Feeding Large-Breed Puppies
Jennifer Larsen, DVM, PhD, DACVN*
University of California, Davis

Abstract: Growth is a physiologically demanding process that requires adequate amounts of energy as well as optimal
intake of essential nutrients. Key nutritional factors, including energy and calcium, have been identified as important
during growth. Large-breed puppies have a genetic tendency toward fast growth rates that can stress developing
skeletal structures and result in malformations if left unchecked. Overnutrition in large-breed puppies leads to not
only heavier body weight but also faster bone growth with abnormal bone remodeling. The end result is a larger but
less dense skeletal structure supporting a load that is heavier than ideal. Controlling the growth rate and providing
nutrients in amounts adjusted for energy intake can help decrease the risks of skeletal abnormalities caused by rapid
growth in large-breed puppies.

V

eterinarians are regularly asked about diet selection for puppies. Owners often receive advice from
breeders or friends or read the Internet for tips on
how to feed their puppy; however, the soundness of these
recommendations is variable, and some are unsafe. Several
orthopedic diseases of dogs can be precipitated by improper
feeding practices during growth. Rickets and other developmental diseases can be devastating and have lifelong effects.
However, less dramatic disorders of orthopedic development secondary to dietary causes may be more common.
Large-breed puppies are predisposed to these problems
due to their genetic potential for excessively rapid growth.
Additionally, excessive body weight can stress the immature, developing skeleton. If energy intake is not controlled,
or if the mineral balance of the diet is not within a safe
range, developmental orthopedic disease (DOD) can result.
Although genetics, exercise, trauma, and other factors can
affect the skeletal development of puppies (FIGURE 1), the
diet is one factor that every owner can control.

Key Nutritional Factors
Many nutrients have been studied to determine which
dietary components cause DOD, which includes hypertrophic osteodystrophy, osteochondrosis dissecans, and
cervical spondylomyelopathy (“wobbler” syndrome). A significant amount of data has been published to describe the
connection between improper nutrition and a variety of
skeletal abnormalities in Great Danes. One of the first stud*Dr. Larsen discloses that she has received financial benefits from
Kemin Industries, Nestlé Purina PetCare, and Royal Canin.

ies used experimental diets that varied in protein concentration, energy density, and mineral concentrations, and it was
unclear which factor or combination thereof contributed
to the abnormalities observed, including osteochondrosis
with lameness and deformity.1 The same group of researchers went on to investigate the individual dietary compoFIGURE 1
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The etiology of developmental skeletal disease is often
multifactorial. Genetics, environment, and diet are all important
components of proper growth.
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nents and demonstrated that dietary protein concentration
had no effect on skeletal development.2 Despite these data,
high dietary protein concentrations continue to be incriminated by some owners, breeders, and veterinarians as a
contributing factor in DOD. In contrast to protein, excessive
calories and inappropriate amounts of calcium have both
been shown to negatively influence skeletal development
in large-breed puppies.

Energy
Many people believe that a round puppy is a happy, healthy
puppy. However, consumption of excessive energy is
undesirable in dogs of any age. Fast growth and excessive
body weight can predispose large-breed puppies to DOD,
including osteochondrosis.3 Fast bone growth increases
rates of remodeling, resulting in structural defects such as
decreased density; affected bones are, in turn, unable to
accommodate increased body weight. Compared with puppies of smaller breeds, large-breed puppies have decreased
bone density, so they are more vulnerable to stress from
excess weight loads.3 Adult size is principally influenced by
genetics; however, the time to reach adult size should be
controlled by proper nutrition, especially for at-risk breeds.
While research has demonstrated that rapid growth
results from ad libitum feeding of energy-dense diets and
that excessive body weight has an adverse effect on skeletal
development,1,3 studies have not been done to determine
optimal energy densities of growth diets. The energy density of a diet on a weight basis is a function of the fat, fiber,
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and moisture concentrations and should be balanced with
the practical feeding of a volume that will satisfy both the
owner and the puppy. Any food has the potential to cause
problems with skeletal development if overfed; however,
maximal growth in puppies commonly occurs with feeding a highly palatable, high–energy density growth diet.
Owners should be educated that maximal growth is not
optimal growth and that encouraging slower growth with
proper feeding practices will not result in a smaller adult
body size.
Feeding on a free-choice basis or feeding too much on
a meal basis can result in overeating regardless of energy
density. A body condition score (BCS) is a tool that can
easily be adopted and used by veterinarians.4 Assessing
and recording body weight and BCS for every pet at every
visit is useful for tracking trends and identifying problems.
Owners should also be taught to use the BCS to evaluate their pets because healthy puppies undergo veterinary
examination only intermittently during the growth period,
and educating owners about the risks of improper feeding
methods helps them to successfully manage their growing
puppy.
Energy requirements for puppies are approximately
three times the resting energy requirement (RER; [70 × body
weight in kg] 0.75) until 4 months of age, then two times the
RER for the remainder of the growing period.5 However,
there is no equation to guarantee an optimal rate of growth
for an individual puppy, and the equations should be used
as a starting point and adjusted as needed to maintain
a lean body condition. Breed and individual differences,
environmental factors such as climate, and activity level all
affect the amount of food required. Providing a properly
measured amount of food throughout growth allows a slow
growth rate without adversely affecting final adult size. The
goal is to keep growing puppies at a BCS of 4 on a 9-point
scale and to maintain this leanness throughout life to promote health and longevity.6 The owner should assess the
puppy’s body condition regularly, and the amount of food
being offered should be adjusted accordingly.

Calcium and Other Nutrients
In addition to excessive energy intake, inappropriate
amounts of calcium have also been shown to increase the
risk of DOD.7 Many breeders and dog fanciers advocate calcium supplementation for growing pups; however, excess
calcium is potentially very detrimental to the development
of a healthy skeleton. Calcium supplements should not be
recommended for healthy puppies eating commercially
available complete and balanced diets. Unlike adult dogs,
puppies appear to have inefficient mechanisms for regulating how much dietary calcium is absorbed from the intestinal tract, which can result in excessive absorption and
retention of calcium, especially when the dietary calcium

Compendium: Continuing Education for Veterinarians® | May 2010 | Vetlearn.com

concentration is high.8,9 Excessive calcium can result in
skeletal malformation10 and can cause deficiencies in other
nutrients, especially zinc.11
Feeding a diet with too little calcium is equally problematic. Nutritional secondary hyperparathyroidism develops
much more quickly and with more serious consequences in
puppies compared with adult dogs. In this condition, parathyroid hormone concentrations increase, subsequently
increasing calcium release from the skeleton and potentially
resulting in soft, malformed bones and pathologic fractures.
Many home-prepared diets, even those that include bone,
do not provide appropriate concentrations of calcium and
other essential nutrients.12,13 Many vitamins and minerals,
including phosphorus, vitamin D, vitamin A, copper, zinc,
and manganese, are also important for proper skeletal formation, and deficiency or excess of one or more of these
nutrients has been associated with abnormal orthopedic
development during growth in dogs. Dietary phosphorus
concentrations, in particular, must be considered in relation
to calcium concentrations. The ratio of calcium to phosphorus should be approximately 1:1 to 1.5; however, absolute
amounts of each nutrient appear to be more important than
the ratio per se.8 Clinical experience supports this, as developmental problems with extreme ratios in the presence of
adequate dietary concentrations of calcium and phosphorus have not been reported.

KEY POINTS

• Adult foods are often inadequate for large-breed
puppies. Choose a diet formulated for large-breed
growth instead.
• Avoid supplementation with vitamin and mineral
products.
• Keep growing puppies lean to reduce the risk of
abnormal skeletal development.

less energy-dense food with less dietary calcium. However,
this advice is much too vague to be widely and safely interpreted. The broad category of adult canine maintenance
foods encompasses hundreds to thousands of diets with
an extremely wide range of nutrient profiles, caloric densities, and mineral contents. In fact, some foods marketed for
adult maintenance have been formulated to be adequate for
growth, while others have not. In many instances, maintenance diets provide more calcium per calorie and/or have
more calories per cup than growth diets designed for largebreed puppies, and some greatly exceed the NRC’s safe
upper limit for calcium intake for puppies.16
The total amount of calcium consumed depends on the
energy density of the diet and the energy requirement of
the puppy, and nutrient requirements are established based
Diet Selection
on assumptions of dietary energy density. Variations in
Research investigating the optimal dietary calcium concen- energy density can result in either suboptimal or supraoptration for growing puppies has typically compared dogs of timal intake of total calcium; for example, diets that have
extreme sizes (miniature poodles and Great Danes); how- high calcium concentrations relative to energy or that have
ever, it is generally accepted that the findings also apply to a high energy density result in a greater overall calcium
other breeds and sizes of dogs. Generally, three ranges of intake. In most cases, growth diets formulated for puppies
calcium intake have been investigated: low (0.3% to 0.5% of all sizes as well as those for large breeds provide calcium
dry matter [DM]), medium (1.1% to 1.2% DM), and high concentrations in the safe range; however, those formulated
(>3% DM). Few data report the results of feeding calcium specifically for large breeds are less energy dense and thereconcentrations between these ranges. One study showed fore are less likely to be overfed. A diet specifically formupoor growth rates in puppies of various breeds and sizes lated for growth that has passed standardized feeding tests
that were fed diets providing calcium at ≤0.9% DM or ≥2.3% is preferred; the guidelines for these tests are established by
DM.14 Both large and small breeds appear to grow safely AAFCO.15 The growth diet should be fed until growth plate
when consuming diets that provide 1.0% to 1.5% DM calcium closure has occurred, which likely varies with both geno(or approximately 3 g calcium per 1000 kcal). For canine type and phenotype because it is influenced by the rate of
growth diets, the Association of American Feed Control growth, the presence of joint dysplasia, and hormones (and
Officials (AAFCO) has established a minimum of 1% DM therefore neuter status).17,18 It is not detrimental to keep a
calcium (with a maximum of 2.5% DM for both growth and healthy, lean puppy on growth formula until full adult size
maintenance),15 while the National Research Council (NRC) is achieved. When such a diet is fed, vitamin and mineral
provides a recommended allowance for growing puppies of supplements are unnecessary and potentially harmful.
1.2% DM calcium (with a maximum of 1.8% DM for growth),
References
with no distinction for breed size or growth rate.16
1. Hedhammar A, Wu F, Krook L, et al. Overnutrition and skeletal disease: an experiMany nonveterinary sources—and some veterinarians— mental study in growing Great Dane dogs. Cornell Vet Suppl 1974;64(2 suppl 5):5-160.
advise owners of large-breed puppies to feed commercially 2. Nap RC, Hazewinkel HAW, Voorhout G, et al. Growth and skeletal development in
Great Dane pups fed different levels of protein intake. J Nutr 1991;121:107S-113S.
available adult dog foods. The goal of this practice is pre- 3. Dammrich K. Relationship between nutrition and bone growth in large and giant
sumably to prevent excessive growth rates by providing a dogs. J Nutr 1991;121:114S-121S.
Vetlearn.com | May 2010 | Compendium: Continuing Education for Veterinarians®

E3

4. Laflamme DP. Development and validation of a body condition score system for
dogs. Canine Pract 1997;22:10-15.
5. Thatcher CD, Hand MS, Remillard RL. Small animal clinical nutrition: an iterative
process. In: Hand MS, Thatcher CD, Remillard RL, et al, eds. Small Animal Clinical
Nutrition. 5th ed. Topeka, KS: Mark Morris Institute; 2010.
6. Kealy RD, Lawler DF, Ballam JM, et al. Effects of diet restriction on life span and
age-related changes in dogs. JAVMA 2002;220(9):1315-1320.
7. Hazewinkel HAW. Nutrition in relation to skeletal growth deformities. J Small Anim
Pract 1989;30:525-630.
8. Hazewinkel HAW, van den Brom WE, van‘t Klooster AT, et al. Calcium metabolism in Great Dane dogs fed diets with various calcium and phosphorus levels. J Nutr
1991;121:99S-106S.
9. Tryfonidou MA, van den Broek J, van den Brom WE, Hazewinkel HAW. Intestinal
calcium absorption in growing dogs is influenced by calcium intake and age but not
by growth rate. J Nutr 2002;132:3363-3368.
10. Goedegebuure SA, Hazewinkel HAW. Morphological findings in young dogs chronically fed a diet containing excess calcium. Vet Pathol 1986;23:594-605.
11. Wedekind KJ, Lowry SR. Are organic zinc sources efficacious in puppies? J Nutr
1998;128:2593S-2595S.

E4

12. Lauten SD, Smith TM, Kirk CA, et al. Computer analysis of nutrient sufficiency of published home-cooked diets for dogs and cats [abstract]. J Vet Intern Med
2005;19(3):476.
13. Streiff EL, Zwischenberger B, Butterwick RF, et al. A comparison of the nutritional
adequacy of home-prepared and commercial diets for dogs. J Nutr 2002;132(6 suppl
2):1698S-1700S.
14. Laflamme DP. Effect of breed size on calcium requirements of puppies. Compend
Contin Educ Pract Vet 2001;23(9A):66-69.
15. Association of American Feed Control Officials, Inc. Official publication of the Association American Feed Control Officials. Oxford, IN: AAFCO; 2010.
16. National Research Council ad hoc Committee on Dog and Cat Nutrition. Nutrient
Requirements of Dogs and Cats. Washington, DC: National Academies Press; 2006.
17. Todhunter RJ, Zachos TA, Gilbert RO, et al. Onset of epiphyseal mineralization and
growth plate closure in radiographically normal and dysplastic Labrador retrievers.
JAVMA 1997;210(10):1458-1462.
18. Salmeri KR, Bloomberg MS, Scruggs SL, Shille V. Gonadectomy in immature dogs:
effects on skeletal, physical, and behavioral development. JAVMA 1991;198(7):11931203.

Compendium: Continuing Education for Veterinarians® | May 2010 | Vetlearn.com

©Copyright 2010 MediMedia Animal Health. This document is for internal purposes only. Reprinting or posting on an external website without written permission from MMAH is a violation of copyright laws.

