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Abstract
Research in rodents has shown that dietary vitamin A reduces body fat by enhancing fat mobilisation and energy utilisation; however, their
effects in growing dogs remain unclear. In the present study, we evaluated the development of body weight and body composition and
compared observed energy intake with predicted energy intake in forty-nine puppies from two breeds (twenty-four Labrador Retriever
(LAB) and twenty-five Miniature Schnauzer (MS)). A total of four different diets with increasing vitamin A content between 5·24 and
104·80 mmol retinol (5000 –100 000 IU vitamin A)/4184 kJ (1000 kcal) metabolisable energy were fed from the age of 8 weeks up to 52 (MS)
and 78 weeks (LAB). The daily energy intake was recorded throughout the experimental period. The body condition score was evaluated
weekly using a seven-category system, and food allowances were adjusted to maintain optimal body condition. Body composition was
assessed at the age of 26 and 52 weeks for both breeds and at the age of 78 weeks for the LAB breed only using dual-energy X-ray absorptiometry. The growth curves of the dogs followed a breed-specific pattern. However, data on energy intake showed considerable variability
between the two breeds as well as when compared with predicted energy intake. In conclusion, the data show that energy intakes of puppies
particularly during early growth are highly variable; however, the growth pattern and body composition of the LAB and MS breeds are not
affected by the intake of vitamin A at levels up to 104·80 mmol retinol (100 000 IU vitamin A)/4184 kJ (1000 kcal).
Key words: Dog growth: Vitamin A: Body composition: Energy intake

Adequate nutrition is a key factor for the optimal development
of young dogs. Vitamin A is an essential nutrient for dogs;
however, intake of dietary vitamin A can be variable and is
dependent on the natural levels of vitamin A found in some
raw materials used in petfood, especially liver. Previously, it
has been shown that growing as well as adult dogs can
tolerate a wide range of vitamin A levels in their diet(1 – 3)
due to their capacity to increase the levels of retinyl esters
in serum(4) and the ability to excrete vitamin A as both retinol
and retinyl esters in the urine(3,5 – 7). The impact of vitamin A
and its metabolic product retinoic acid on energy metabolism
in dogs is not clear, although data from rodents indicate an
influence of retinoic acid on both thermogenesis and lipid

synthesis via its actions when bound to the retinoic acid
receptor(7,8). The main effect seems to be linked with the
induction of uncoupling protein 1 (thermogenin) in brown
adipose tissue. Mouse data show an increase in lipid oxidation
in muscle tissue by retinoic acid(9), and retinoids have been
shown to induce uncoupling protein 3 in the muscle tissue
of mice(10).
Data on the safety of dietary vitamin A intake at levels up to
104·80 mmol retinol (100 000 IU vitamin A)/4184 kJ (1000 kcal)
have been reported previously with regard to the markers
of vitamin A metabolism, haematological and biochemical
variables and dual-energy X-ray absorptiometry(3). In the
present study, we evaluated the development of body

Abbreviations: LAB, Labrador Retriever; ME, metabolisable energy; MS, Miniature Schnauzer.
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weight and body composition and compared observed energy
intake with predicted energy intake in response to the potential impact of dietary vitamin A intake. Our hypothesis was
that energy intake and accumulation of body fat in growing
dogs would be unaffected due to the well-documented high
tolerance to such levels of dietary vitamin A.

Experimental methods
The research protocol was evaluated and approved by the
WALTHAMw Internal Ethics Committee. The protocol has
been described in detail previously(3), and the experimental
set-up is summarised briefly in the present study.
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Animals and housing
The study was completed by forty-eight puppies from two
different breeds, Labrador Retriever (LAB) and Miniature
Schnauzer (MS). The puppies were group-housed with their
mother until 8 weeks of age. Thereafter, they were housed
in pairs in environmentally enriched kennels. The puppies
had free access to an attached outdoor area, and participated
daily in training and socialisation activities.
All puppies were neutered between week 36 and week 52.

Clinical examination
The puppies underwent physical examination before the start
of the trial and every 4 weeks thereafter. Particular attention
was paid to the signs of joint or muscle pain. In addition, any
illness or injury between the examinations that required
veterinary attention was considered as an adverse event.
Adverse events were classified into ten categories: poor faecal
quality; vomiting; foreign body ingestion; lameness; accident/
injury; skin conditions; eye conditions; ear conditions; dental
conditions; urinary conditions. On each occasion, the type
and duration of treatment were recorded.
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The allocation of puppies to the diets with four different
levels of vitamin A has been described by Morris et al.(3).
In brief, the diets contained the following levels of vitamin A
per 4184 kJ (1000 kcal) ME: 5·24, 13·10, 78·60 and 104·80 mmol
retinol (5000, 12 500, 75 000 and 100 000 IU vitamin A)/4184 kJ
(1000 kcal), respectively.
Although not fully validated in puppies, the body condition
score was evaluated weekly using the WALTHAMw S.H.A.P.E.
(Size, Health And Physical Evaluation) guide(13), which is a
seven-category system that uses visual and palpable
characteristics to determine the amount of subcutaneous and
abdominal fat. Each category is assigned an alphabetical
character from A (underweight) to G (obese), with D
representing ideal where the outline of the ribs can be felt
while applying light pressure when running the fingertips
against the direction of the coat.
Feeding allowances were calculated from the amounts
consumed during the previous week and adjusted weekly
with the aim of maintaining the puppies on standard growth
curves with ideal body condition scores(13,14).

Body composition
The puppies of both breeds were scanned at 26 and 52 weeks
of age, and the LAB puppies were also scanned at 78 weeks
by means of dual-energy X-ray absorptiometry (total body
software package, Lunar Hologic QDR-1000W; GE
Healthcare). The puppies were fasted for at least 16 h and
sedated with Torbugesic (0·3 mg/kg; Pfizer Animal Health),
Medetomidine (MS breed: 20 mg/kg, LAB breed: 5 mg/kg;
Pfizer Animal Health) and Midazolam (MS breed:
0·25 mg/kg, LAB breed: 0·20 mg/kg; Roche Limited), and
reversed with Atipamezole (0·1 mg/kg; Pfizer Animal
Health). Estimates of lean body mass and fat mass
were derived using the provided proprietary software
package.

Data analysis and statistics
Diet and feeding
The base diet used was a standard dry commercial recipe
(Perfect Fit Junior; Mars GmbH) compliant with the 2008
FEDIAF (European Pet Food Industry Federation) recommendations(11) for growth and reproduction.
The predicted metabolisable energy (ME) of each batch of the
diet was calculated according to the National Research
Council(12), and the results of this calculation were multiplied
by the factor 4·184 to convert kcal to kJ. The calculated mean
energy density of the diet was 16 640 (SD 582) kJ/kg (n 10
batches). Details about the nutrient composition and feeding
regimen have been provided by Morris et al.(3). Briefly, the
maternal bitch was fed the base diet throughout lactation until
the puppies were fully weaned to the base diet at 6 weeks
of age. Between weeks 8 and 26, the puppies were offered
their daily ration in three meals and from week 27 until the
end of the trial (week 52 for the MS breed and week 78 for the
LAB breed) in two meals. Free access to drinking-water was
given at all times.

Data were analysed by means of a linear mixed model analysis
including the fixed terms sample number (through time), sex,
breed and dietary group, and also the baseline measurement
of the variable was modelled. The model included the
random terms dog and litter (taking account of possible
similarities between littermates), with a correlation between
successive samples (within an individual dog) accounted for
by using an appropriate correlation structure (determined
using graphical methods of residuals from a model with an
identity correlation structure). Where necessary, data were
log transformed to improve the distribution of the data, as
assessed by residual plots. Non-significant terms were
removed from the model.
Statistical analyses were performed using R2.10.1 (R Foundation for Statistical Computing) using the nlme package(15,16).
For the comparison of the energy intake of puppies in the
trial with their predicted energy intake(12,17), a linear mixed
model was first fitted to the energy intake data with breed,
week and breed £ week interaction as fixed factors, litter and
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dog (nested in litter) as random factors, and an autoregressive(1)
correlation structure to take account of the correlation of
successive measurements within a dog.
The expected energy intake based on the equation cited by
the National Research Council(12,17) was then calculated for
each dog at each week of age, taking the adult weight of a
dog to be the final weight recorded, which was the weight
at week 52 for the MS puppies and at week 78 for the LAB
puppies. The mean predicted ME requirement at each week
was used to construct a predicted ME curve for each breed.
This was then compared with the average actual intake by fitting a linear mixed model (with the same terms as that for the
energy intake data) to the difference between the observed
energy intake and the predicted energy intake to identify
where the predictive equation and the observed energy
intake significantly diverged.
For body composition, a linear mixed model was fitted to
the data with the factors breed, sex, age, vitamin A group,
litter and dog ID (nested in litter). However, as the MS puppies
completed the study at an earlier time point, there were no
data available for this breed at week 78, which means that fitting breed and age as separate fixed factors with an interaction
term in the conventional way was not possible. Therefore, a
concatenated variable ‘BreedAge’ was created that has a
level for each combination of breed and age (excluding
week 78 for the MS puppies), which was used in the model.
The effects of interest around breed and age (testing for
breed effects, changes between the successive levels of age,
and breed £ age interaction effects) were tested using
‘planned contrasts’ that compared combinations of the levels
of BreedAge.
Each body composition endpoint was initially analysed by a
model containing all these terms, with litter and dog ID
considered as random effects and the others as fixed effects.
An autoregressive(1) correlation structure was used to account
for a possible correlation between subsequent time points
within a dog. Error variance was initially allowed to differ
between the two breeds. Non-significant fixed terms were
then subsequently removed (one by one) until a model was
reached where all the fixed effects were significant
(the exception to this was BreedAge, which was left in the
model in order to allow the planned contrasts to be tested).
The ‘breed-specific’ nature of the error variance was also
tested for significance and replaced with a single error
variance estimate if possible. The resulting model was taken
to be the final model. All endpoints were log-transformed
before analysis, and means were exponentiated from the log
scale to the original scale for display purposes and to ease
interpretation.
All endpoints were separately subjected to Bonferroni
correction to account for the presence of multiple endpoints;
the overall significance level used was 0·05. Data are
presented as means and (Bonferroni-adjusted) 95 % CI,
unless otherwise stated, and P values are reported as
Bonferroni-adjusted values. The standard error of the mean
is not reported as the non-linearity of log transformation
(and its inverse) implies that only means and CI can be
back-transformed.

Results
Clinical examination
Poor faecal quality was reported occasionally, with twenty
individual puppies being affected. All cases were resolved
within 3 d. In the LAB breed, two cases of lameness without
any apparent cause were observed; both cases were resolved
following treatment in less than 7 d.

Growth
All puppies maintained an ideal body condition score (score D)
throughout the trial (data not shown). Body weight increased
with time in a breed-specific manner(14) (Fig. 1). Male MS puppies were heavier at 2·1 (SD 0·2) kg, compared with female MS
puppies at 2·0 (SD 0·2) kg at week 8, which accounted for a
difference of 7 % between sexes. This difference increased to
16 % at the end of the trial in week 52. The final body weight
during the observation period was 9·4 (SD 1·2) kg in male MS
puppies and 7·9 (SD 1·0) kg in females. At week 8, the average
body weight of the male LAB puppies was 4·5 (SD 0·4) kg and
the average body weight of females was 4·4 (SD 0·3) kg, which
suggested a 2 % difference between sexes. At the end of the
trial at week 78, this difference increased to 10 % with a final
body weight of 28·9 (SD 3·1) kg in male LAB puppies and
25·9 (SD 1·6) kg in females.
There were no significant differences observed in body
weight between the groups treated with different levels of
dietary vitamin A at any time point (after accounting for sex
and breed) as reported previously(3).

Intake of metabolisable energy
There were no differences in energy intake per kg body
weight or per kg metabolic body weight between the
groups fed different levels of dietary vitamin A(3) (P, 0·05).
The mean energy allowance to maintain optimal body
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Fig. 1. Body-weight development by sex with age in Miniature Schnauzer
(MS) and Labrador Retriever (LAB) puppies. Values are means, with standard deviations represented by vertical bars. , Male LAB; , female LAB;
, male MS; , female MS.
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Between weeks 19 and 26 inclusive, energy intake was
significantly higher (P,0·05) than the predictions of the
National Research Council (Fig. 4).
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There was no significant difference in the percentage of body
fat between the two breeds of either sex at any of week 26,
week 52 and week 78 (week 78 for the LAB puppies only)
(Table 2). The planned contrasts for breed and the BreedAge
interaction showed no significant effect between the breeds.
Although the overall P value for the combinations of the
levels of BreedAge and sex showed a significant effect in
our model (P,0·01), post hoc testing was not able to determine which combination of breed, age and sex was relevant
for the effect. This may be because the interaction term has
a large number of levels and the post hoc procedure consequently involves a large number of pairwise comparisons;
this means that the likelihood of false positives is much
increased and the Tukey procedure is necessarily more
conservative to account for this.
There was no significant difference in the percentage of
lean body mass between the MS and LAB puppies at weeks
26 and 52. The percentage of lean body mass in the LAB
puppies at week 78 was significantly higher than that in the
MS puppies at week 26 (Table 3).
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Fig. 2. Changes in metabolisable energy intake (MEI) with age in Miniature
Schnauzer ( ) and Labrador Retriever ( ) puppies. Values are means, with
standard deviations represented by vertical bars. BW, body weight.
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condition was 890 kJ/kg body weight0·75 per d in the MS
puppies at the beginning of the study at week 8, declining
to 563 kJ/kg body weight0·75 per d at week 52. In the LAB
puppies, the mean energy intake declined from 1263 to
599 kJ/kg body weight0·75 per d at week 78 (Fig. 2).
The relative energy intake (based on kJ/kg body weight per d)
in the MS puppies at 25 % of the mature body weight was
1·58 times the maintenance energy requirement at week 52.
In the LAB puppies, it was 1·91 times the energy intake compared with week 78. This factor increased to 1·77 in the MS
puppies and decreased to 1·65 in the LAB puppies at 50 %
of mature body weight. The factor decreased in both breeds
to 1·33 and 1·18, respectively, at 80 % of mature body
weight. The energy intake of the LAB breed reached a
mature energy requirement of 599 kJ/kg body weight0·75 per d
at 90 % of mature body weight (Table 1).
The energy intake per kg metabolic body weight in the MS
breed deviated from the calculated allowance as derived from
the predictive equation(12,17) from week 8 to 15 and week 18
to 23 inclusive. Until week 15, energy intake was significantly
lower (P, 0·01) than the calculated allowance; between
weeks 18 and 23 inclusive, energy intake was significantly
higher (P, 0·05) than the calculated allowance (Fig. 3). The
ME intake of the LAB breed was significantly lower
(P,0·01) than the calculated allowance only at week 9.

Discussion
The aim of the present study was to examine the possible
effects of different dietary vitamin A concentrations on
energy intake, growth rate and body composition during
growth, using MS as a typical breed of small stature and
LAB as a large breed. Energy intake was measured during
the entire growth phase provided that energy allocation was
adjusted to maintain optimal body condition. Body composition was assessed twice during the first year of life for
both breeds and at 78 weeks of age for the LAB breed due
to the prolonged growth phase. Because of the welldocumented high tolerance of dogs to vitamin A intakes at
levels up to 104·80 mmol retinol (100 000 IU vitamin A)/
4184 kJ (1000 kcal), we hypothesised that there would be no
effect at such levels of vitamin A on energy intake and body
composition in growing dogs. This assumption was confirmed
in principle by experimental data, even if questions on basic

Table 1. Energy intake (EI) by breed at different stages during growth relative to EI at adulthood
(Mean values and standard deviations)
Percentage of mature BW
25 %

35 %

50 %

80 %

90 %

Measures

Breed

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

EI relative to maintenance
EI (basis kJ/kg BW0·75)

MS
LAB

1·58
1·91

0·31
0·33

1·52
1·85

0·21
0·30

1·77
1·65

0·33
0·24

1·33
1·18

0·24
0·18

1·13
1·00

0·23
0·21

BW, body weight; MEI, maintenance energy intake; MS, Miniature Schnauzer; LAB, Labrador Retriever.

MEI (kJ/kg
BW0·75)
563
599

105
81·5
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Fig. 3. Observed ( ) and predicted ( ) metabolisable energy intakes (MEI; kJ/kg body weight (BW)0·75 per d) in Miniature Schnauzer puppies from 8 to 52 weeks
of age. Values are means, with their standard errors represented by vertical bars. * Mean values were significantly different between the observed and predicted
MEI (P, 0·05) during weeks 8 to 15 and weeks 18 to 23 inclusive. It should be noted that the error bars for the observed energy intake naturally include some
element of day-to-day variability while those for the predicted energy intakes do not.

mechanisms of the effects of vitamin A in dogs cannot yet be
answered(7 – 9).
The growth rate of the LAB and MS puppies in the present
study was comparable with the data from other studies(14,18 – 24).
Growth rate is significantly influenced by energy intake. Overfeeding with energy as well as severe under- or over supply of
nutrients can predispose for developmental orthopaedic
disorders, especially in large breeds(21,25 – 28). Lifelong overfeeding has also been shown to have an impact on the

occurrence of skeletal and other dysfunctions in adulthood
and senescence(29). Dietary energy has a key role in
determining growth velocity and affects endocrine regulatory
mechanisms. The increased biomechanical load seems to
increase the risk of musculoskeletal disorders in young
dogs(30), although epidemiological studies are not conclusive(28). In addition to biomechanical effects, high energy intakes
affect the endocrine system, such as insulin-like growth factor I
and thyroid hormones, which in turn control local growth
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Fig. 4. Observed ( ) and predicted ( ) metabolisable energy intakes (MEI; kJ/kg body weight (BW)0·75 per d) in Labrador Retriever puppies from 8 to 52 weeks
of age. Values are means, with their standard errors represented by vertical bars. * Mean values were significantly different between the observed and predicted
MEI (P, 0·05) at week 9 and weeks 19 to 26 inclusive. It should be noted that the error bars for the observed energy intake naturally include some element of
day-to-day variability while those for the predicted energy intake do not.

Impact of vitamin A on growth in dogs
Table 2. Change in total body fat (%) with age in puppies*
(Mean values and 95 % confidence intervals)
Measures
Percentage
of fat

Age (weeks)
26

Breed
MS
LAB

52

MS
LAB

78

LAB

Sex
F
M
F
M
F
M
F
M
F
M

Mean
a

14·3
14·7a
22·1a
18·7a
12·9a
16·8a
19·4a
21·5a
21·4a
22·1a

95 % CI
9·85, 20·9
10·1, 21·2
15·1, 32·5
12·9, 27·0
8·84, 18·8
11·6, 24·3
13·2, 28·4
14·9, 31·2
14·6, 31·4
15·3, 32·0
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MS, Miniature Schnauzer; F, female; M, male; LAB, Labrador Retriever.
a
No significant differences found in any of the pair-wise comparisons (Tukey).
* Data were analysed using a linear mixed model.

factors together with the proliferation of chondrocytes and the
subsequent mineralisation of the newly formed tissue(31). The
definition of optimal growth rates for dogs is difficult and controversial; however, it should consider not only the expected
typical shape of the breed, but also an optimal animal health
status. Hence, an adequate energy supply is a key factor for
the nutrition of young dogs, as has been shown in several
studies with different breeds(21,22,25,32). Data on energy intakes
in specific breeds show considerable variability(12,33), and
there are only a few studies reporting energy intake, growth
rate and body condition in the LAB breed(18 – 20,25,34,35). Unlike
the LAB breed, there are no data available for the energy
needs of the MS breed in the growth period. Comparing the
data collected in the present study with published values of
other small breeds, there seems to be a relatively good agreement with the values obtained for beagles(6,16,22,36 – 41). The
MS breed reached 98 % of the adult body weight at week 48,
which appeared in the expected range of 95–100 % for this
breed(14,22). The LAB breed reached 93 % of the adult body
weight, with an expected range of 88–95 %, respectively. However, body condition of the dogs has not been clearly defined in
many studies. The assessment of body condition of growing
dogs is more difficult compared with adult animals because a
standardised system as for adult animals(13) has not yet been
developed and significant breed-specific influences such as
pelvic circumferences(33) exist. Visual assessment is complicated
due to the observation that increased energy intake results in
increased growth rate, but it is not necessarily leading to a
visually detectable change in body conformation(37). Therefore,
body weight is not an accurate measure to assess body fat
in growing dogs, and the relationship between the body
condition score and body fat has been shown to be more
accurate(33).
There was a good agreement between the observed energy
intake in the LAB puppies and the expected values calculated
by the predictive equation(12,17) up to week 18, but the
equation showed an underestimation in energy requirement
between weeks 19 and 26 inclusive. The energy intake of
the MS puppies was significantly overestimated by the predictive equation(12,17) between weeks 8 and 15, followed by a
period of significant underestimation similar to the LAB
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puppies between weeks 18 and 23 inclusive. The reasons
for such deviations might be breed-specific effects, housing
conditions and the activity level of the dogs. In the present
study, energy intake was the independent variable and feeding allowances were adjusted to maintain the puppies at an
ideal body score. This approach may have led to a shift in
growth rates with lower rates in the beginning followed by
a compensatory phase.
The total amount of energy consumed until the end of
week 52, however, remained for both breeds in a range of
^ 2 % compared with the total predicted energy intake.
Data from beagles and foxhounds have also shown considerable deviations between observed and mathematically
derived energy intakes in young puppies of both breeds(37).
In the cited study, the dogs have been fed to achieve
growth curves corresponding to theoretically expected agedependent weight development. This approach may have
resulted in significant differences in energy allocation, because
the growth capacity of young dogs is determined by individual
factors. The dogs used in the present study were maintained
under conditions that are to a certain extent similar to private
households. The dogs were initially kept in groups and later in
pairs, and were exercised according to age. It is often assumed
that data from colony dogs differ from values for dogs in
private housing. Besides the question of group housing
v. individual housing with an anticipated higher activity level,
it can be expected that many privately owned dogs have
lower energy intakes due to the fact that the level of activity
and ‘intellectual challenge’ is lower. However, variability in
housing conditions is substantial. This could have an impact
on energy expenditure(26), although no data seem to be available for growing canines. The derived values for energy
allowances can be used as guidelines for practical recommendations; however, but it is interesting to see that even in this
highly standardised husbandry condition, data vary considerably between individuals. For a 12-month-old MS breed, the
difference between the lower and upper CI for ME intake
per kg metabolic body weight was 36·3 kJ (^6 %) and for
the LAB breed, it was 39·7 kJ (^ 7 %). Therefore, recommendations and nutritional guidelines should take this variability
into account.
In addition to growth rate, body composition is an essential
feature for the evaluation of growth curves and energy intake.
In the present study, no significant differences were found
Table 3. Change in the percentage of lean body mass with age in
puppies*
(Mean values and 95 % confidence intervals)
Measures
Percentage of
lean body mass

Age (weeks)
26
52
78

Breed
MS
LAB
MS
LAB
LAB

Mean
b

82·9
77·2a,b
81·5a,b
76·3a,b
75·2a

95 % CI
78·6, 87·5
72·3, 82·3
77·3, 86·0
71·6, 81·5
70·5, 80·2

MS, Miniature Schnauzer; LAB, Labrador Retriever.
a,b
Mean values within a column with unlike superscript letters were significantly
different (Tukey).
* Data were analysed using a linear mixed model.
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between the two breeds in the percentage of body fat.
The observed data on the mean percentage of body fat in
the LAB breed were 20·4 % at week 26, 20·5 % at week 52
and 21·8 % at week 78, and were lower compared with
other recent findings in growing LAB(42).
In the MS puppies, the mean percentage of body fat
was 14·5 % at week 26 and 14·9 % at week 52. The percentage
of body fat for both MS and LAB puppies in the present
study was within the range found previously in beagles
and Foxhound-Boxer-Ingelheim Labradors(33). The mean
percentage of lean body mass in the LAB puppies at week
78 was 76·3 %, which corresponds well to the data reported
for adult Labrador Retriever from one previous study(34),
where Labrador Retriever fed ad libitum had a mean
percentage of lean body mass of 70 % compared with 82 %
in the food-restricted group. This indicates an adequate
energy allocation, which was made on the basis of body
condition status.
The possible effects of increased vitamin A intake on growth
intensity and body composition were of particular interest
because there is some evidence in the literature of an effect
of vitamin A and its metabolites on the energy balance of
animals(9). Based on available data on the growth curve as
well as on body composition at the age of 26 and 52 weeks,
no effect of increased vitamin A intakes was observed in the
LAB and MS puppies. Thus, the conclusion seems justified
that dogs raised on vitamin A levels up to 104·80 mmol retinol
(100 000 IU vitamin A)/4184 kJ (1000 kcal) do not respond to a
change in energy expenditure or utilisation. However, the
underlying biochemical mechanisms are not clear. The high
capacity to bind retinol in the form of retinyl esters in plasma
might not result in the disruption of cellular retinoic acid
homeostasis, which seems to have a major impact on energy
metabolism in other species.
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30. Dämmrich K (1991) Relationship between nutrition and bone
growth in large and giant dogs. J Nutr 121, Suppl. 11,
S114– S121.
31. Blum JW, Zentek J & Meyer H (1992) Investigations on the
influence of different energy supply on growth performance
and skeletal development of growing Great Danes. 2. Effects

32.

33.

34.

35.

36.
37.

38.

39.

40.
41.

42.

2111

on the insulin-like growth factor I and on thyroid hormones.
J Vet Med A Physiol Pathol Clin Med 39, 568– 574.
Kealy RD, Olsson SE, Monti KL, et al. (1992) Effects of
limited food consumption on the incidence of hip dysplasia
in growing dogs. J Am Vet Med Assoc 201, 857– 863.
Dobenecker B (2008) Comparison of body weight, body
condition score, and pelvic circumference in dogs to predict
adipose tissue as measured by DEXA. In Proceedings ESVCN
Conference, 25– 27 September 2008, Vienna, Austria.
Kealy RD, Lawler DF, Ballam JM, et al. (2002) Effects of diet
restriction on life span and age-related changes in dogs. J Am
Vet Med Assoc 220, 1315 – 1320.
Kienzle E & Rainbird A (1991) Maintenance energy requirement of dogs: what is the correct value for the calculation of
metabolic body weight in dogs? J Nutr 121, Suppl. 11,
S39 –S40.
Allard RL, Douglass GM & Kerr WW (1988) The effects of
breed and sex on dog growth. Comp Anim Pract 2, 15–19.
Dobenecker B, Endres V & Kienzle E (2011) Energy requirements of puppies of two different breeds for ideal growth
from weaning to 28 weeks of age. J Anim Physiol Anim
Nutr (Berl) 97, 190– 196.
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