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A meta-analysis was carried out in order to establish the energy requirements of adult cats. Publications that identified cat body weight (BW) were
used to generate allometric relationships between energy requirements and BW of healthy adult cats, using log-log linear regression. Energy
requirements were expressed in kcal/kg BW to be consistent with those reported by the National Research Council. Mean maintenance energy
requirements were 55-1 (SE 1-2) kcal/kg BW (115 treatment groups). Three allometric equations were identified to predict the energy requirements
for maintenance of BW in the cat based on BW: light (53-7kcal/lkg BW ™ '%"), normal (46-8kcal’lkg BW ™ "'') and heavy (131-8kcal/kg
BW 3%%) When reported on lean mass, the allometric equation revealed maintenance requirements were 58-4 kcal/kg lean mass~ 1140 (adjusted
R? 0-694; thirty-six treatment groups). The present review suggests that values for maintenance energy requirements based on BW alone may not
be an accurate prediction and more detailed information on the age, sex and neuter status, BW and composition would enhance the ability to inter-

pret the maintenance energy requirements of cats.

Cats: Energy requirements: Allometric equations

While the relationships between energy requirements and
age(l’z) and body weight (BW)® have been determined in
domestic cats, these reports utilised the outcomes of a series
of studies in only a single colony of cats. Given the increase
in obesity levels in companion animals and the number
of recent studies that have investigated this phenomenon,
meta-analysis may be an appropriate tool to accurately
determine the energy requirements of adult cats. The use of
meta-analysis is a powerful method by which the results
from multiple independent experiments can be combined to
produce more robust results than can be obtained from
single experiments alone”. Combining results from different
experiments using statistical meta-analytical methods can
reduce the extent that differences in experimental conditions
may have an impact on the calculated prediction equations
and cause bias. Additionally, meta-analysis can identify
factors that may influence these relationships.

Maintenance energy requirements for adult cats have been
calculated to be 100 kcal/kg BW %7 for normal-weight, and
130 kcal/kg BW ™ °* for heavy cats®. The National Research
Council (NRC)® highlighted that the literature reporting
maintenance energy requirements in adult cats is highly

variable. For example, the effects of age on maintenance
energy requirements differ markedly among publications, as
does the effects of neutering. These effects may be explained
by other factors that were not taken into consideration among
studies, such as age of the cat or methodology used to
determine the cats’ energy requirements.

The objective of the present review was to conduct a
meta-analysis on the energy requirements for maintaining
BW in adult domestic cats in order to (a) determine predicted
changes in energy requirements with weight, and (b) account
for factors that may influence these relationships. Initial results
have been reported in abstract format in Bermingham et al. ©.
For ease of comparison with the NRC®, we have reported
energy requirements in kcal’kg BW.

Materials and methods
Data classification

Data for the present review on the energy requirements of
adult cats were limited to publications reported in English,
and published from 1933 to 2009. These search criteria

Abbreviations: BW, body weight; DLW, doubly-labelled water; FE, feeding experiment; IC, indirect calorimetry; ME, metabolisable energy; NRC, National

Research Council.
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Table 1. Literature used for the determination of allometric equations for maintenance energy requirements in domestic cats %
Mean ME
Length of study Cats Mean age Mean BW Mean ME (kcal/kg Modified (kcal/kg
Reference Sex Method (d)* (n) (years)* (kg)* Mean fat (%)* BW)* Atwater? fat-free mass) Used in dataset
Appleton etal.®®  Mix FE 42 16 6-3 (sp 1-3) 42.2 40-4 (sp 5-8) 713 Yes
Mix  FE 42 16 6-3 (sb 1-3) 432 47.1 (sp 15.9) 84-1 Yes
Aub et al. ®® Mix IC 13 3.7 55.0 (sp 11.0) Yes
Ballevre et al. " Mix DLW 3 7.0 4.4 227 55.0 (sb 1-0) 53.2 Yes
Benedict®®® Mix IC 30 2.8 70-0 Yes
Burger et al. ¥ Mix  FE 21 18 38 49.3 Yes Yes
Mix FE 21 19 3.7 49.2 Yes Yes
Mix FE 21 18 3-6 41.7 Yes Yes
Mix FE 21 18 41 50-8 Yes Yes
Mix FE 21 19 41 54.9 Yes Yes
Caldwell® Mix IC 14 83.0 (sD 7-5) No — no BW
Carpentert® Mix IC 5 35 56-0 (sD 7-5) No
Earl & Smith® Mix  FE 21 7 6.3 42.2 Yes Yes
Mix  FE 21 26 5-8 479 Yes Yes
Mix FE 21 22 2-8 75-2 Yes Yes
Mix  FE 21 53 5-3 52-4 Yes Yes
Mix FE 21 48 4.8 54.7 Yes Yes o
Mix FE 21 24 3-8 67-3 Yes Yes N
Mix  FE 21 36 33 76.4 Yes Z
Edtstadtler- F FE 30 3.9 65-0 (sb 16-0) Yes @
Pietsch( "+ =
M FE 4 67-0 (sp 14-0) No — no BW s
M FE 7 10 100-0 (sD 26-0) No - no BW =
NF  FE 33 41 56-0 (sb 16-0) Yes 5
NM FE 63 5.2 55.0 (sp 14.-0) Yes Y
Fettman et al. @ M FE 30 6 1.8 5.8 (sb 0-8) 43.3 Yes Yes S
NM  FE 30 6 1.8 6-0 (sb 0-4) 43.2 Yes Yes ’
F FE 30 6 1.8 3-4 (sp 0-2) 61-2 Yes Yes
NF FE 30 6 1.8 3-6 (sb 0-2) 58-2 Yes Yes
Flynn et al. @® F FE 42 5 1.2 2.9 (sD 0-2) 855 Yes Yes
F FE 42 5 1.2 2-9 (sb 0-2) 57-0 Yes Yes
F FE 42 5 1.2 2:9 (sp 0-2) 68-4 Yes Yes
F FE 42 5 1.2 2.9 (sb 0-2) 67-3 Yes Yes
F FE 42 5 2-9 (sb 0-2) 68-4 Yes Yes
NF FE 42 10 31 45-6 Yes Yes
NF FE 42 10 1.2 28 84-4 Yes Yes
NF FE 42 10 1.2 28 44.5 Yes Yes
NF FE 42 10 1.2 2.8 741 Yes Yes
NF FE 42 10 1.2 2 8 46-7 Yes Yes
Green™" Mix IC 10 3.2 (SEM 0-6) 8 (sem 0-3) 6 (SEM 2-4) 56-6 (SEM 14-3) 56-6 Yes
Mix IC 10 3.2 (sD 0-6) 9 (sb 0-3) 12 9 (sp 2-8) 59.9 (sb 21-5) 59-9 Yes
Mix IC 10 3-2 (sp 0-6) 2 (sb 0-3) 16-6 (sD 4-0) 65-4 (sp 14-3) 65-4 Yes
Mix IC 10 3-2 (sD 0-6) 2 (sp 0-3) 11.7 (sp 3-0) 625 (sb 16-7) 62-5 Yes
Hauschild“? Mix IC 4 5.5 5-8 39.0 (sD 2:5) Yes
Mix IC 27 1.5 3-8 50-0 (sb 2:-0) Yes
Mix IC 9 33 51.0 (sp 1-0) Yes
Mix IC 4 4.5 4.0 51.0 (sb 2:0) Yes
Mix IC 6 31 54.-0 (sb 4-0) Yes
Mix IC 5 3-2 55.0 (sb 2-5) Yes
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Table 1. Continued

Reference Sex Method Length of study Cats Mean age Mean BW Mean fat (%)* Mean ME (kcal/kg Modified Mean ME Used in dataset
(d)* (n) (years)* (kg)* BW)* Atwater? (kcal/kg
fat-free mass)
Mix IC 6 33 61-0 (s 2:-0) Yes
Mix IC 6 39 48-0 (sp 1-0) Yes
Hoenig et al. " F FE 28 10 3.4 (sD 0-3) 65-6 (sD 4-1) Yes
M FE 28 10 4.0 (sp 0-6) 68-3 (sD 4-6) Yes
NF  FE 28 10 3.4 (sp 0-4) 67-9 (sD 2:5) Yes
NF  FE 28 10 3.5 (sD 0-4) 60-1 (sp 6:1) Yes
NF  FE 28 10 3.4 (sp 0-4) 57-0 (sb 7-7) Yes
NM  FE 28 10 4.0 (sp 0-6) 68-2 (sD 4-6) Yes
NM  FE 28 10 4.1 (sp 0-7) 69-5 (sD 9:5) Yes
NM  FE 28 10 4.0 (sp 0-6) 58-5 (sb 15-6) Yes
Hoenig et al. 43 Mix  FE 112 12 4.3 (SE 0-4) 3.4 (s 0-3) 51-6 (SE 4-2) Yes
Mix  FE 112 12 4.3 (sp 0-4) 3.3 (sp 0-2) 50-6 (SD 4-5) Yes
Mix  FE 112 12 4.3 (sp 0-4) 3-3 (sp 0-2) 55.4 (spD 6:0) Yes
Mix FE 112 12 4.3 (sp 0-4) 3:6 (sb 0-2) 49-3 (sD 3-8) Yes
Mix  FE 112 16 5.1 (sp 1-2) 6-6 (sb 0-3) 42.1 (sp 1-4) Yes §
Mix  FE 112 16 5.1 (sp 1-2) 6-2 (sp 0-4) 35-8 (spD 2:0) Yes 5
Mix FE 112 16 5-1(sb 1.2) 6-3 (sb 0-4) 41.7 (sp 1-6) Yes g
Mix  FE 112 16 5.1 (sp 1-2) 6-3 (sb 0-4) 38-8 (s 2:1) Yes 5]
Kanchuk etal.®® M DLW 5 2.0 4.6 (SEM 0-1) 9 (SEM 0-4) 75-0 (SEM 4-1) 821 Yes @
M DLW 5 2.0 4.7 (sp 0-1) 11 8 (sb 1-6) 66-0 (sb 3-3) 757 Yes %
M DLW 5 2.0 4.6 (sp 0-2) 8 (sD 0-8) 76-0 (SD 4-8) 853 Yes ot
NM DLW 5 2.0 4.8 (sp 0-1) 12 4 (sp 1.7) 79-0 (sD 8-6) 90-3 Yes =
Kendall et al. “* Mix  FE 21 6 4.0 66-0 No - different 2
diets g
Kienzle et al. " Mix  FE 28 138 5.7 60-0 (sD 18-0) Yes g
F FE 28 30 3.9 (sp 1-1) 723 (sp 14.0) Yes e
M FE 28 12 5.1 (sp 2:1) 786 (sD 21.-0) Yes z
NF FE 28 33 3-9 (sb 2-1) 66-0 (sp 16-0) Yes e,
NM  FE 28 63 5.1 (sp 1-1) 52.7 (sD 24-0) Yes g
Krehl et al. 2 Mix  FE 68-4 Yes No — no BW @
Laeuger“®t NM IC 6 09 55 42.0 Yes
M IC 6 0-9 4.8 49.0 Yes
M IC 6 08 51 54.0 Yes
M IC 6 08 5.2 54.0 Yes
Laflamme & Mix FE 113 53-0 No — no BW
Ballam('®
Leray et al. @ Mix IC 8 5.5 2.9 (sp 0-1) 31.3 47.3 (SEM 2:2) 52.1 Yes
Mix IC 8 5.5 2.9 (sp 0-1) 295 514 (spD 4-1) 52.6 Yes
Mix IC 8 5.5 2.9 (sp 0-1) 275 52.6 (sp 3:1) 58.3 Yes
Lester et al. @9 NF  FE 8 6 11.0 (sb 3-0) 3.6 (sp 0-6) 16-3 (sD 9-6) 48.5 (sD 6-5) 582 (sp 7-8) Yes
NF FE 8 6 11-0 (sb 3-0) 3-6 (sb 0-6) 16-3 (sb 9-6) 46-7 (sb 5-6) 56-0 (sb 6-8) Yes
NF IC 6 11 0 (sp 3-0) 3.6 (sD 0-6) 16-3 (SD 9-6) 61-4 (sp 17-1) 738 Yes
NM FE 8 6 0 (sp 3-0) 4.5 (sp 0-8) 10-2 (sb 7-5) 39-0 (sp 7-6) 42.8 (sp 8:3) Yes
NM  FE 8 6 0 (sp 3-0) 4.5 (sp 0-8) 10-2 (sD 7-5) 47.0 (sD 6-4) 51.6 (sp 7-1) Yes
NM IC 6 0 (sp 3-0) 4.5 (sb 0-8) 10-2 (sb 7-5) 63-1 (sp 5-9) 707 Yes
Martin et al. @4 F DLW 12 1.6 4.5 (sp 0-1) 301 (sp 1.7) 57.0 (sp 2.0) 80-0 Yes
M DLW 11 1.6 4.5 (sp 0-1) 23-8 (s 1-0) 57-0 (s 2.0) 74.0 Yes
NF DLW 9 1.6 4.5 (sp 0-1) 35.5 (sD 1-8) 51.0 (s 2.0) 790 Yes =
NM DLW 10 1.6 4.5 (sp 0-1) 32.9 (sp 1.7) 50.0 (sp 3.0) 74.0 Yes *
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Table 1. Continued >
2
Reference Sex Method  Length of study Cats Mean age Mean BW Mean fat (%)* Mean ME (kcal’kg Modified Mean ME Used in dataset
(d)* (n) (years)* (kg)* BW)* Atwater? (kcal/kg
fat-free mass)
Miller & Allison™  Mix  FE 68-4 Yes No — no BW
Mix  FE 96-9 Yes No — no BW
Nguyen et al. “®) F DLW 6 29.3 (Sem 3-1) 57.0 (SEM 3-0) Yes
NF DLW 6 338 (sD 2:3) 53.0 (s 3-0) Yes
M DLW 6 24-6 (sp 1-5) 59-0 (sb 3-0) Yes
NM DLW 6 1.3 32:9 (sp 2:1) 55-0 (sb 2:-0) Yes
NM DLW 9 3.7 28-6 (s 1-9) 50-0 (s 3-0) Yes
Nguyen et al. ?% Mix DLW 85 4.2 (SE 1-2) 54.0 (se 10-0) Yes
Mix IC 41 6-0 (sp 1-3) 29-0 (sb 5-0) Yes
Mix  FE 21 94 4.9 (sp 1-1) 59.0 (sb 14-0) Yes
Nguyen et al. “” Mix  FE 7 62 65 29.6 (SEM 1-0) No — not steady
state
Nguyen et al. 48 F DLW 6 0-8 2.6 18.5 52.8 (sD 3-6) 64-8 Yes
F DLW 6 08 2.8 21.7 62.9 (sb 12.7) 80-3 Yes
M DLW 6 0-8 35 20-8 49.0 (sp 1-7) 61-9 Yes
M DLW 6 0-8 39 20-2 54.7 (sp 5-3) 68-6 Yes
NF DLW 6 0-8 28 234 57-8 (sD 4-3) 75-5 Yes
NF DLW 6 0-8 2.8 238 68-8 (sD 2-4) 90-3 Yes o
NM DLW 6 0-8 3-5 151 59-3 (sD 9-6) 69-8 Yes z
NM DLW 6 0-8 3.3 22.6 40-9 (sD 4-1) 52.8 Yes w
Nguyen et al. ®® Mix IC 16 4.5 4.8 39.0 No — not steady %
state =
Mix IC 16 4.5 4.8 39-4 No — not steady ®©
state g
Parkman etal. ®®1 Mix FE 84 36 4.0 5.1 (sp 1-2) 62.0 (sD 15.5) Yes o
Peachy et al. ('® NF IC 6 3.6 (sD 0-9) 3.5 (sb 0-4) 52.9 (sb 0-4) 68-0 (sb 12-4) Yes =
NF IC 6 12.3 (sD 1-4) 3-2 (sb 0-3) 51.7 (sp 1-2) 68-5 (sp 9-5) Yes =
Prola et al. @ Mix  FE 4 6 56 36 63-3 (sp 12.7) No — length of
study
Mix FE 4 6 5.6 3:6 55-9 (sp 17-4) No — length of
study
Mix FE 4 6 5.6 3-6 58-6 (sp 17-9) No — length of
study
Mix  FE 4 6 56 36 45.9 (sb 14-8) No — length of
study
Mix  FE 4 6 5.6 3.6 45.4 (sp 14.-3) No — length of
study
Mix FE 4 6 5.6 3.6 26-3 (sp 12.0) No — length of
study
Radicke“9t Mix IC 14 4.0 4.0 31.0 (sp 3.0) Yes
Mix IC 14 4.0 4.2 37-0 (sb 5-5) Yes
Mix IC 14 4.0 3.9 38.0 (sD 7-5) Yes
Mix IC 14 4.0 39 39-0 (sp 1-5) Yes
Mix IC 14 4.0 3.6 39-0 (sp 7-0) Yes
Riond et al. @3t Mix  FE 7 8 4.4 364 No — length of
study
Mix FE 7 8 4.4 315 No — length of
study
Skultety®©) Mix  FE 32 3.0 741 Yes
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(n)
24
48
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d)*
28

(

Length of study

Method

IC
FE

Sex
Mix

Table 1. Continued
Reference
Stiefel®"

Taylor et al. ("

Maintenance energy requirements of cats 1087

identified forty-two publications (Table 1) with data reporting
the amount of energy required to maintain BW of adult cats.
A ‘publication’ was defined as a distinct piece of published
work, while ‘treatment’ represented a treatment group of cats
within the publication (for example, a control or obese group).

Cats were classed according to sex and neuter status
(entire male and female, neutered male and female). Due to
an absence of body condition score or body composition
assessment in the majority of publications, it was assumed
that cat weight was an accurate estimate of whether the cat
was lean, normal or overweight. Therefore, cats less than
3kg in weight were classed as ‘light’, cats between 3-0 and
5-5kg were classed as ‘normal’, and cats with BW greater
than 5-5kg were classed as ‘heavy’. Thirteen publications
reported maintenance energy requirements on a fat-free basis
(Table 1). This smaller dataset (thirty-four treatment groups)
was used to investigate the effects of age, neuter status and
methodology on maintenance energy requirements, when
expressed on the basis of fat-free (lean) body mass. Cats
were also grouped according to age, with cats less than 2
years (but older than 6 months) classed as ‘young’. Cats
were classed as ‘adult’ between the ages of 2 and 7 years,
and classed as ‘senior’ if they were older than 7 years of age.

In all cases, cats were domestic shorthaired from either
private dwellings studied in a clinical setting, or from research
colonies. For the purpose of the present review, energy
requirements were synonymous with metabolisable energy
(ME) intake (measured from feeding studies where BW was
constant (<10 % change) over the feeding period), and total
energy expenditure was assessed by doubly-labelled water
(DLW). Additionally, resting energy expenditure as measured
by indirect calorimetry (IC) was used as an estimate of energy
requirements. Energy requirements for maintenance were
therefore either classed as feeding experiments (FE), DLW
or IC, and, where reported, the length of the study was also
included (Table 1). Only data from FE that were more than
7d were included in the present analysis.

The ME content of diets is determined by predictive
equations using the ‘Atwater factors’ of 4.0, 90 and
4-Okcal/g for protein, fat and carbohydrate, respectively(7).
These Atwater factors were modified in 1997® to 3-5, 85
and 3-5kcal/g for protein, fat and carbohydrate, respectively.
Therefore, in order to compare energy intake in the FE studies
pre- and post- the Atwater modifications, the energy intakes
reported in the studies published before and including 1997
(n 7; Table 1) were recalculated using the modified Atwater
equations unless: (1) the energy content of the diet was
measured by bomb calorimeter or (2) the publication stated
that modified Atwater equations were used to determine the
energy content of the diet.

Yes
Yes
Yes
Yes
Yes
Yes

83.3
72:5
68-6
68-6

49.3 (Sem 1-3)

44.0 (sD 6-5)
57-3

50.-0
432
50.-0

40-0
31-0
37-0

2.8 (sD 0-3)

41
6-1
6-2

1.4 (sp 0-3)

5.0
2.0

Statistical analysis

Mix

BW, body weight; ME, metabolisable energy; FE, feeding experiments; IC, indirect calorimetry; DLW, doubly-labelled water; F, female; M, male; NF, neutered female; NM, neutered male.

*Where data are reported in the literature for feeding studies.
t Data obtained from Table 3.16 in the National Research Council (2006)®.

é é é é é w Energy requirements are provided as kcal/kg, rather than as
kJ/kg, since the former units are used by the NRC for

g g = companion animals.
w T The initial dataset consisted of forty-two publications,
g E g ;.!; _ representing 141 treatment groups of cats. Problems
Vg s s € g associated with fluctuating BW over the experimental period
= 35 3 or missing data on BW led to twenty-six treatment groups
S Sz & being removed (Table 1). The revised dataset of 115 treatment
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groups was used for further analysis, and tested for normality
and the presence of outliers. The dataset was found to be
within normal statistical limits, and all 115 treatment groups
were included in the meta-analysis.

A general linear model (Minitab® statistical software,
version 15, 2006; Minitab Inc., State College, PA, USA) was
used to predict average energy requirements and determine the
influence of factors such as age, sex and neuter status and
methodology used to determine energy requirements.
The allometric equation of Y = aBW? was used to determine
the relationship between BW and ME requirements, where Y
is the dependent variable (ME requirement; kcal), a is the
constant coefficient, BW is body weight (kg) and b is the
allometric exponent®. Additionally, a regression model was
used to determine the allometric relationship between BW
and energy intake by performing a regression of the logar-
ithms of energy intake (kcal/d) and BW (kg)”. In order to
report data on a ‘kcal/kg BW’ basis, the log data generated
by Minitab were back-transformed using the inverse of log-
basel0. Results, unless otherwise stated, are reported as
mean and standard error of the mean.

Results and discussion

The literature review identified forty-two publications,
detailing energy requirements on the basis of BW from 141
treatment groups containing 1933 cats. Some publications
did not report BW of the cats used'®~"'> (twenty-six treatment
groups), but of those that did, cats identified as having a
normal weight predominated with seventy-nine treatment
groups. Light (nineteen treatment groups) and heavy cats
(seventeen treatment groups) had similar numbers of treatment
groups (Table 2). Only 57 % of the treatment groups identified
the age of the cats used in their study, with young cats (thirty-
four treatment groups) and adult cats (twenty-seven treatment
groups) most studied (Table 2). The energy requirement
of neutered cats was reported more frequently than those
of entire cats (thirty-four v. twenty-six treatment groups,

Table 2. Maintenance energy intakes and body weight (BW) for domestic cats

(Mean values, standard errors and ranges)

respectively). Feeding studies were the most common
method of investigating energy requirements for maintenance
of BW (fifty-nine treatment groups), followed by IC (thirty-
eight treatment groups), and finally DLW techniques (eighteen
treatment groups; see Table 2).

Average energy intake required for the maintenance of
BW was 2221 (SE 5-3) kcal/d, or 55-6 (SE 1-1) kcal/kg BW
(115 treatment groups; Table 2). Overall, maintenance
energy requirements were significantly affected by weight,
sex and neuter status, age and methodology (P<0-05).
As indicated in Table 2, there were large amounts of variation
in the reported maintenance energy data, ranging from 122.5
to 401-0kcal/d, which equated to 29-0-85-5kcal’kg BW.
The large amount of variation observed among studies has
previously been attributed to the use of unmodified Atwater
factors®. However, the present dataset was adjusted for
differences in Atwater factors, making it likely that other
factors, such as sex/neuter status of the cat or age were the
cause of the variation in the reported data.

The allometric equation for maintenance energy require-
ments in all cats was calculated with a back-transformed
equation of 77-6kcal’lkg BW °7'! (Table 3; adjusted R?>
0-448; 115 treatment groups).

Effects of body weight

BW ranged from 2:6 to 6-6kg (Table 2), and averaged 2-8
(SE 0-02) kg in light cats (nineteen treatment groups), 4-0
(SE 0-07) kg in normal cats (seventy-nine treatment groups)
and 6-0 (SE 0-07) kg in the heavy cats (seventeen treatment
groups) (Table 2). When expressed as a proportion of BW,
the energy requirements of light cats (62-8 (SE 2-8) kcal/kg
BW; nineteen treatment groups) were greater compared
with both normal (56-3 (SE 1-2) kcal/kg BW; seventy-nine
treatment groups) and heavy cats (439 (SE 1-7) kcal’kg BW;
P<0-05; seventeen treatment groups). Heavy cats have a
lower maintenance energy requirement than normal and light
cats (P<0-01; Table 2).

ME intake (kcal/d) BW (kg) ME intake (kcal’kg BW)
n Mean SE Range Mean SE Range Mean SE Range
All cats 115 2221 53 122.5-401-0 41 0-1 2:6-6-6 55.6 11 29.0-855
Light-weight cats (<3kg) 19 1788 8-1 123.2-250-5 2.8 0-1 2:6-2.9 62-8 28 44.5-85.5
Normal-weight cats (3-0—5-5kg) 79 2241 65 122.5-401-0 4.0 0-1 3-0-5-3 56-3 1.2 31.0-79-0
Heavy-weight cats (>5-5kg) 17 262-1 9-3 174.0-342.0 6-1 0-1 5.5-6-6 43.9 1.7 29.0-60-0
Entire female 12 215.0 12.4 137-3-282-1 33 0-2 2:6-4-5 66-0 25 52.8-85-5
Entire male 12 280-3 18-3 171.5-401-0 4.7 0-2 3-5-5-8 60-9 32 48.9-78-6
Neutered female 20 1926 87 123.2-257-4 33 0-1 2.7-4.5 582 24 44.5-84.4
Neutered male 14 243.7 16-9 134.9-379.2 4.5 0-2 3-3-6-0 55.2 32 39-0-79-0
Mix 57 216-3 7-0 122.5-342.0 4.4 0-2 2.8-6-6 514 1-4 29.0-76-4
Young (0-5-2-0 years) 34 228-0 10-7 123.2-379-2 39 0-2 2:6-6-1 59-4 21 40-9-85-5
Adult (2:0-7-0 years) 27 1991 99 122.3-316-2 4.2 0-2 2-8-6-6 48-4 1.8 31.0-65-4
Senior (>7-0 years) 7 194.2 186 135.0-379-2 39 0-2 3.2-4.5 511 3-2 39-0-63-1
Unknown 47 235.2 7-6 141.4-401-0 4.2 0-2 2-8-6-3 57-6 1.6 29.0-78-6
Feeding experiments 59 230-2 69 123.2-401-0 4.2 0-2 2-8-6-6 58-0 1-6 35.8-85-5
Indirect calorimetry 38 2037 82 122.5-305-0 41 0-2 2.8-6-2 50-0 1.5 29-0-70-0
Doubly-labelled water 18 234.2 17.0 134.9-379.2 39 0-2 2:6-4-8 59.2 24 40-9-79-0

ME, metabolisable energy; n, number of treatment groups.
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Table 3. Allometric regression equations (Y = aBWP®) for maintenance requirements for cats based on the log-log regression of metabolis-

able energy (ME) intake (kcal/d) and body weight (kg)

n Constant coefficient (a) kcal equivalent* Log BW (b) Adjusted R? (%)
All cats 115 1-89 77-6 0-711 0-448
Light-weight cats (<3kg) 19 1.73 53.7 1.061 0-000
Normal-weight cats (3-0—5-5kg) 79 1.67 46-8 1-115 0-425
Heavy-weight cats (>5-5kg) 17 212 131-8 0-366 0-000
Normal- and light-weight cats (<3-5-5kg) 98 1.76 56-2 0-966 0-479
Entire female 12 1-69 49.0 1-193 0-736
Entire male 12 1.85 70-8 0-882 0-213
Neutered female 20 1.73 53.7 1.023 0-378
Neutered male 14 1.89 77-6 0.754 0-189
Young (0-5—-2-0 years) 34 1.82 66-1 0-878 0-596
Adult (2-0-7-0 years) 27 1.86 724 0-703 0-457
Senior (>7-0 years) 7 1-83 67-6 0-781 0-173
Feeding experiments 59 1.94 87-1 0-656 0-466
Indirect calorimetry 38 1-89 77-6 0-678 0-405
Doubly-labelled water 18 1-65 44.7 1195 0-684

Y, energy requirement; a, allometric coefficient; BW, body weight; b, allometric exponent; n, number of treatment groups.

* Back-transformed using the inverse of log-base10.

The effects of BW on the allometric equations are indicated
in Table 3. When both light- and normal-weight cats were
incorporated into the same group to allow direct comparison
with the normal and light equation identified by the NRC,
the allometric equation was 56-2kcal/kg BW~%%°® (adjusted
R? 0479; ninety-eight treatment groups). This value is
lower than the NRC recommendations for light and normal
cats (100kcal/BW %%7). Both the predicted allometric
equations for light- and heavy-weight cats have an adjusted
R? of 0-000. This may be due to the low number of treatment
groups, but more likely the high variation among cats at these
BW. This suggests that more data are required in these classes
of cats.

Figure 1 shows the actual data reported for domestic cats
(kcal/d) compared with the predicted energy requirements
using the allometric equations for light and normal cats and

w w B B
o ol o 4]
o o o o
T T T 1
©
o
o

- N

ol (=]

o o
T T

-

o

o
T

a1
o

Maintenance energy requirement (kcal/d)
N
o1
o

N
w

4 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 National Research
Council® (-.---.). Allometric equations predicted from the present study were
56-2 kcallkg BW %% and 131-8 kcal’lkg BW>%6® for light and normal cats
and heavy cats, respectively, in the present study. The corresponding predic-
tive equations from the National Research Council® were 100 kcal/kg
BW %7 and 130 kcallkg BW %4 for light and normal cats and heavy cats,
respectively.

heavy cats from the present study and those of the NRC for
light and normal cats and heavy cats. The prediction
of energy requirements for maintenance of BW from the
present study for light and normal cats and heavy cats is
consistent with the actual ME requirements reported in
the literature (Fig. 1) and suggests that the current NRC®
recommendations over-predict the energy requirements for
light- and normal-weight domestic cats. Over time this
additional ME intake could lead to weight gain that may
exacerbate specific orthopaedic, endocrine, cardiovascular
and neoplastic diseases associated with obesity'®. However,
when using predicted allometric equations either from the
present study or those by the NRC, care should be taken to
feed an individual cat to its specific requirements based on
body condition and exercise levels due to the individual
variation that exists among cats.

The amount of variation explained in both the overall,
normal and combined light and normal cat groups was
low, with an adjusted R? < 0-479, which prompted the
investigation of factors that may have influenced the results.
These factors included sex and neuter status, and methodology
used to determine maintenance energy requirements.

The NRC® highlighted that cats classed as ‘normal’ may
indeed be overweight and that energy requirements for
maintenance would be better expressed on the basis of fat-free
mass. On average, lean body mass was 3-2 (SE 0-1) kg, ranging
from 2.0 to 4-2kg (Table 4). Mean maintenance energy
requirements, when expressed on the basis of fat-free (lean)
mass, were 68:6 (SE 1.9) kcal/kg lean mass, ranging from
42-8 to 90-3 kcal/kg lean mass (thirty-nine treatment groups).
The allometric equation generated for this dataset equated to
58-4 kcal/kg lean mass~ "' (adjusted R? 0-690; thirty-four
treatment groups). The amount of variation explained by
this model was nearly twice that of the allometric equations
generated from BW data.

Age effects

Data showing maintenance energy requirements according to
age are presented in Table 2. Forty-seven treatment groups
did not have any information on the age of the cats so data
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Table 4. Mean maintenance energy intakes for domestic cats based on fat-free (lean) mass

(Mean values, standard errors and ranges)

ME intake
ME intake (kcal/d) Fat-free mass (kg) (kcal/kg fat-free mass)
n Mean SE Range Mean SE Range Mean SE Range

All cats 38 223-1 109 104.5-379-2 32 0-1 2.0-4-2 68-6 1.9 42-8-90-3
Light-weight cats (<3kg) 7 143-5 129 104-5-192.7 21 0-1 2.0-2-2 67-7 5.6 52-1-90-3
Normal-weight cats (3-0—5-5kg) 26 2339 12.1 134.9-379-2 34 0-1 2:4-4.2 67-7 22 42.8-90-3
Heavy-weight cats (>5-5kg) 5 2789 98 260-5-305-0 37 0-1 3-6-3-9 752 35 68-6—84-1
Entire female 3 188-3 336 137-3-251-6 25 0-3 2:1-3-1 75-0 51 64-8—80-3
Entire male 6 2739 298 171.5-349.6 36 0-3 2.8-4.2 74-6 35 61.9-85-3
Neutered female 8 187-9 90 162.0-229-3 2:6 0-1 2:1-3.0 712 39 56-0—90-3
Neutered male 7 230-5 30-3 134.9-379-2 36 0-3 2:6-4.2 64-6 62 42.8-90-3
Mix 14 225.3 18-4 104-5-305-0 32 0-2 2.0-3.9 655 2.7 52.1-84-1
Young (0-5—2-0 years)*

Adult (2-0—7-0 years) 22 2189 144 104.5-379-2 3-0 0-2 2.0-4.2 69-5 2:2 52.1-90-3
Senior (>7-0 years) 7 200-3 16-5 167-1-286-3 34 0-3 2-4—-41 60-2 4.3 42.8-73-8
Unknown 5 276-8 10-9 250-0—305-0 3.7 0-1 3-5-3.9 76-0 32 68-6—-84-1
Feeding experiments 6 2146 22.3 168-8—300-2 36 0-2 3-0-4-1 60-7 6-0 42.8-84-1
Indirect calorimetry 15 2182 170 104-5-305-0 3.0 0-2 2.0-4-1 65-4 2.2 52-1-83-3
Doubly-labelled water 17 230-5 18-2 134.9-379-2 31 0-2 2-1-4.2 74-0 2:6 52-8—90-3

ME, metabolisable energy; n, number of treatment groups.
*No data were reported in young cats (>2 years) on the basis of fat-free mass.

from the remaining sixty-eight groups were used to determine
maintenance energy requirements (Table 1). Despite this, age
was seen to have a significant effect on the daily energy
required for maintenance (P<<0-05; Table 2). When expressed
as a proportion of BW, daily energy requirements were higher
(P<<0-05) in young cats (59-4 (SE 2-1) kcal’/kg BW; thirty-four
treatment groups), compared with adult cats (48-4 (SE 1-8)
kcal’/kg BW; twenty-seven treatment groups). However,
senior cats (484 (SE 4-2) kcal’/kg BW; seven treatment
groups) had similar energy requirements to both young and
adult cats (P>0-05).

Back-transformed allometric equations identified that young
cats had daily maintenance energy requirements of 66-1 kcal/
BW70878, while adult cats needed 72-4kcal/BW ™ %7%* and
senior cats 67-6kcal/BW °78" (Table 3). The allometric
equations determined in the present study for young cats
(Table 3) imply that young cats have higher energy require-
ments than older cats. For young cats, the regression model
explained 59-6 % of the variation of the data; however, less
variation was explained in adult (adjusted R? 0-457) and
senior (adjusted R % 0-173) groups. Kienzle ez al. 7 suggested
that low exponentials of BW may be due to higher incidences
of overweight cats in the population.

When expressed on the basis of fat-free mass, age had a
significant influence on maintenance energy requirements
(P<<0-05; Table 4). However, on analysis of the data there
was no difference (P>0-05) between adult (69-5 (SE 2-2)
kcal/kg lean mass per d; twenty-seven treatment groups)
and senior cats (60-2 (SE 4-3) kcal/kg lean mass per d; seven
treatment groups), with cats of unknown age status having
the highest energy requirements (759 (SE 3-2) kcal/kg lean
mass per d; five treatment groups).

Published data on the effects of age on energy requirements
are extremely variable. Burger(]), Harper et al. a® - and
Peachey et al. 19 have all shown that energy requirement
does not change with age. Similarly, Taylor et al. "> found
no effect of age on ME intake in cats up to 10 years old.

However, 12- to 14-year-old cats have been reported as
having significantly higher daily energy requirements(ls).
A retrospective analysis of colony cats showed that daily
energy requirements decreased from 74kcal’/kg BW in
young adult cats (>2-6 years of age) to 51 kcal’kg BW in
older adults (7—15 years of age)®. Similarly, Kienzle
et al. " suggested that the daily requirements of cats over
6 years did not change, averaging 130 kcal/kg BW %40 (equiv-
alent to 67kcal/lkg BW in a 3kg cat). Nguyen et al. @
observed an age effect on energy requirements in castrated
male cats. Scarlett et al. @V suggested that age effects may
be masked by weight effects, as older cats tend to be less over-
weight than adult and younger cats.

Sex and neuter effects

Neuter status significantly affected daily maintenance energy
requirements in cats (Tables 2 and 4; P<0-001).
When expressed as energy intake per d, reproductively
entire male cats (280-3 (SE 18-3) kcal/d; twelve treatment
groups) tended to have higher (P<<0-10) energy requirements
than reproductively entire female cats (215-0 (SE 12-4) kcal/d;
twelve treatment groups). However, when expressed as a pro-
portion of BW this effect was not apparent. This trend was
observed in neutered male (55-2 (SE 3-2) kcal/kg BW; fourteen
treatment groups) and female cats (58-2 (SE 2-4) kcal/kg BW;
twenty treatment groups). Overall, neutered cats (56-6 (SE 2-0)
kcal’kg BW; thirty-four treatment groups) required 10-4 %
less energy than their reproductively entire counterparts
(632 (SE 2-2) kcal’/kg BW; twenty-four treatment groups;
P<0-05).

When expressed on the basis of fat-free mass (kcal/kg fat-
free mass), sex had no influence (P>0-05) on maintenance
energy requirements (Table 4).

As previously observed for age, the effects of neutering on
energy requirements also differed among studies. Kanchuk
et al.®® found that neutering increased daily energy
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(23) @4

expenditure, while Flynn et al *~’, Martin et al. and
Nguyen er al. @ all observed a decrease in energy expendi-
ture and ME intake, in neutered animals. In contrast, both
Fettman et al.® and Nguyen et al. 2% showed no
difference in RMR and energy expenditure after neutering.
Harper er al. '® observed that the average daily energy
requirement for maintaining BW in neutered females was
45kcal/kg BW. Differences between male and female cats
in their response to neutering may also exist. Hoenig & Fergu-
son®” observed no effect of neutering on male cats; however,
there was a significant reduction in daily energy requirements
in female cats post-neutering. Additionally, Fettman et al. @
showed that, while there were no differences due to neutering,
neutered females had higher RMR than neutered males.

Methodology effects

Table 2 indicates the average values for the different methods
of determining maintenance energy requirements. The method
used to determine maintenance energy requirements had no
effect on daily energy requirement; however, there was a
significant effect (P<<0-01) on energy requirements when
expressed as a proportion of BW. IC (50-0 (s 1-5) kcal/kg
BW/d; thirty-eight treatment groups) gave slightly lower
values than FE methodology (58:6 (SE 1-6) kcal/kg BW/d;
fifty-nine treatment groups; P<0-05) and DLW (59-2
(SE 2-4) kcal/kg BW/d; eighteen treatment groups; P<<0-10).
However, as it is likely that cats measured using IC would
be less active (i.e. in calorimetric chambers), this is not
surprising. The allometric equations reported in Table 3
differed slightly from those reported by Nguyen er al. *®
for FE (150kcal Xx BW™**%), DLW (83 kcal x BW ™ **°) and
IC (54 keal X BW ™ %%),

When expressed on the basis of fat-free mass, methodology
influenced maintenance energy requirements (Table 4),
with DLW (739 (SE 2.6) kcal/kg lean mass per d; seventeen
treatment groups) values higher (P<<0-10) than both IC
(654 (s 2-2) kcal/kg lean mass per d; fifteen treatment
groups) and FE (60-7 (SE 6-0) kcal/kg lean mass per d; six
treatment groups).

Points for reflection

Maintenance energy requirements for domestic cats in the
present study were determined by a retrospective analysis of
the data in the literature, and were affected by factors such
as BW, age and the sex of the cat. The equations for normal
and light cats (56-2kcal/kg BW %96y and heavy cats
(131-8 kcal/kg BW 3% in the present study were lower
than those reported by the NRC®. We recommend that
three allometric equations should ideally be used when pre-
dicting the energy requirements for the maintenance of BW
in the cat, namely light (53-7kcal/lkg BW ™ "°°") normal
(46-8 kcal/lkg BW ™ "119) and heavy (131-8 kcal/lkg BW~%36),
However, the large variation among treatment groups may
partly explain the relatively low relationships (as indicated by
R 2) between BW and ME requirements. Therefore, care must
be taken when applying these equations to individual animals.
Ideally, allometric equations based on body condition score
would be more informative than those based on BW. However,
with the present dataset there are not enough publications

reporting body condition scores and corresponding energy
requirements for these to be determined. Authors and reviewers
of future publications could look at including a more detailed
set of background data in their publications so that these
equations can be determined.

The use of lean mass to assess the maintenance energy
requirements for domestic cats seemed to be less influenced
by factors such as the weight and sex of the animal. While
age had an effect on the maintenance energy requirements
when expressed on the basis of lean mass, this may be a
function of the lack of information in most of the age
groups. A limitation of the present study is the assumption
that normal cats weigh between 3-0 and 5-5kg and cats with
BW greater than 5-5kg are heavy. It appears from the present
study that lean body mass is the best predictor of maintenance
energy requirements. If this is the case, there is a need to
report background details concerning the body composition
of the cats studied in such trials, so that a more accurate
prediction of ME requirements can be made. Determining
lean body mass is expensive and may not always be practical
for determining the ME requirements for a particular cat
population. Therefore the use of other tools (for example,
The Feline Body Mass Index™) or using body condition
score to assess leanness may be more practical.

For the purpose of the present review, it was assumed that
physical activity of cats in colony settings would be relatively
low, and resting energy expenditure as measured by IC was
used as an accurate estimate of ME requirements. Unpublished
results at the Waltham Centre of Pet Nutrition supported this
claim. However, from the results of our analysis there was an
effect of the methodology used when energy requirements
were expressed as a proportion of BW, suggesting that the
physical activity of colony cats may be higher than originally
suspected.

In the literature, there were little data from older cats,
especially those greater than 14 years of age. Similarly, 120
out of 123 treatment groups were colony cats (Table 1), with
only the remaining three groups being pet cats. Colony cats
included those in normal colony populations(ls’lg), or those
used to elucidate a wide range of dietary effects®® 31, Pet
cats were adult cats sourced from private households and mon-
itored in the laboratory(32’33). There are no published reports
describing the energy expenditure of cats within a domestic
home environment. It is likely that cats in the home environ-
ment may have even higher energy requirements than their
colony counterparts, as they have the freedom to roam, and
may require higher energy intake to maintain BW. Finally, all
studies were carried out in laboratory environments, thus
excluding any possible effects of environmental temperature
fluctuation on energy requirements. This forms an important
area of investigation for the future. A recent review by
Hill®® highlighted problems trying to extrapolate energy
requirement data from healthy colony animals to pets at home
which may have more or less exercise, be kept in a warmer
or more controlled environment, are more likely to be over-
weight, and/or are a different breed to the standard colony cat.

Conclusions

The ME requirements reported in the present study were
lower than those reported by the NRC, and this may have a
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significant impact on the feeding levels of cats and longer-
term issues with obesity and related diseases. However,
there was large variation among cats in the energy require-
ments for maintenance. Therefore care must be taken when
devising the ME requirements for an individual cat, and
other measures such as body condition score should be used
to determine a more accurate ME requirement. Finally, the
review highlighted the lack of data at the ‘extreme’ ends of
the spectrum, namely, the lightest and oldest cats and those
maintained in outdoor environments. The amount of variation
in cat populations, and the scarcity of information available
for young, senior and entire cats may mask any true differ-
ences in the energy requirements for maintenance of BW.
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