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Abstract

Objectives One identified solution to prevent obesity in cats is to control and limit their calorie intake. The objective
of the present work was to better elucidate the impact of calorie cut-off on the feeding behaviour of cats.
Methods A control (n = 31) and a test group of cats (n = 38) were included in the present study. Both groups
received the same food variety during the study. A period of ad libitum feeding was initially set (T0), followed by
a 9-month mild calorie restriction period for the test group only (T9; average calorie restriction = 6%), and a final
period of ad libitum feeding (T10). The individual cat feeding behaviours were measured via an electronic feeding
system, and agonistic interactions between cats during food anticipation via video observations. Generalised linear
mixed models were fitted to compare all feeding parameters between periods by group. No statistical analyses
could be performed on the agonistic interactions data owing to their structure.
Results The feeding behaviour of the control group remained stable during the entire study, while the test group
showed fewer but larger meals taken at shorter time intervals and a faster eating rate in response to calorie restriction.
The average total number of agonistic interactions per cat increased during the calorie cut-off period in the test
group only. One month after returning to ad libitum feeding, all behaviours were largely restored to baseline values.
Conclusions and relevance Behavioural changes expressed by cats under calorie restriction can explain some
of the difficulties obtaining cat owners’ compliance with dietary restriction, especially in multi-cat households.
Feeding strategies should be utilised to help cats be less impulsive and maintain normal feeding patterns when
moving away from ad libitum feeding.
Keywords: Feeding patterns; calorie restriction; obesity management; ad libitum feeding
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Introduction
Obesity and its associated health issues in pet populations are a growing concern worldwide, including for
cats.1–4 The percentage of overweight or obese cats was
recently estimated to be between 22% and 52%, depending on the study and country,5–10 and even reached 60%
in the USA in 2017.10
An intuitive and widely used solution to prevent
obesity is to control and limit calorie intake, usually in
association with increased activity, but it can be difficult
to ensure owners’ commitment to weight loss programmes. Several studies have assessed the success of
such methods on weight loss and the impact of various
factors linked to diet type, rate of weight loss or sex,
among others.11 However, to date, little is known about

how much of an effect calorie restriction has on the
feeding patterns of cats per se, despite the fact that such
possible changes in behaviours could explain some
of the difficulties experienced when getting cat owners
to comply with calorie restriction.
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Thus, the objective of the present work was to better
elucidate the impact of calorie cut-off on individual cat
feeding behaviours, as well as on interactions between
cats during food anticipation.

Materials and methods
Cats
Eighty domestic shorthair cats were assigned to two
groups of 40 cats each, and were balanced for sex, age,
weight and body condition score (BCS). Several cats
were removed before the start of the study following
a failure to adjust to their social group, and others had
missing data owing to veterinary care that they needed
during the study. Only cats with complete data were
included in the analyses, resulting in final groups consisting of 31 cats in the control group (age 7.5 ± 4.1 years;
weight 4.4 ± 0.8 kg; BCS 5.7 ± 0.8/9; 58% of BCS >5/9)
and 38 cats in the test group (age 8.3 ± 4.0 years; weight
4.2 ± 0.9 kg; BCS 5.3 ± 0.8/9; 34% of BCS >5/9).
The cats were group housed in an enriched environment. They had controlled individual food access via an
electronic feeding system and ad libitum water access.
Each group was physically separated into two different
rooms, resulting in a total of four rooms. The study
protocol was approved by the French government
(Préfecture de la Somme, authorization number B
80-021-007).
Treatment
Food The control and test groups received exactly the
same variety of standard commercial maintenance foods
presented according to an identical schedule over the
entire study. Each day, cats received wet food in the
morning (first serving) and dry food for the rest of the
day and overnight (second serving). They also very
occasionally received treats.
Calorie cut-off A calorie cut-off was applied to the test
group only via an electronic feeding system for 9 months.
Once cats in this group had consumed their permitted
ration, they could no longer access the feeders. Individual
rations were established to meet the cat’s maintenance
energy requirement based on the following formula:
maintenance caloric intake = 60 × body weight (kg) ×
allometric factor. Rations were adjusted monthly based
on the cats’ last weight measured, in order to maintain
their ideal body weight or trigger a progressive weight
loss no greater than 2% of body weight per week. The
resulting average calorie restriction applied to the overweight cats of the test group (BCS >5/9) was 6%, corresponding to a mild restriction.
The calorie cut-off was initially set up as a calorie
allowance for the entire day. However, cats then rapidly
switched their original spontaneous 30/70 calorie intake
ratio from the first (ie, wet food) and second serving (ie,
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dry food) to having the majority of their calorie intake in
the first serving (ie, 70/30). This led to reduced access to
the dry food for the rest of the day and overnight. The
calorie allowance method was thus changed so that cats
were allowed a maximum of 50% of their daily energy
allowance from the morning wet food.
Data collection periods The feeding patterns and behav-

iour of both groups were assessed before the start of the
treatment, 9 months after the start of the calorie restriction
and, finally, 1 month after the end of the calorie restriction:
reference test periods T0 (ad libitum), T + 9 months (T9;
restriction) and T + 10 months (T10; ad libitum).
The foods offered during the reference test periods were
always the same commercial diets offered and followed the
same schedule. These included different wet products
(n = 6), dry (n = 6) and treat products (n = 2). Treats are not
presented in the following results because the reference
data were missing following a technical issue.
Recorded data
The BCS and body weight of each cat were measured
monthly over the entire study, except during the final ad
libitum period (T10) when weighing was done on a weekly
basis. The BCS scoring was always done by the same
trained person who was blind to the treatments of
the cats.
The feeding patterns of the cats were automatically
measured during each reference test period using an
electronic feeding system (see the tables referred to in
the ‘Results’ section for the complete list of feeding
parameters recorded).
The agonistic interactions, including physical contact,
as well as avoidance, were recorded during 3 mins of
food anticipation before the first meal of the day (ie, wet
food) based on videos. Two days of video were collected
for each group and each reference test period.
Statistical analyses
Generalised linear mixed models were fitted to account
for the correlated data (ie, the same cat participated in
the test multiple times) to compare all feeding parameters between periods by group. A linear mixed model
was also used to assess the weight evolution of the cats,
treating time as continuous and including the time–BCS
category interaction. No statistical analyses could be
performed on the agonistic interactions data owing to
the data structure. P values <0.05 were considered to be
significant, and as showing a trend if they were between
0.05 and 0.1. All statistical analyses were performed in
R 3.5.212 and SAS 9.4 (SAS Institute).
Results of feeding patterns and agonistic interactions
are presented for the test group as a whole. Indeed, nonoverweight cats of the test group showed significant
changes in their feeding patterns between T0 and T9 in
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Table 1 Evolution of the weight of originally overweight cats (body condition score [BCS] >5/9) for the control and test
groups over the calorie cut-off period
BCS category

Weight/month (%)

g/day

SEM

Df

t ratio

P value

Overweight control (n = 18)
Overweight test (n = 13)

0.11
−0.95

0.23
−1.35

0.27
0.32

1308
1308

0.86
−4.22

0.39
<0.01

Df = degrees of freedom

Table 2 Evolution of the feeding patterns of the control and test groups with wet food between T0, when there was no
calorie restriction for any group, and the end of the calorie cut-off period for the test group (T + 9 months [T9])
Wet food feeding parameters

Total number of meals
Total consumption (g)
Total consumption duration (mins)
Average meal duration (mins)
Average time between meals (mins)
Average eating rate (g/mins)
Average consumption per meal (g)
Latency to start the first meal (mins)
First meal total consumption (g)
First meal duration (mins)
First meal eating rate (g/mins)
Interval between first and second meals (mins)

T0

T9

Evolution T0 to T9

Control

Test

Control

Test

Control

Test

3
94
8
3
32
12
38
4
57
4
13
24

3
92
9
4
32
10
39
3
59
5
11
25

3
95
10
3
31
11
35
3
54
5
12
23

2
133
11
6
20
14
84
1
105
8
15
16

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

↘t
↗
NS
↗
↘
↗
↗
NS
↗
↗
↗
↘

Bold arrow = significant evolution (P <0.05); non-bold arrow + t = statistical trend (0.05 ⩽ P ⩽ 0.1); NS = no significant evolution (P >0.1)

response to the end of ad libitum feeding that were similar to those seen in overweight calorie-restricted cats.

at T9 but regaining some weight at T10 without changing BCS category.

Results

Feeding patterns
No significant change was observed in the feeding patterns of the cats in the control group over the study
period for any food type. The feeding patterns of the cats
in the test group were affected by the calorie cut-off
period for both wet (Table 2) and dry products (Table 3).
When consuming wet products, cats in the test group
displayed fewer (statistical trend) but larger and longer
meals (including the first meal). An overall increased consumption was observed, as well as a faster intake (first
meal and overall) and a shorter interval between meals
(between the first and second meal, and on average).
When consuming dry products, cats in the test group
consumed, on average, significantly fewer meals and
had a lower overall intake. However, they started their
first meal sooner, had larger meals and a faster intake
(first meal and overall for both). The interval between
meals also decreased (between the first and second meal,
and on average).
One month after the end of the calorie cut-off period,
the feeding patterns of the cats in the test group reverted
to levels close to their initial T0 behaviours (Table 4). The

Weight and BCS
Weight loss was considered as the relative weight loss,
which is the percentage of weight loss relative to the
original T0 weight. Overweight cats (BCS >5/9) in the
test group significantly lost weight over the 9 months
study duration while those in the control group did not
(Table 1).
After 1 month of having returned to ad libitum food
access, the average weight of the cats in the test group
stabilised back to its initial value: 4.2 kg at T0, 4.0 kg at
T9 and 4.2 kg at T10.
The percentage of overweight cats (BCS >5/9) in the
test group was lower than the initial value after the
9-month calorie cut-off period and also after 1 month
of having returned to ad libitum food access: 34% at T0,
11% at T9 and 13% at T10.
The weight of the test group cats at T10 was similar to
T0, but there were fewer overweight cats. This partly
resulted from some initially non-overweight cats putting
on weight during the study without increasing BCS, and
some initially overweight cats becoming non-overweight
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Table 3 Evolution of the feeding patterns of the control and test groups with dry food between T0, when there was no
calorie restriction for any group, and the end of the calorie cut-off period for the test group (T + 9 months [T9])
Dry food feeding parameters

T0

Total number of meals
Total consumption (g)
Total consumption duration (mins)
Average meal duration (mins)
Average time between meals (mins)
Average eating rate (g/mins)
Average consumption per meal (g)
Latency to start the first meal (mins)
First meal total consumption (g)
First meal duration (mins)
First meal eating rate (g/mins)
Interval between first and second meals (mins)

T9

Evolution T0 to T9

Control

Test

Control

Test

Control

Test

7
49
11
2
189
5
7
115
8
2
5
172

7
47
13
2
183
5
7
98
8
2
5
161

7
47
11
2
196
4
7
117
8
2
5
147

3
33
7
3
122
6
14
24
18
3
6
94

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

↘
↘
NS
NS
↘
↗
↗
↘
↗
NS
NS
↘

Bold arrow = significant evolution (P <0.05); NS = no significant evolution (P >0.1)

Table 4 Comparison of the feeding patterns of the test group with wet and dry foods between the initial (T0) and final
(T + 10 months [T10]) ad libitum periods of the study
Feeding parameters

Wet food

Total number of meals
Total consumption (g)
Total consumption duration (mins)
Average meal duration (mins)
Average time between meals (mins)
Average eating rate (g/mins)
Average consumption per meal (g)
Latency to start the first meal (mins)
First meal total consumption (g)
First meal duration (mins)
First meal eating rate (g/mins)
Interval between first and second meals (mins)

Dry food

T0

T10

P value

T0

T10

P value

3
92
9
4
32
10
39
3
59
5
11
25

3
85
10
4
30
10
36
3
53
6
11
25

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

7
47
13
2
183
5
7
98
8
2
5
161

7
54
33
5
179
4
7
76
9
6
5
128

NS
↗
↗
↗
NS
↘
NS
NS
NS
↗
NS
↘

Bold arrow = significant evolution (P <0.05); NS = no significant evolution (P >0.1)

Table 5 Average number of agonistic behaviours per cat in the 3 mins preceding the first meal of the day for the control
and test groups over the study period: when there was no calorie restriction for any group (T0), at the end of the calorie
cut-off period for the test group (T + 9 months [T9]) and 1 month after the end of the calorie cut-off (T + 10 months [T10])
T0

Avoidance
Contact
Total

T9

T10

Control

Test

Control

Test

Control

Test

0.34
0.17
0.51

0.27
0.27
0.54

0.20
0.13
0.33

0.27
0.39
0.66

0.17
0.04
0.21

0.29
0.19
0.48

Ligout et al
only significant differences observed compared with the
original behaviour levels were a longer intake duration
(first meal, total and average) and a smaller time interval
between the first and second meal, associated with a
slower but larger overall consumption of dry foods.
Agonistic interactions
The average total number of agonistic interactions per
cat increased during the calorie cut-off period and
decreased once cats were back to ad libitum feeding
(T10) in the test group only (Table 5). The increase was
driven by a rise in physical contact while the frequency
of avoidance events did not change.

Discussion
Feeding patterns
Restricting the calorie intake of cats led to dramatic
changes in normal feeding behaviour, resulting in fewer
and larger meals, a shorter interval between meals, as
well as faster eating rates.
The vast majority of the measured behaviours reflecting the feeding patterns of the cats were significantly
affected by the calorie cut-off for both the first (ie, wet
food) and second (ie, dry food) serving of the day. In addition, the test group showed a switch in whether the greater
calorie intake ratio came from the first or the second serving of the day, with the original T0 30/70 ratio changing to
70/30 a few weeks after the initial daily calorie cut-off was
put in place, suggesting that the cats became more impulsive. The change then applied in the calorie cut-off method
led to an average balanced ratio where test group cats
consumed half of their calorie intake from the first serving
of the day (ie, wet food) and half from the second one (ie,
dry food). This explains the observed increase in total consumption for wet food and decrease for dry food between
the ad libitum T0 and restricted T9 periods.
The natural feeding pattern of the cats is an ad libitum
meal patterning spread throughout the 24 h of the day, as
described by several authors.13,14 The mild calorie cut-off
applied in the present study resulted in cats coming to the
bowl faster (for the second serving of the day only; ie, dry
food), taking fewer but larger meals (that were also longer
for wet food only) and eating much faster. This aligns
with the behaviours observed in a previous study where
cats’ access to food was restricted for 12 h, then to 8 h and
then to 4 h, without decreasing the food quantity offered.15
If such a method did allow a reduction in the cats’ weight
at the beginning, cats rapidly adjusted their behaviours
and ended up consuming more food within the 4 h period
than they had done in the 12 h period, showing that limiting the duration of food access led to overeating. In our
study, the feeding patterns observed may be linked to an
increase in food motivation/hunger when restricted.16
The longer meal duration could also be a strategy by the
cats to stay at the feeder and avoid the risk of not having
access again if they went out and came back later on.

5
Additional direct observation of the cats in the test
group during the wet food meal showed that the faster
eating rate was obvious for several of them, and resulted
in bigger bites and less mastication than cats in the control group. Such feeding behaviour may affect the digestion process of the food, especially as the average meal
size was at least twice as large in the test group as in the
control group. This may also lead to nutritional/physiological impacts, but these were not measured.
One month after being back to ad libitum food access,
the alteration of the feeding patterns were largely restored
to baseline, showing that cats are able to readjust their
behaviours back to normal after a calorie cut-off without
long-term detrimental effects.
Agonistic interactions
Restricting the calorie intake of cats led to an increase
in agonistic interactions (ie, fights) during meal anticipation vs their initial level in the test group; this was absent
in the control group. The level of agonistic interactions
in the test group went back to below its initial value once
the cats were back to ad libitum feeding. Thus, the calorie cut-off likely resulted in cats in the test group being
more food motivated, as also shown by the feeding patterns discussed previously, which created tensions and
increased aggressiveness between individuals before the
meal. This could result from frustration and relate to the
‘irritability aggression’ described by some authors.17,18
Such a relationship between food restriction and increased
feeding motivation reflecting hunger and possible welfare impacts to have already been reported.16
Agonistic interactions are known to possibly happen
in cats around the food bowl.19 In our study, the increase
of such occurrences was not associated with a subsequent increase in veterinary care. One may thus consider that the calorie cut-off used in this study did not
have a significant detrimental effect on the cats’ physical welfare.

Conclusions
Taken altogether, the results of this study illustrate that
even a mild dietary restriction can strongly affect cats’
feeding behaviours, including cat–cat interactions during food anticipation, and may account for some of the
difficulties experienced when getting cat owners to
comply with calorie restriction, especially in multi-cat
households. In addition, it could be expected that the
changes we observed in feeding behaviours would be
associated with a greater occurrence of food begging in
the home environment, especially at or near scheduled
meal times, as suggested by the shorter latency to first
meal observed.
Feeding strategies can be utilised to help cats maintain normal feeding patterns while on calorie restriction.
Possible solutions include feeding cats separately in
multi-cat households, dividing the total ration into
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multiple small meals over the course of the day (eg, with
the use of automated feeders), using puzzle feeders that
slow down eating while providing activity and stimulation, and offering foods that require more effort and thus
take more time to be eaten.
The present data also indicate that nutritional strategies
that rely less on calorie restriction (eg, foods favouring
satiety) are of major importance for weight management.
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