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ABSTRACT

Food-seeking behaviors exhibited by cats duringghteloss programs are frustrating to owners. Two
categories of therapeutic weight loss diets ardlabla for cats: High Fiber (HF) and Low Carbohytdra
(LC). The objective of this study was to determiineat owners perceive a difference in satiety whiegir
cats are fed either a HF or LC diet during a weiglss regimen. Twenty-eight client-owned cats were
randomly assigned to either an HF or LC canned atelt fed to 80% of their ideal weight resting emerg
requirements. Cats were rechecked at 2, 4, 6 amee®s and food intake adjusted to maintain weigbs |
between 0.5-1% per week. Seventeen cats compleee®@-tveek weight loss study (HF = 10, LC = 7).
Owners completed behavior questionnaires at eatharid were blinded to food assignments. The tigb d
groups did not differ significantly by age, sexdgacondition score, caloric intake, or rate of weitpss
during the study. The two diets did not differ byrer response to questionnaire. In conclusion, osvne
perceived cats to be equally satiated during weag# regimens on both the HF and LC diets.

Keywords: Satiety, Low Carbohydrate, High Fiber, Weight Loss

1. INTRODUCTION the onset of hunger and can reduce the consumpfion
food at the next meal (Gerstathal., 2004). Reportedly
Data from the 1990s revealed that approximatelyaffecting satiety is the macronutrient compositimna
35% of adult cats in the United States were oveghtei meal, with protein being the most satiating andbfeihg
or obese and more recent data from New Zealandhe least satiating when fat contributes disprapoately
demonstrates a prevalence of cats with a Body @Gondi to energy density (Stubbst al., 2000). Satiety is
Score (BCS) greater than 6/9 of 27% (Cawval., 2012; reported to be higher in lean women when fed a high
Lund et al., 2005). Sixty-three percent of cats from the protein/high carbohydrate diet than those fed o tigg
latter study had a BCS of 6/9 or greater. Althougiight diet. The women also had higher diet-induced
loss programs for cats are easy to establish, égative ~ thermogenesis and a higher absolute increase in
behaviors exhibited by hungry cats can be one ef th metabolic rate during and after a meal while foilagv
largest hindrances to successful weight loss. Toere  the high protein/high carbohydrate diet (Westerterp
owner compliance is one of the most important fisciio Plantengat al., 1999). The investigators concluded from
achieving weight loss in cats. this study that consuming a diet with a higherctattent
Intra-meal satiety, is the process of feeling auid leads to decreased satiety and metabolic rate. tHawe
ending food consumption during the course of eating the presence of fat in the oral cavity and sma#stines
Inter-meal satiety, on the other hand, occurs after in humans is shown to delay gastric emptying, iasirey
food has been consumed. This type of satiety céayde the release of satiety hormones cholecystokinin,
Corresponding Author: Martha Cline, Department of Small Animal Clinicali&wes,
University of Tennessee, College of Veterinary Mad, Knoxville, TN, USA
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glucagon-like peptide 1 and peptide YY and supjimgss
the appetite-stimulating hormone ghrelin (Little dan
Feinle-Bisset, 2011). Therefore, weight loss ditat

carbohydrate and higher protein content levels tign
food. In a group-housed setting, cats on eitheove |
carbohydrate or high-fiber dry formulation lost glei

contain moderate to high levels of fat may increasewhen their feedings were time limited regardlessliet

satiety. Additionally, insoluble or soluble fibedded to

type, even when their energy intake was restritbetthe

the diets of humans can improve post-meal satiety,same degree (Michet al., 2005).

decrease hunger and have a greater satiety value

compared to digestible complex and simple carbattgdr
(Gersteiret al., 2004; Howartlet al., 2001).

Two studies looking at satiety related
macronutrient composition in dogs had similar fing
demonstrating that fiber increases satiety in dbgs
decreasing their voluntary food intake when offefad
libitum) a diet supplemented with fiber versus ao
fiber diet (Jewell and Toll, 1996; Jacksenal., 1997).
Another study in dogs found that the addition dhei
soluble or insoluble fiber to a diet formulated feeight
loss had no beneficial effect on satiety, as meakhy a

to

There are currently two main categories of
therapeutic feline weight loss diets available:sthohat
are high in fiber and reduced in fat and those dnatiow

in fiber and carbohydrates and moderately highain f
Little data is available comparing feline satiation
behaviors on different diet types during weightslos
With the current epidemic of feline obesity, itdstical
that veterinarians find ways to improve owner
compliance with weight loss programs. For this rgpo
the two extremes of commercially available, thetgige
weight loss diets, Low Carbohydrate (LC) and High
Fiber (HF), were compared to determine if ownens ca

challenge meal and or the perception of hunger agletect behavioral differences in cats on these deo

represented by behavioral characteristics (Buttgewi
and Markwell, 1997). This study differed from the
previously mentioned studies because the investigat
measured satiety in overweight dogs that were stdaje

to calorie restriction to induce weight loss. These

findings suggest that the effects of fiber on $atikiring
weight loss may be lost due to calorie restriction.
Another study found that dogs fed a diet both high
protein and fiber were more satiated than dogseftter
protein or fiber alone, as measured by voluntarydfo
intake during an energy-restricted meal (Webkeal.,
2008). These results suggest that with the additibn
high protein, a high fiber diet may retain its attig
effects in dogs. Lastly, in one study, satietyteda
metabolites (postprandial plasma glucose,
peptide YY, total Glucagon-Like Peptide-1 [GLP-Hda
total ghrelin concentration) and voluntary foodaks
were measured using two diets: a low-fermentabl® an
high-fermentable fiber diet (Bosc& al., 2009). The
dogs consuming the highly fermentable fiber died laa
lower voluntary food intake at the end of the stulyt
there were no differences in satiety-related méditabo
between the two groups, suggesting that the mesrhaior
satiety related to the highly fermentable fibaur&nown.

Little clinical data is available regarding
investigating diet composition on satiety in cats.

insulin,

types. We hypothesize that cat owners feeding an HF
canned food during weight loss would observe fewer
negative behaviors associated with weight loss than
owners feeding an LC canned food.

2. MATERIALSAND METHODS

2.1. Animals

This study was a randomized, single-blinded field
trial using client-owned healthy cats between thesaof
1-14 years with a Body Condition Score (BCS) of 6v9
greater. Cats were recruited from staff and stugdant
The University of Tennessee College of Veterinary
Medicine. Inclusion criteria for cats included imdo
only, spayed or neutered and willingness to eat an
exclusively canned diet. Any cats with known metabo
disease such as hyperthyroidism or diabetes meeltitu
with a history of polyuria/polydipsia or recent bt
loss were excluded. All experimental protocols were
approved by the university’s Institutional Animahi@
and Use Committee and the owners gave their infdrme
consent to participate in the study.

2.2. Diets

Cats were enrolled and randomized into one of two
treatment groups. Two commercial therapeutic diets

However, canned food reportedly decreases voluntarywere used that are marked for weight lo$sble 1).

energy intake and body weight in cats fed ad libitu

Cats were either fed an LC canned diet or an HRe&dn

when compared to a dry formulation with the same diet. The investigators were not blinded to thet die

nutrient composition (Weét al., 2001). These results
suggest that canned food may help promote weigi#t lo
in cats. Canned foods have higher water,
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groups. Labels of each of the cans were removétirtd
the owners to diet type; however, owners were aware

lower their cats were participating in a weight lossltria
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2.3. Protocol and Monitoring equation (BW,)*"**70xx0.8, where BW is body weight

At week 0, cats underwent physical examination, @1d 0.8 is life stage factor (NRC, 2006). Cats were
body weight measurement and BCS assessment. Ide&fndomly assigned either the LC or HF canned foutl a
body weight was estimated by two separate investiga recommendations were made to the owner on how much
by correlating body fat percentages to the curgepoint (0 feed. Owners were instructed to feed their taise
BCS system (Laflamme, 1997). Caloric needs for tieig daily- Owners filled out a complete diet historyrfoand
loss were estimated using ideal body weight wita th @ Paseline behavior questionnairBig 1a and b).

Table 1. Nutrient composition of study diéts

LC® HF

1227 733

78 78
kcals/kg
% Moisture (max) DM% g/100 kcal DM% g/100 kcal
Protein 53.38 11.07 37.5 12.3
Fat 32.87 6.82 9.2 3.0
Carbohydrate 451 0.94 31.3 10.2
Crude fiber 2.95 0.61 154 5.0

& All data from manufacturerd; Purina DM Feline Formula canned, Nestle-Purirta,L8uis, MO.% Hill's Prescription Diet r/d
Feline canned, Hill's Pet Nutrition, Topeka, KS

1)How well does yvour cat like the investigational food?
a. likes extremely

b. likes moderately

c. neither likes nor dislikes

d. dislikes moderately

e. completely rejects

2)How enthusiasticis vour cat when eating the investigational food?
a. extremely enthusiastic

b. moderately enthusiastic

c. somewhatenthusiastic

d. slightly enthusiastic

e. not at all enthusiastic

3)During a typicalmeal my cat:

a. eats all of the food offered (100%)

b. eats most ofthe food offered (about 75%)

c. eats about halfof the food offered (about 50%)

d. eats about Y4 ofthe food offered (about 25%)

e. frequently refuses to eat the food

4)How hungry do you perceive yourcat tobe?

a. never hungry

b. onlv hungrv as meal times approach

c. moderately hungryv throughout the day

d. extremelv hungrv throughout the dav

5)Describe vour cat’s qualitv oflife since starting this weight loss studv.
a. excellent

b. good

c. fair

d.poor

6) Overall. how pleased are vou withyourcat’s currentweight loss plan?
a. extremelv pleased

b. very pleased

c. neither please or displeased

d. slightly displeased

e. extremelyv displeased

(@)

///// Science Publications 220 AJAVS
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] Stood at the food bowl and begged

] Demanded more attention

] Rubbed body against vour legs
] More cuddly and affectionate
] Moreaggressive or agitated

] Paced around food bowl

] More vocalizing

] Stood where the food is stored and begged
] Reacted to sounds associated with feeding (i.e. opening door or can)
] Approached food bowl even ifno food is present

[
[
[
[
[
[ ] Attention seeking in the middle of the night or early morning
[
[
[
[
[
[

] Seeking food (stealing food or foraging)

(b)

Fig. 1. (a) Behavior questionnaire-multiple choice questifi) Behavior questionnaire-negative behavior clietck

Cats were re-examined at weeks 2, 4, 6 and 8. At

Pearson correlation was used to determine the

these rechecks, body weight and BCS were assended arelationship between the mean positivity score Hrel

rate of weight loss was calculated. If the ratevefght

total number of negative behaviors with age, weight

loss was <0.5% or >1% body weight per week, then th BCS, total percent weight lost per week, amountaed

food dose was adjusted to maintain a weight logs ra

calorie intake. The p value for statistical sigrafice was

between 0.5-1% of body weight per week. A behavior Set at 0.05 for all correlations. The effect of sexthe
guestionnaire was filled out by the owners at eachMéan positivity score and total number of negative

recheck appointment.
2.4. Statistical Analysis

Statistical tests were performed using two diffiére
computer-based statistical software programs. ltiogis
regressions, plots and t tests were run with SR&Sion
19 (IBM, Armonk, NY). The ANOVA, ANCOVA and
correlations tests were run using SAS, version(SAS
Institute Inc., Cary, NY).

behaviors was compared using an independent samples
equal variances t test. The effect of diet on theam
positivity score was also compared using an indépen
samples, equal variances t test. An ANOVA was ueed
evaluate the effect of diet on the number of negati
behaviors observed by the owners during the study
period. A univariate ANCOVA was used to test foramne
differences in total percent weight lost per wegkdiet
group with the number of weeks completed in thestu
used as a covariate. The normality assumption for

Responses to multiple choice questions concerningANOVA was tested using the Shapiro-Wilk test. The

the likability of the assigned diet and perceivediety
were on a 5- or 4-point ordinal scale that rangeanf
less (1) to more (4 or 5) positive. Numeric valdes

equality of variance assumption was tested with the
Levene’s test. Due to the total number of meants tes
performed, the Bonferroni corrected alpha was 0.003

these questions were averaged to obtain a mean

positivity response to the set. For the negativieabior

checklist, the occurrence of behaviors was summed t

obtain a total count on the number of negative Biehs
for each animal in each week.

Because the actual range of responses rarely,,
included D or E and almost always included either A

or B, the original values of the multiple choice
guestions were collapsed to A (most positive cotled

3.RESULTS
3.1. Study Animals

A total of 28 cats were recruited into the study.
e of the cats were rejected during the initial
screening session. The cats were randomized irgo th
two treatment groups: 14 in the LC and 14 in the HF
group. Seventeen cats completed the full 8-weekystt

and not A (less positive coded 0) for use in binary from the LC group (50%) and 10 from the HF group

logistic regression.

A backward selection method (71%). The reasons for study removal included diet

based on the Wald statistic was used to evaluatgefusal (LC = 4, HF = 3), development of systemic

predictive models for these questions. The prdigbi
for removal from the model was 0.05. Predictorslin

illness (LC = 1) and lack of owner compliance (L=
HF = 1). Data from 23 cats (LC, n = 12; HF, n =v&re

logistic regression models were sex, age, weight,included in the analysis, excluding those who caigul

amount fed, caloric intake and diet.
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less than 4 weeks of the study.
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Table 2. Population characteristics baseline and durindysftidenotes significance p<0.05)

Baseline characteristics

LC (n=12) HF (n=9) p-value
Age (yrs) 5.33+3.892 4.67+4.00 0.71
BCS 7.75+0.965 7.63+0.92 0.78
Gender 0.99
Male, neutered 9 7
Female, spayed 3 2
Body weight 12.04+1.97 11.97+0.90 0.92
Pre-diet food type 0.02*
Dry 11 (92%) 5 (56%)
Canned 0 4 (44%)
Dry/canned 1 (8%) 0
Characteristics during study
Amount fed 1.05+0.22 1.55+0.17 <0.001*
Calorie intake 200.23+41.46 177.33+£19 0.14
Average rate of weight loss per week 1.08+0.42 A00FL 0.20
Average weeks of completion 6.92+1.55 7.80+0.63 10.1

#/alues are mean + SD

Table 3. Mean positivity scores to multiple choice questiéns
5 by diet group by week

Week Diet type Mean (SD) p value
2 LC 3.82 (0.80) 0.37
HF 4.09 (0.41)
4 LC 4.07 (0.33) 0.08
HF 4.31 (0.23)
6 LC 4.10 (0.24) 0.43
HF 4.20 (0.30)
8 LC 4.17 (0.18) 0.59
HF 4.22 (0.19)

The LC and HF groups did not differ significantly b
age, gender, BCS, or body weigiitable 2). The calorie
intake, average rate of weight loss per week amdbau
of weeks completed also did not differ between gsou
(Table 2). The groups did differ significantly (p = 0.021)
by their diet type prior to enrollment in the stualyd the

3.3. Mean Positivity Scores

The mean positivity scores (average response to
individual questions) for question 1-5 did not diff
between the LC and HF diets at any time pairah{e 3).
Sex, weight, BCS, total percent weight lost per kyee
amount fed and calorie intake did not significantly
correlate with the mean positivity scores at anyeti
point. However, age correlated positively with thean
positivity at week 6 (r = 0.71, p = 0.03) and wéel =
0.57, p = 0.02).

The mean for question 6 (owner satisfaction whith t
weight loss plan) did not differ between the LC aitig
diets at any time point (week 2, p = 0.63; weelp4;
0.51; week 6, p = 0.82, week 8, p = 0.04). Age was
negatively correlated with question 6 at weeks 2 @
0.59, p = 0.005) and 4 (r = -0.64, p = 0.003). Adge

amount of amount of food fed before and during the weeks 6 and 8, weight, BCS, total percent weigsit rer

study (p<0.001)Table 2).
3.2. Logistic Regression

No significant predictors were found for responses

to questions 1 and 3-6. Calorie intake was a Samt
predictor of the response to question 2: How eridistis
is your cat when eating the investigational food?=(
0.03). For each one unit decrease in calorie intdie
likelihood of the response to question 2 being rextely
enthusiastic” increased approximately 4% (odds ratoe;
regression coefficient, -0.04). There was no @fetip
between calorie intake, the response to questiamd2diet
(p = 0.99). Neither were there significant preditior the
negative behaviors on the checklist.

////// Science Publications
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week, amount fed, or calorie intake are not linearl
correlated with question 6.

3.4. Negative Behavior Checklist Scores

The negative behavior checklist scores (total remrmb
of negative behaviors) did not differ between ti@dnd
HF diets at any time poinfr@ble 4). Age, BCS, total
percent weight lost per week, amount fed and aalori
intake did not significantly correlate with the tige
behavior checklist score at any time point. Howgver
there was a significant positive linear relatiopshi
between weight and total number of negative bemavio
by week in weeks 2-6 (week 2, p = 0.04; week 4, p =
0.02; week 6, p = 0.05).
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Table4. Mean score values of negative behavioral cheddist
diet group by week

Week Diet type Mean (SD) p value

2 LC 5.25 (3.19) 0.36
HF 4.11 (2.03)

4 LC 5.27 (3.16) 0.90
HF 5.11 (2.21)

6 LC 5.80 (3.71) 0.72
HF 5.22 (3.19)

8 LC 6.00 (3.79) 0.95
HF 6.11 (2.85)

This trend appears to be linear in week 8, howeiver
correlation is not significant (p 0.09). The mean
number of total negative behaviors did not diffgrdex

at any time point (week 2, p = 0.97; week 4, p #10.
week 6, p = 0.49; week 8, p = 0.51).

centric question 1-5, did not differ by diet groignth
diets had similar acceptance rates and palatability
related question scores. Additional factors thatild¢o
influence owner satisfaction include fecal volume o
characteristics unrelated to diet composition, sash
smell and texture. Although our study did not
specifically address these factors, we could fir@ n
difference between the study groups.

Approximately 39% of the cats did not complete the
full eight weeks of the study period (LC = 50% daiid =
29%). The largest reason for study removal (25%)
included diet refusal (LC = 4, HF = 3). We attentbte
screen owners prior to study enrollment for catat th
would accept canned food. The majority of cat comes
dry food prior to enrollment and it is likely that
palatability and changes in texture contributeddiet

The total percent weight loss per week was refusal. Although our study removal rates wereedéfht,

negatively correlated with weeks completed in thuely
(r = -0.65, p = 0.001). The total percent weigtssiger

the average number of weeks completed by each group
was not statistically different. The second mosthown

week was not correlated with age or BCS. The totalreason for study removal included lack of owner

percent weight loss per week by diet groups wasshelj

for the number of weeks completed in the study. The

compliance, although the removal rate was only 11%.
Despite randomization, more cats in the LC group

number of weeks completed in the study was awere fed dry diets prior to study enrollment thatscn

significant covariate for the total percent weilgigs per
week (p<0.001). The mean total percent weight pest
week did not differ by diet groups (p = 0.195). A
significant correlation existed between the numbér
weeks completed and the mean total percent weigit |
per week in the LC group (r = -0.81, p = 0.001) bat
the HF group (r = -0.25, p = 0.49).

4. DISCUSSION

Feline obesity is common in veterinary practice.
Weight loss requires increased energy expenditur
coupled with energy restriction. Indoor cats oftead
sedentary lifestyles and energy restriction is @nstay

the HF group. It has been reported that canned diet
more satiating than dry diets (Waial., 2001). Ideally,
this would have been balanced between groups, but w
did not feel this impacted the results of our stgiyen

the similar mean number of weeks completed in each
study group and the similar removal rate for dédtisal.

There was no difference in owner-reported

behaviors associated with satiety in the two dieups.
The rate of weight loss increased as the numbesreks
completed decreased in the LC group. This suggleats
cats not completing the full 8-week weight lossiqer

®had a higher rate of weight loss in the LC group.

Although the two diet groups had similar mean
completion rates and overall rates of weight Iabs,

of weight loss. However, owners are often frusttate pigher rate of weight loss in cats not completing tull
therefore, Compliance is difficult. F|nd|ng dietal’y LC group dropping out between the 4-6-week periods
strategies to promote satiety and minimize unwanted(LC = 5, HF = 1) than cats in the HF group becausee

behaviors in cats should lead to more successfighte
loss therapy. This study evaluated cat owners’ vidgw
hunger behaviors in their cats that were fed eitimet.C
or HF therapeutic weight loss diet.

The results of this study show that cat owners in

both groups were overall pleased with their catsight
loss programs. At no time point did we find thae th
owners were more satisfied with the LC diet thae th

cats from the HF group were excluded during the 0-2
week period (LC = 2, HF = 3). The majority of cdtepped
out due to refusal to consume the food, which yilako
contributed to their increased rate of weight loss.

Protein is the macronutrient most associated with
satiety and the two diets had similar protein level
Fiber is also associated with satiety in humans and
dogs, as it delays gastric emptying and stimulates

HF diet as indicated by question 6. Answers for catstretch receptors within the stomach. The HF diat w
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less calorically dense than the LC diet. Cats wWetk Butterwick, R.F. and P.J. Markwell, 1997. Effect of
on average, 1.5 cans per day of the HF diet condptare amount and type of dietary fiber on food intake in
1 can per day of the LC diet. Therefore, we were energy-restricted dogs. Am. J. Vet. Res., 58: 272-
surprised to discover that cats had similar behravio 276. PMID: 9055973

patterns on both diets. However, the LC diet ishbig  Cave, N.J., F.J. Allan, S.L. Schokkenbroek, C.A.M.

in fat, which is reported to increase the releate 0  Metekohy and D.U. Pfeiffer, 2012. A cross-sectional
gastrointestinal satiety hormones and delay gastric  study to compare changes in the prevalence and risk
emptying (Little and Feinle-Bisset, 2011). factors for feline obesity between 1993 and 2007 in
Since no difference was detected between the diets New Zealand. Preventive Vet. Med., 107: 121-133.
in regards to satiety-related behaviors and owmnene DOI: 10.1016/j.prevetmed.2012.05.006
generally satisfied with the weight loss plan, tigh  Gerstein, D.E., G. Woodward-Lopez, A.E. Evans, K.
levels of protein in both diets probably improvediety. It Kelsey and A. Drewnowski, 2004. Clarifying
would have been interesting to include a negatorerol concepts about macronutrients’ effects on satiation
group with a diet lower in protein. Ideally, wheontparing and satiety. J. Am. Dietetic Assoc., 104: 1151-1153
two diets, it is desirable to have the diets vanohly the PMID: 15215775

nutrients of interest, in this case the carbohgd(éiber) Howarth, N.C., E. Saltzman and S.B. Roberts, 2001.
content. However, one of the main goals of theystak to Dietary fiber and weight regulation. Nutr. Rev.,; 59

provide vete_zrinarian_s with a clinically relevantngoarison 129-139. PMID: 11396693
of commercially available diets. Jackson, J.R., D.P. Laflamme and S.F. Owens, 1997.
Effects of dietary fiber content on satiety in dogs
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