; Rebouche & Seim 2002
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Obese Adult Cats

N=12

5 weeks

Weight maintenance

2 extruded diets

e Control
AAFCO adult maintenance
458.7 mg choline/kg DM

e Control + Choline chloride
VitaCholine (Balchem)
1895.7 mg choline/kg DM

Verbrugghe et al. (Unpublished)

40



Body Weight (kg)

M_Mﬂ
Obese Adult Cats time gizj sz:

diet
diet x time 0.921 0.161

Body Weight (kg) Body Fat (%)

(Y]
B
(€]

8 40
7 35
6 30
S
5 = 25
L
4 5 20
o
o
3 15
2 10
1 5
0 0
Week 1 Week 2 Week 3 Week 4 Week 5 Baseline (d0) Endpoint (d35)
m Control m Choline H Control ™ Choline

Verbrugghe et al. (Unpublished)
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Serum Cholesterol (mmol/L)

(€]

S

w

N

[N

i lcoL TG |WoL

time 0.017* 0.260 0.077

Obese AdUlt Cats diet 0.634 0.799 0.679

diet x time 0.013* 0.038* 0.029*

Serum Cholesterol (mmol/L) Serum Triglycerides (mmol/L) Serum HDL Cholesterol (mmol/L)
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—————————————————————— ﬂl
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1
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B Control ® Choline B Control ™ Choline B Control M Choline

Verbrugghe et al. (Unpublished)
42



time 0.001* 0.260

Obese Adult Cats die

diet x time 0.014%* 0.038*

Serum LDL Cholesterol (mmol/L) Serum VLDL Cholesterol (mmol/L)
07 0.14 e ]
L | P=0.030
P < 0.001 ; -

0.6 0.12 !
= =
= 5
g 05 g 01
£ £
5 °
o 04 8 0.08
g ki
e o
S o3 S 006
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2 3
—E' >
S 0.2 g 0.04
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0.1 0.02

0 0
Baseline (d0) Endpoint (d35) Baseline (d0) Endpoint (d35)
B Control ® Choline B Control M Choline

Verbrugghe et al. (Unpublished)
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Obese Adult Cats

Adipose tissue

Choline

* Supplementation of choline in obese cats:
Assists in eliminating hepatic fat

- I lipolysis & mobilization

Sant and Anderson 2019
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Obese Adult Cats

Plasma Methionine (umol/L)  P-value __| Methionine |

120 time 0.010*
diet 0.190

100 diet xtime  0.005%*

80
60

40

Plasma Methionine (umol/L)

20

Baseline (d0) Endpoint (d35)

H Control M Choline

Verbrugghe et al. (Unpublished)
45



Obese Adult Cats

Vitamin
B12

Betaine

Homocysteine

.

Methionine

S-adenosyl
Methionine
(SAM)

S-adenosyl
Homocysteine
(SAH)

* Supplementation of choline in obese cats:

DNA
Methylation

May I methionine recycling

Sant and Anderson 2019



Kittens Post-Neutering

N=16
* 12 weeks post-gonadectomy
* DER for growth
e Extruded diet AAFCO growth
330 mg choline/kg DM
* Supplement
e Control
* Choline chloride
PetShure (Balchem)
300 mg choline/kgBW?9-7>

Godfrey et al. 2021, MSc thesis
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Kittens Post-Neutering

BODY WEIGHT (KG)
s
o B~ 01 01 N

w

—
o K
o O

(00)
o

FOOD INTAKE (G)
(o)
o

~
o

o 1 2 3 4 5

emmBase Diet eswCholine

6 7
WEEK

e=mBase Diet == Choline € Acclimation

8

9

9

10 11 12

10 11 12

Body Weight

Treatment: P=0.0209
Time: P<0.0001
Treatment*Time: P<0.0001

Food Intake

Treatment: P<0.0001
Time: P<0.0001
Treatment*Time: P<0.0001

Godfrey et al. 2021, MSc thesis
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Kittens Post-Neutering

1200
1000

600
400
200

0

MASS (G)

Godfrey et al. 2021, MSc thesis

Body Composition

P=0.0051

FMG

B Base Diet M Choline

P=0.4325

LMG

FMG = Fat Mass Gain
LMG = Lean Mass Gain
BMCG = Bone Mineral Content Gain

P=0.1040

1

BMCG

49



Kittens Post-Neutering

Satiety Hormones

T cower® | cowmoren | ||

Leptin (ng/mL) 4.04 328 032 377 350 034 0.946 0.141 0.467

ANl w8 1513  16.67 258 1419 1624 276 0.804 0.512 0.924
GLP-1 (ng/mL) 1.03 090 042  1.08 121 050 0.703 0.981 0.765
PYY (ng/mL) 2.48 156 051 1.71 236 0.61 0.983 0.810 0.179
GIP (ng/mL) 286.34 271.43 16.67 277.05 32826 17.84 0220 0.318 0.082

Godfrey et al. 2021, MSc thesis
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Kittens Post-Neutering

Indirect Calorimetry

| cHouNE(n=s contRoL(n7) | | |

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

Godfrey et al. 2021, MSc thesis
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Kittens Post-Neutering

Serum Lipids & Lipoproteins
| CHOLINE(n=8) |  CONTROL(n=7) | | |

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

Godfrey et al. 2021, MSc thesis
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Kittens Post-Neutering

Serum Metabolomics
NMR

*=Pime < 0.05
** = Pireatment < 0-05
*Ex = Pp <0.05

treatment x time

Godfrey et al. 2021, MSc thesis
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M)

Concentration (u

25

20

15

10

Kittens Post-Neutering

Choline

A
I ? B
'

Week -1 Week 12

_|w

W CHOLINE CONTROL

Godfrey et al. 2021, MSc thesis
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Betaine
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.é 400 A
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I:)Cholinezo'605 § 200 T - PChoIine_0'016
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0
Week -1 Week 12
B CHOLINE CONTROL
Methionine
B
A
[ A A
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Kittens Post-Neutering

Cystathionine/Glutathione
_..» Pathway —» a-ketoz)utyrate
Glucose Oxoglutarate .- g =
] ° @ Seringt-=-=-="" . Aspartate --- - Threonine
v & %
Bserine<-- G3P Isocitrate % % o THE
. Acetate-.. . Citrate ) % o
* .l . P ’
Pyruvate----» Acetyl -CoA ! '-, \ qcie Homoc*steme Touy
oW 4 m;:;: ] ¥ Serine |
» : Gl lOxaloaccitate :' tSarcosme «"?"‘wi SAH
Alanlne :tate yiero 5 :‘ mTHES .".YH; BHMT G/y:me E ?
: Malate ¢ #DOMG L
: A Succinyl CoA' g .7 ;
: : *s. #¥Betainé L SAM
Triglycerides Fumarate : ¢ Y.
... Suc cm ate holine Methionine

Godfrey et al. 2021, MSc thesis
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