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Changes in body composition during weight loss in
obese client-owned cats: loss of lean tissue mass
correlates with overall percentage of weight lost
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Obesity is one of the most common medical diseases in cats, but there remains
little information on success of weight loss regimes in obese client-owned cats.
No information currently exists on body composition changes during weight
loss in clinical cases. Twelve obese client-owned cats undertook a weight loss
programme incorporating a high-protein low fat diet. Body composition was
quantified by dual-energy X-ray absorptiometry, before and after weight loss.
Mean (�standard deviation) weight loss was 27� 6.8% of starting weight, and
mean rate of weight loss was 0.8� 0.32% per week. Mean energy allocation
during weight loss was 32� 7.0 kcal/kg target weight. Mean composition of
tissue lost was 86:13:1 (fat:lean:bone mineral). The proportion of lean tissue loss
was positively associated with overall percentage of weight loss (simple linear
regression, r2¼ 44.2%, P¼ 0.026). Conventional weight loss programmes
produce safe weight loss, but lean tissue loss is an inevitable consequence in cats
that lose significant proportions of their starting body weight.
Date accepted: 27 February 2008 � 2008 ESFM and AAFP. Published by Elsevier Ltd. All rights reserved.
O
besity is defined as an accumulation of
excessive amounts of body fat, and is
common in cats with prevalence re-

ported to be between 22 and 50% (Sloth 1992,
Robertson 1999, Russell et al 2000, Harper et al
2001, Lund et al 2005). Given that overweight
cats are predisposed to a variety of associated
diseases (Lund et al 2005, German 2006) treat-
ment is important. Pharmaceutical interventions
are now available for the treatment of canine
obesity (Wren et al 2007), but conventional obe-
sity management, involving dietary energy
restriction and increasing activity levels, remains
the treatment of choice for cats. A number of
research studies have examined the success of
weight loss in cats (Butterwick et al 1994, Butter-
wick and Markwell 1996, Nguyen et al 2004,
Laflamme and Hannah 2005, Michel et al 2005),
but such data may not be fully representative
of weight loss in a practice setting, where the
variables are less controlled than in a colony
environment.
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Ideally, adipose tissue alone is lost during
weight loss, whilst lean tissue and bone mineral
are preserved. A previous study in cats demon-
strated that lean tissue loss is directly propor-
tional both to the degree of caloric energy
restriction and to the rate of weight loss (Butter-
wick and Markwell 1996). This is similar to find-
ings in humans (Forbes 1987, Prentice et al 1991)
whilst a recent study in dogs has demonstrated
that lean tissue loss is proportional to the overall
percentage of weight lost (German et al 2007).
Further, work in both dogs and cats has shown
dietary composition (eg, high-protein diet) to
be important in the relative amounts of the vari-
ous body tissues which are lost (Diez et al 2002,
Nguyen et al 2004, Laflamme and Hannah
2005). However, to date, all studies have been ex-
perimental rather than clinical.

The purpose of this study was to examine the
factors associated with two key determinants of
outcome during weight loss (eg, mean energy al-
location required and relative changes in body
composition) in a cohort of client-owned cats
with naturally occurring obesity. Factors of
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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particular interest included rate of weight loss,
degree of energy restriction required for weight
loss, and the relative changes in body composi-
tion that resulted.
Materials and methods

Patients

Twelve cats participated in this study, all of
which were referred to the Royal Canin Weight
Management Clinic (RCMWC), University of
Liverpool, UK, for the investigation and manage-
ment of obesity. For inclusion in the study, cats
had to be systemically well, and have no signifi-
cant abnormalities on routine haematological
analysis, serum biochemical analysis and urinal-
ysis. Cats were enrolled between December 2004
and April 2007, and their period of weight loss
was completed between April 2005 and Septem-
ber 2007. The study was performed in adherence
to the University of Liverpool Animal Ethics
Guidelines and was approved by the Waltham
ethical review committee. The owners of all par-
ticipating animals gave informed written
consent.

Evaluation prior to weight loss

All patients were weighed, body condition
scored (Laflamme 1997), and body composition
assessed by dual-energy X-ray absorptiometry
(DXA). An individually tailored weight manage-
ment protocol was then instigated (see below).
Assessment of weight and body composition

True total body weight was measured by elec-
tronic weigh scales (range 0.05e100.00 kg;
Soehnle Professional, Murrhardt, Germany),
which were regularly validated for precision
and accuracy using test weights (2e50 kg; guar-
anteed accuracy �0.5%; Blake and Boughton,
Thetford, UK). Body composition was analysed
by fan-beam DXA (Lunar Prodigy Advance; GE
Lunar; Madison, USA), with high precision for
repeat analysis in animals (Raffan et al 2006). Pa-
tients were either sedated (if DXA alone was per-
formed) or anesthetised (if required for
additional procedures, eg, radiographic studies,
surgery, routine dentistry), and scanned in dorsal
recumbency, as previously described for dogs
(Raffan et al 2006). Purpose-designed computer
software (enCORE 2004, 8.70.005; GE Lunar)
was used for data analysis.
Weight loss regimen

Diet and energy allocation
Prior to weight loss an initial ideal target weight
was set, based upon two calculations, one using
starting body condition score and one using
body composition determined by DXA. For the
condition score method, it was assumed that
each point on the 9-integer condition scoring sys-
tem accounted for the cat being 10% above ideal
weight (Mawby et al 2004). For the body compo-
sition method, the estimated fat mass was com-
pared with a reference range of 15e25%,
generated from cats in ideal body condition;
and assumed a predicted weight loss of 80:20
fat to non-fat mass whilst on an equivalent
high-protein weight loss diet (Nguyen et al
2004). The results from each technique were com-
pared, and the agreed initial target weight was
set from a consensus of the two methods.

Initial energy allocation given was calculated
as 40 kcal ME (metabolisable energy)� esti-
mated target weight (in kg), which aimed to
achieve weight loss at 1e2% per week. Further
adjustments were then made, based upon other
factors, eg, ability to exercise, current energy al-
location (in cases referred after failure to lose
weight at referring veterinary practice), and
owners’ request for a gradual rather than sudden
acclimatisation to the weight loss programme.

Cats were fed either a dried or moist high-pro-
tein, fat-restricted, moderate fibre diet (Table 1).
The choice of ration was tailored to the individ-
ual patient and depended upon previous dietary
preferences. When the moist diet was used, the
required amount was calculated and extrapo-
lated to a proportion of the sachet; for the dried
ration, the amount was extrapolated to weight
in grams. For dried food, owners were asked to
weigh food out each day using kitchen scales.
To ensure accuracy, a 24-h ration was first
weighed on electronic scales (range 1e5000 g;
Salter, Tonbridge, UK) at the RCWMC, and
then taken home by the client to weigh on their
home scales. The RCWMC scales were regularly
assessed, for precision and reliability, using test
weights (1e100 g; guaranteed accuracy �0.1%;
Blake and Boughton).
Lifestyle alterations
At the time of initial consultation, the owner was
counselled on the lifestyle alterations which
would be required to assist in weight loss. This,
in part, covered education about the need to pre-
vent excessive feeding, the need to avoid feeding



Table 1. Composition of diets for weight loss

Criterion Dried ration* Moist rationy

ME contentz 3763 kcal/kg DM 4010 kcal/kg DM
Moisture 7.0 83.0

Per 100 g DMx Per 1000 kcal (ME)k Per 100 g DMx Per 1000 kcal (ME)k

Crude protein 45.2 120 49.3 123
Crude fat 10.8 29 12.7 32
Carbohydrate 18.6 55 14.7 37
Crude fibre 9.7 26 2.7 7
Total dietary fibre 16.6 44 8.7 22
Ash 9.6 26 14.7 37
L-Carnitine 22 58 20 50

AF¼ as fed, DM¼ dry matter.
*Obesity management DP 42 (dry), Royal Canin, Aimargues, France.
yObesity management S/O (moist), Royal Canin.
zME measured, on a panel of seven healthy cats, by Royal Canin Research Centre.
xAll nutrients expressed in g/100 g, except L-carnitine (mg/100 g).
kAll nutrients expressed as g/1000 kcal ME, except L-carnitine (mg/1000 kcal ME).
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extra food or treats, and information on strate-
gies for providing non-food related rewards. Ad-
vice on increasing activity within the home
environment was discussed for all cats (eg, mov-
ing food bowls prior to meal times and encour-
aging the cat to follow, organised play
sessions), and a tailored exercise plan was de-
vised for each patient. The exact recommenda-
tions took account of signalment (eg, breed and
age), presence and type of concurrent diseases
where applicable, and owner factors (eg, locality,
occupation, lifestyle, personal circumstances).

Monitoring
All cats were assessed every 14e28 days, de-
pending upon the availability of the owner dur-
ing the weight loss programme. Body weight
measurements were taken and changes made to
the dietary plan if necessary. If an appointment
was missed, the owner would be contacted by
telephone to discuss progress, and to rearrange
the appointment. The overall aim was to achieve
1e2% per week weight loss, although slower
weight loss was acceptable if progress was
steady. Throughout the weight loss period,
owners maintained a diary covering diet ration
fed, activity, and any additional food that had
been consumed (either given as treats or stolen).

At each re-evaluation, changes were made to
the weight loss plan, as necessary. If there had
been good progress with weight loss, the diet
was not altered, but the owner was encouraged
to step up activity wherever possible (eg, by
increasing intensity and duration of play ses-
sions). If the cat had either gained weight or
not lost weight, the potential causes were inves-
tigated based upon the information provided by
the owner (eg, diary records and discussions
during the consultation). If the cause was
thought to be related to poor compliance to the
diet (eg, administration of extras), the owner
was encouraged to return to diet plan, and the
amount of food fed was not changed. If activity
levels had been decreased, then the owner was
encouraged to reinitiate these; however, where
there was no obvious reason for poor progress,
the amount fed was reduced by a readily calcu-
lated amount (eg, 5 g for a cat on the dried ration;
1⁄4 sachet when fed the wet ration) on each occa-
sion. When weight loss was deemed to be too
quick (>2% per week) the amount of diet was in-
creased in similar increments. During the pro-
gramme, the body condition of the patient was
continually assessed; the final target weight
was altered if, as weight loss progressed, the ini-
tial estimate was not thought to be appropriate.

Re-evaluation at the end of weight loss
A detailed evaluation was conducted when tar-
get weight was reached. Cats were confirmed
to have remained healthy based upon physical
examination, routine haematological analysis, se-
rum biochemical analysis and urinalysis. Body
weight and body condition were recorded, and
body composition assessed by DXA (in 11 of
the 12 cats), to confirm that body composition
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had normalised. In the remaining cat, repeated
DXA was not performed, on the request of the
owner.

Estimation of supplementary energy intake
from additional fed items
The diary information recorded by the owners
included a description of additional foodstuffs
that the cats had consumed. The caloric value
of all items was estimated either from the known
energy densities of food (derived from packag-
ing information) or from published information
on caloric content of food (Humphries 2002, Kel-
low 2006).
Statistical analysis

All data are expressed as mean and standard de-
viation (SD), or as median and range. Daily food
allocation is reported as ME intake (in kilocalo-
ries, kcal), per kg target body weight (TBW),
whilst percentage weight loss calculations are re-
ported as a proportion of starting body weight
(SBW).

Statistical analysis was performed with a com-
puter software package (Minitab v14.0; Minitab,
State College, PA, USA). Various factors were ex-
amined for their effect on two key outcome mea-
sures, the mean level of energy allocation
required for weight loss and the proportional
change in body composition lost during weight
loss. Factors tested included signalment (eg,
age and gender), stature (based upon starting
lean body mass), diet type, percentage of weight
lost, mean rate of weight loss and level of re-
ported supplemental feeding. For diet type, cats
were assigned to two groups: the first group
comprised those cats fed dried diet exclusively
during the weight loss period, whilst the second
group consisted of cats fed a combination of both
types. Other assessments made included com-
parisons of energy allocation and body composi-
tion (fat, lean and bone mineral content [BMC])
at the start and end of weight of loss.

All continuous data were first assessed for nor-
mal distribution (for the overall population and
all subgroups) using the AndersoneDarling
method, and parametric statistical tests were
used wherever appropriate. These included
paired and unpaired t-tests, and simple linear re-
gression. If data were not normally distributed,
non-parametric statistical tests were used, in-
cluding ManneWhitney U test and Spearman’s
correlation coefficient (rs). The level of statistical
significance was set at P< 0.05.
Results

Study animals

Of the 12 cats, 11 were domestic shorthairs, one
was a British Shorthair. Seven and five cats
were neutered female and neutered male, respec-
tively, and median age was 128 months (range
78e156 months).
Summary of weight loss

Median SBW was 6.90 kg (range 5.45e10.30 kg)
whilst median final body weight was 5.05 kg
(range 3.95e6.45 kg). The median duration of
weight loss was 280 days (range 141e490 days)
and the mean� SD percentage weight lost was
27� 6.8%. Mean� SD rate of weight loss for all
cats was 0.8� 0.32% per week (range¼ 0.4e1.3%
per week). The median number of examinations
(including initial and final examination) was 11
(range 8e22), and the median time between re-
visits was 20 days (range 14e28 days). Five cats
were fed the dried diet exclusively, whilst
a mix of dried and moist food was fed in the re-
maining seven cats. One of these cats was fed
a combination of moist and dry throughout
weight loss, whilst the remaining six cats were
switched between diet types (eg, dried food to
mixed ration, n¼ 2; moist food to dried ration,
n¼ 1; mixed ration to dry, n¼ 3). All cats re-
quired changes to the amount of food fed during
the period of weight loss; the amount of food
was increased in three cats (once, n¼ 1; twice,
n¼ 1; three times, n¼ 1), and decreased in all
cats (once, n¼ 4; twice, n¼ 4; three times, n¼ 2;
four times, n¼ 1; five times, n¼ 1). On each occa-
sion, the median amount by which the diet was
altered was 9% (range 5e25%).
Energy allocation required for weight loss

The mean� SD level of dietary caloric energy al-
location (for the whole weight loss period) was
32� 7.0 kcal/kg TBW. The energy allocation, re-
quired to ensure continuing weight loss, de-
creased during the programme (mean� SD for
allocation at start versus end at of weight loss
[eg, 41� 3.9 kcal/kg TBW versus 27� 6.5 kcal/
kg TBW, paired t-test P¼ 0.004]). This corre-
sponded to 55� 10.0 kcal/kg0.67 TBW and
76� 18.7 kcal/kg0.4 SBW. Although starting en-
ergy allocation did not differ between cats fed
in the two diet types (dried diet exclusively
40� 4.0 kcal/kg TBW versus dry/moist combi-
nation 39� 4.8 kcal/kg TBW; two sample t-test,
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P¼ 0.724), the mean energy allocation and end
energy allocation were both significantly lower
for the cats fed a combination of moist and dried
food than for those fed dried food exclusively
(mean allocation: 29� 6.6 kcal/kg TBW versus
36� 3.5 kcal/kg TBW, two sample t-test,
P¼ 0.049; end allocation: 24� 3.3 kcal/kg TBW
versus 33� 4.7 kcal/kg TBW, two sample t-test,
P¼ 0.011). No other factor had any significant ef-
fect on the degree of caloric restriction required
for weight loss.
Fig 1. Box and whisker plots representing mean change in
body composition during weight loss, assessed by DXA, in
11 of the 12 obese cats before and after weight management.
The horizontal line represents the median, the box delineates
the interquartile range, whilst the whiskers contain 95% of
the population whilst the filled circles denote outliers. Sig-
nificant decreases in all components (lean mass, BMC, and
Dietary non-compliance

Owners reported dietary non-compliance in nine
of 12 cats, either due to the owner treating the cat,
or by the cat stealing food. A wide range of addi-
tional foodstuffs was eaten including feline foods
and snacks (eg, obesity diet ration, standard
maintenance diets, dental treats), dog food, meats
(chicken, beef, and pork), fish (tuna, salmon, and
white fish), and dairy products (milk, cheese and
butter). The median estimated contribution to di-
etary caloric intake from non-compliance was
0.1 kcal/kg TBW (range 0.0e5.0 kcal/kg TBW).
This equated to 0.1 kcal/kg TBW0.67 (range
0.0e8.4 kcal/kg0.67 TBW) or 0.1 kcal/kg SBW0.4

(range 0.0e11.8 kcal/kg0.4 SBW). There was no
significant difference in reported dietary non-
compliance between different diet types (Man-
neWhitney test, P¼ 0.808).
fat mass) were noted (aP< 0.0001; bP< 0.02), but the greatest
loss was in fat mass.
Body composition

Changes in body composition during weight loss
are shown in Fig 1. Significant decreases were
noted for fat (median 86%, range 62e105%,
P< 0.001), lean (median 13%, range �7e36%,
P< 0.02), and BMC (median 0.9%, range
0.4e2.2%, P< 0.001) when compared before
and after weight loss (Table 2). There was no as-
sociation between the proportion of lean tissue
lost and either the mean rate of weight loss
(rp¼�0.315, P¼ 0.346) or the mean daily energy
intake (rp¼ 0.464, P¼ 0.151). In fact, the only fac-
tor that had a significant effect on the percentage
of lean tissue lost was the percentage of body
weight lost overall, ie, more lean tissue was lost
in the cats that lost the most weight (r2¼ 44.2%,
P¼ 0.026; Fig 2).
Discussion
This study shows that conventional weight man-
agement therapy can be successful in naturally
occurring obesity in client-owned cats. The
mean rate of weight loss achieved (0.8% per
week) was slower than observed in previous
studies, using in colony cats, and feeding diets
of similar composition (Butterwick et al 1994,
Butterwick and Markwell 1996, Michel et al
2005, Laflamme and Hannah 2005), but was
equivalent to that of a similar clinical study in
dogs (German et al 2007). This confirms that cli-
nicians should expect slower rates of weight lost
in client-owned cats in the clinical setting. A
number of reasons could account for this rate of
weight loss. First, the proportion of body weight
loss in the current study was greater than what is
typically observed in colony studies, where
w15% weight loss is more typical (Butterwick
et al 1994, Butterwick and Markwell 1996).

A further reason for slower weight loss
observed in this study was the fact that there
was non-compliance with the dietary plan, as



Table 2. Body composition data

Mean SD Range

Before*
Fat (g) 2480 915.5 1270e4170
Lean (g) 3940 685.9 3130e5540
BMC (g) 148 24.9 117e198

After*
Fat (g) 909 447.4 280e1270
Lean (g) 3610 507.3 2880e4510
BMC (g) 132 23.9 97e178

Change* (total)
Fat (g) 1570 600.2 880e2910
Lean (g) 326 390.7 �70e1040y

BMC (g) 15 5.1 8e25

Proportional tissue loss
Fat (%) 86 13.4 63e105y

Lean (%) 13 13.6 �8e36y

BMC (%) 0.9 0.48 0.5e2.1

*Results expressed in grams of tissue.
yNegative results for lean tissue and percentage of fat
lost in excess of 100% occurred when lean tissue was
gained during weight loss.
BMC¼ bone mineral content, SD¼ standard deviation.
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estimated from diary records. Although overall
energy consumption was apparently insignificant
in most instances, the true caloric contribution
from non-compliance may actually be greater,
given the potential for under-reporting from
owners; this is an acknowledged limitation of
human studies that use such an approach (Heit-
mann et al 2000). To ensure predictable weight
loss, clinicians should ideally strive to prevent
Fig 2. Association between percentage body weight lost
and composition of the weight loss. Proportion lean tissue
lost was positively associated with the overall percentage
of weight lost (linear regression, P¼ 0.026).
owners giving unwanted extras as far as possible.
However, as giving treats is an important part of
pet ownership, it can be sanctioned, as long as the
clinician is aware of it (eg, by maintaining a re-
cord) so that it can be factored into the total daily
allowance for the patient.

Although these data provide useful informa-
tion on current weight loss strategies for cats,
there may be problems in extrapolating directly
the results to practitioners in first-opinion prac-
tice. In this respect, a referral population was
studied, and some cats had been referred be-
cause weight loss had been unsuccessful at
the practice of the referring veterinarian.
Further, in our weight management clinic,
a full-time member of staff (SH) is employed
specifically to oversee weight loss programmes,
enabling more intensive supervision than is
possible in many first-opinion practices. This
may, to an extent, counteract the problems
faced by the population of cats referred.
Thus, the results of the current study may
not be completely representative of what may
be expected in general practice.

The results of the current study show that con-
ventional weight loss can be successful, but close
monitoring of the programme is required. All
cats in this study required at least one alteration
to their dietary regime. The cats in the mixed ra-
tion group required more decreases in food in-
take in order to maintain weight loss at the
same rate as those fed the dry ration exclusively.
The reasons for this are not known. One possibil-
ity is that the moist ration was more difficult to
measure out accurately when proportions of a sa-
chet were fed, leading to overfeeding; in contrast,
it would be easier to be accurate when measur-
ing out dried food on weigh scales. A second
possibility is that the characteristics of cats in
the two diet groups differed. Whilst statistical
analysis did not reveal any obvious differences
between groups (in terms of signalment, percent-
age starting body fat, and overall proportion of
weight lost), the groups may have differed in
other ways that were not directly assessed (eg,
activity levels). Thirdly, as the group fed the
mixed ration included cats where switches in
type of diet were required (eg, from moist to
dry, or vice versa), this grouping may have inad-
vertently selected for cats in which compliance
was most likely to be a problem. Fourth, a role
for nutrient composition cannot be discounted,
as the macronutrient composition varied be-
tween the dried and moist rations, especially
with regard to carbohydrate content. Finally,
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and most notably, the study was not designed as
a randomised controlled trial comparing diets.
Therefore, further studies are required to deter-
mine what constitutes the best type of diet for
weight loss in cats.

This study is the first to document the
changes in body composition that occur during
weight loss in a clinical setting. In keeping
with the results of experimental studies using
a diet of similar composition, the majority
(>80%) of tissue mass lost was adipose tissue,
with smaller (although significant) losses of
lean tissue (Nguyen et al 2004). In the current
study, the main factor associated with the
amount of lean tissue lost was the overall per-
centage weight loss, eg, cats which lost a greater
proportion of body weight lost more lean tis-
sue. This is similar to a recent study in dogs
(German et al 2007). However, in contrast to
previous work in cats (Butterwick and Mark-
well 1996), the rate of weight loss and degree
of caloric restriction did not have a significant
impact on the proportion of lean and fat lost.
The reasons for this discrepancy are not clear,
but could relate to the relatively slower rate
of weight loss for cats in the current study in
comparison with the previous work. Incorpo-
rating exercise in weight programmes has also
been shown to assist in lean tissue preservation
during weight loss in human patients (Ross et
al 1995, 1996). However, this factor was not ex-
amined during the current study. Given that, in
some cases, energy intake required for weight
loss was low, another possible reason for lean
tissue loss could have been that protein intake
in these cats might have been insufficient.
Against this possibility, there was no correla-
tion between the proportion of lean tissue lost
and daily energy (and therefore protein) intake.
Further, the daily protein consumption in all
cats exceeded the minimum requirements for
maintenance in adult cats, as recommended in
the 2006 NRC guidelines (data not shown).

In summary, the current study has demon-
strated that successful weight loss in obese cats
is feasible in clinical practice, using a conven-
tional approach with dietary caloric energy re-
striction and increased activity. However,
marked caloric energy restriction is required,
and the rate of weight loss is slower than in
equivalent experimental studies. The main pre-
dictor of amount of lean tissue lost was the over-
all percentage weight loss, suggesting that this
may be inevitable in animals required to lose
a large proportion of their body mass.
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