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Editorial

FOOD FOR THOUGHT

“Knowledge is the food of the soul” - Plato

Like most branches of science, the road that is the
study of nutrition has been a long and winding one,
and has involved many diversions and wrong turns
into side paths or dead ends to get to where we are
today in terms of knowing what is good - or bad - for
both us and our animals. In fact, there is a good deal
of evidence that the history of dietetics can be traced
as far back to the beginnings of civilization, as
confirmed by the writings of the Greek ancients such
as Homer and Hippocrates. Conspicuous amongst
these are the philosophies of Plato, who offered
authority on almost every aspect of human
knowledge, including what one should or should not
eat. Indeed, his belief in the fundamental principle of
moderation is evident in his references to Greek
cuisine, declaring that the best diet should be based
around cereals, fruits, honey and fish, with red meat
and wine consumed only in modest quantities. Not
that we would necessarily find everything listed on a
Greek menu from 2,000 years ago to be appetizing -
whilst we would no doubt enjoy the olives, figs and
pomegranates, some of the other items would be less
appealing. These included eels, locusts and small
birds, whilst the universally popular garum, a
fermented fish sauce that was liberally used as a
condiment, would find little favor — as would the
famous Spartan black soup, which was made with
boiled pork meat and blood and flavored with salt
and vinegar.

But Plato was ahead of his time in believing that
excessive food intake could lead to ailments, as
evidenced in his advocation for portion control. He
also held that physicians should be responsible for
regulating the human diet, seeing it as a science and
not merely - as in the case of cookery - an art.

So while times change and we
learn more about nutrition, this
issue of Veterinary Focus opens
up the path ahead to direct us
towards better nutrition for our
pets. Unlike the locusts, black
soup or garum, it should leave
the reader wanting more.

In this issue of
Veterinary Focus

Canine microbiome dysbiosis p.02

Jan S. Suchodolski

Myths in cat nutrition p.10
Karolina Hotda

Homemade diets - Good or bad?
p.15

Marjorie L. Chandler

Diet and canine dilated
cardiomyopathy p.22

Jennifer Larsen and Joshua A. Stern

FAQs about cat nutrition p.27
Ana Luisa Lourenco

Pet obesity: new challenges, new solutions
p.33

Alexander J. German

Calcium and phosphorus -
Getting the balance right p.4?2

Linda Boswald and Britta Dobenecker

Ewan McNEILL

Editor-in-chief

fOCUY.



CANINE MICROBIOME
DYSBIOSIS

It is increasingly being recognized that a dysfunctional intestinal
microbiome can be at the root of many gastrointestinal disorders; this
paper discusses the diagnosis and therapeutic options for dysbiosis cases.

KEY POINTS

Dietary
modulation should Fecal microbiota

be the first line of transplantation (FMT)
treatment with dysbiosis is an emerging potential

associated with chronic treatment for dysbiosis,

The intestinal
microbiome is
a metabolic organ that
has a major impact on
the health of the host.

Dysbiosis is an early
marker of an abnormal
gut environment, with
treatment of the

underlying disease being enteropathies, as it is but its use in dogs is still

often clinically effective at the trial stage.
and has minimal side
effects.

required for long-term
resolution.

888 Introduction and therefore the microbiota exerts many beneficial
effects on the host. Important metabolites

The intestinal microbiome is the name given to the include short chain fatty acids (SCFA), indoles and
collective genome of all microbes (i.e., bacteria, secondary bile acids; these have various effects,
viruses, fungi, and protozoa) in the gastrointestinal including anti-inflammatory actions, modulation of
(Gl) tract, with bacteria being the most abundant intestinal motility, inhibition of enteropathogens,
constituent. The microbiome can be seen as both a improvement of gut barrier function, and increased
component of the immune system and as a mucin production (2). Dysbiosis, which is often
metabolic entity, as the bacteria produce secondary to various luminal factors (Box 1),
metabolites that affect both the Gl tract and other leads to altered microbiota function which then
body organs. Dysbiosis is the name given to changes contributes to clinical signs (1). Of particular
that occur in the microbiome during disease, and interest to the regulation of microbiota are
encompasses a reduction in microbiome diversity intestinal bile acids (BA). Briefly, primary BAs
(e.g., number of different bacteria), changes in (cholic and chenodeoxycholic acids) are released
quantities of bacteria, and functional changes into the small intestine after a meal to aid in fat
(e.g., altered production of bacteria-derived digestion. Up to 95% of BA are reabsorbed in the

metabolites). Dysbiosis often occurs secondary to

underlying pathologies within the intestine and will

contribute to the clinical signs in some patients (1); Box 1. Conditions and factors associated

because of this it is an additional marker for with intestinal dysbiosis.

intestinal disease and should be assessed along

with a patient’s overall hlstory_am_i clinical _ undigested food in the Gl lumen

presentation. Therapy for dysbiosis §hou_ld aim to « Chronic enteropathies, whereby intestinal

address the underlying pathology, with dietary inflammation fosters aerobic conditions and changes

manipulation as the first-line treatment. in the pH at the mucosal level

e Broad-spectrum antibiotics (e.g., tylosin,
metronidazole), which reduce normal levels of

MlcrOblome functlon intestinal anaerobic bacteria

e Acid-suppressing drugs, which decrease gastric
acid output

e Anatomic abnormalities

e Motility disorders

e Exocrine pancreatic insufficiency (EPI), leading to

00
00
OO

Bacteria either directly produce (vitamins) or
convert dietary [fiber, protein, fat) or host (bile
acids) molecules into bacteria-derived metabolites,
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ileum for enterohepatic circulation (3), with

the remainder reaching the colon where they
are converted by bacteria (mainly Clostridium
hiranonis in dogs and cats) to secondary BAs
(4). This conversion has important health
consequences, as secondary BAs, in the
correct quantity, have beneficial effects.

They act as signaling agonists for various
receptors across multiple organs, inducing anti-
inflammatory and glucose-lowering effects and
suppression of enteropathogens (5).

Assessment
of the microbiome

There are various options for assessing
a dog’s microbiome, but some are more
effective than others.

Bacterial culture

While still used by many veterinarians for the
diagnosis of dysbiosis, bacterial culture of feces

is not useful for microbiome assessment, as the
majority of intestinal bacteria are strict anaerobes
requiring special growth media (Figure 1).
Consequently, only a small percentage of bacterial
species can be cultured by diagnostic laboratories.
In a recent study, different fecal aliquots from
healthy dogs and dogs with chronic diarrhea

were submitted to three veterinary reference
laboratories for the evaluation of dysbiosis (6).
There was no agreement in the culture results
between laboratories, and dysbiosis was actually
more frequently reported amongst the healthy
dog group. This study demonstrates that bacterial
culture should not be used for microbiota
assessment in dogs with chronic diarrhea, except
for specific pathogens such as Salmonella spp.

Molecular sequencing
of 16S rRNA genes

Molecular techniques based on sequencing of 16S
rRNA genes provides comprehensive information
on the microbial composition of a fecal sample,
and are used in research settings. Various
companies offer sequencing for microbiome
assessment on a commercial basis for individual
animals, but there are currently no standardized
methods (e.g., DNA extraction, PCR primers used)

Jan S. Suchodolski
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Figure 1. Many veterinarians will routinely submit
a fecal sample for culture and sensitivity analysis
when investigating a dog with diarrhea, but

this is not useful for microbiome assessment,

as the majority of intestinal bacteria are strict
anaerobes requiring special growth media, and
the test will provide only limited (and sometimes
misleading] information.

between these laboratories. Because no reference
intervals are defined for animals, and because
each company has a different report, result
interpretation is difficult. Furthermore, inter-assay
variation is common, and no analytical validation
data have been reported for these assays, therefore
sequencing-based microbiome assessment is not
currently recommended for individual patients.

Canine microbiota dysbiosis index (DI)

The dysbiosis index (DI] is a quantitative PCR

based test that is currently commercially available
in North America and Europe and is now used in
many clinical studies (4,7) as it is the only validated
assay to assess canine microbiome dyshiosis'. The
DI measures the levels of seven intestinal bacteria
(Box 2) which are commonly altered in dogs with
chronic enteropathies (CE) or after broad-spectrum
antibiotic use (e.g., tylosin, metronidazole) (8,9).

"https://tx.ag/DysbiosisGl
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leading to an abnormal shift in the microbiome (right).

Box 2. The seven bacterial groups included in the canine
Dysbiosis Index and how their levels alter in dysbiosis.

Bacterial group Change in dysbiosis

Faecalibacterium spp. \l,

Turicibacter spp.

Blautia spp.

Fusobacterium spp.

C. hiranonis

Streptococcus spp.

E. coli

S>3 € € €« €

Box 3. The sensitivity and specificity of the Dysbiosis

Index (DI) for chronic enteropathies; a DI between 0-2
represents a moderate shift in the microbiota, whilst
above 2 indicates a major shift.

Dysbiosis

index Sensitivity | Cl (95%) | Specificity | CI (95%)
-1 0.82 0.73-0.88 0.91 0.84-0.96
0 0.74 0.65-0.82 0.95 0.89-0.98
2 0.63 0.53-0.72 1 0.96-1.00
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Figure 2. The graph shows the difference in Dysbiosis Index (D] in a cohort of dogs with CE when compared to normal dogs
(7). The higher the DI, the more abnormal the microbiome is; a DI > 2 has high specificity for an abnormal microbiome,
whilst values between 0 and 2 are equivocal. A higher Dl is generally characterized by less diversity and more bacterial taxa
outside the reference intervals; here the different colors indicate the number of bacterial taxa outside the reference interval
(black 0, blue 1, purple 2, orange 3, red > 3]. However, some dogs have all taxa within the reference intervals, but the Dl is
increased due to abnormal shifts within the reference intervals (black dots) (left).

Data from the same two cohorts illustrate how the levels of C. hiranonis have a major effect on the microbiome. Samples in
red denote decreased levels of the bacterium and therefore reduced conversion of primary to secondary intestinal bile acids,

The assay provides reference intervals for these
bacterial groups and combines data into a single
number that expresses the extent of the dysbiosis
(Figure 2); a DI between 0 and 2 represents a
moderate shift in the microbiota, whilst a DI > 2
indicates a major shift. The sensitivity and
specificity of the method is shown in Box 3.

The DI also predicts, by assessing the concentration
of C. hiranonis, the ability of the intestinal microbiota
to convert primary BAs to secondary BAs (4). Normal
amounts of secondary bile acids are antimicrobial
and suppress potential enteropathogens such as

C. difficile, C. perfringens, and E. coli (10], so reduced
levels of C. hiranonis and decreased conversion of
bile acids is strongly associated with intestinal
dysbiosis and overgrowth of enteropathogens in
dogs (Figure 2) (4,7,8,11). Identification of some or
all of these enteropathogens in a dog with diarrhea
will suggest overgrowth due to an underlying
dysbiosis secondary to chronic enteropathy, rather
than a primary infection. Up to 60% of dogs with a
chronic enteropathy (CE) have decreased levels of

C. hiranonis, and therefore decreased secondary

BA (12).

The microbiome in disease

Table 1 summarizes the various ways in which
intestinal bacteria can contribute to disease,
although the underlying pathologies will vary
between individual patients depending on the
location and severity of intestinal damage.
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therefore be multi-modal. The changes include:
e the microbiome becoming dysbiotic;

The microbiota is in contact with the mucus layer
of the gut, the immune system, and luminal
substrates, and changes in one or more of these
will affect microbiota composition, so dysbiosis
is often an early marker of an abnormal gut
environment in disease (Figure 3).

A dysbiosis restricted mainly to the gut lumen is
often present in patients with exocrine pancreatic
insufficiency (EPI) (13), after broad-spectrum
antibiotic treatment (8,9), or in younger animals
due to an immature immune system. Chronic
enteropathies are accompanied by inflammation

Table 1. Mechanisms by which bacteria contribute
to Gl disease.

Major types of dysbiosis Possible consequences

Abnormal substrate Increase in bacterial
(e.g., undigested nutrients, | metabolites causing diarrhea
medications) in gut lumen

Poor microbiota function Reduced conversion of o
due to loss of commensal primary to secondary bile o
bacteria (e.g., C. hiranonis) | acids leads to overgrowth of
enteropathogens
Lack of anti-inflammatory
metabolites
Increase in total bacterial Increased microbial
load in small intestine metabolites, causing diarrhea

Increased inflammatory
immune response

Increased mucosa- Increased inflammatory
adherent bacteria immune response

0Oe

Figure 3. The intestinal tract in health and disease. A healthy intestine (a) is characterized by a balanced microbiome, with a
mucus layer separating luminal bacteria from the epithelial cells, a tight epithelial cell barrier, and a balanced immune system.
In a chronic enteropathy (b) various changes may occur, all of which may potentially contribute to clinical signs, therapy should

e loss of mucus, allowing luminal bacteria to attach to epithelial cells, stimulating pro-inflammatory cytokines;
e a broken epithelial barrier, leading to translocation of food and bacterial antigens, which also activates the immune system;
e loss of transporters in the brush border, leading to malabsorption of dietary compounds, which can allow bacterial overgrowth.

and destruction of the mucus layer and mucosal
structure, leading to more oxygen at the mucosal
surface, increased numbers of aerobic bacteria

(E. coli], and a decrease in normal anaerobic flora.
The loss of mucosal architecture that develops with
CE leads to a lack of transporters for carbohydrates,
amino acids, fatty acids and bile acids, resulting in
malabsorption of these compounds (14). Increased
amounts of these substrates in the Gl lumen can
directly lead to osmotic or secretory diarrhea, as
well as bacterial overgrowth.

Due to disruption of the mucus layer covering the
epithelium, dogs with CE have often increased
number of mucosa-adherent bacteria (15).

This is linked to a reduction in C. hiranonis

and therefore abnormal bile acid conversion,
allowing a secondary overgrowth of C. difficile and
C. perfringens which can lead to increased pro-
inflammatory host responses.

A diagnostic approach
to dysbiosis

Since dysbiosis commonly develops secondary to

a changed gut environment with intestinal disease
and/or altered environmental factors, it should be
assessed along with a patient’s medication history
and the clinical presentation. Interpretation of the
DI result should be done alongside the levels of the
individual bacterial taxa, and especially C. hiranonis,
as a decrease in the latter is a major contributor
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Figure 4. The effect of dietary transition and
metronidazole on the intestinal microbiome in
healthy dogs (from (8)). A hydrolyzed protein diet
(fed between weeks 0-6) has only minor effects on
the intestinal microbiota, whereas metronidazole
(given on weeks 7 and 8] induces significant
dysbiosis, with some dogs retaining an abnormal
microbiome composition after the drug is withdrawn
(weeks 10-12]. Dietary modulation is therefore the
preferred first-line treatment in intestinal disease,
as it has no negative impact on the gut microbiota,
especially when compared to metronidazole.

to an abnormal microbiome. A DI above 2 indicates
dysbiosis with high specificity, while a Dl in the
equivocal range indicates a minor shift in the fecal
microbiome. Some dogs with CE can have a DI <0
but with some bacterial taxa outside the reference
intervals, and this represents a minor form of

Table 2. Treatment options for dysbiosis.

Treatment Likely mechanism

e Dietary changes
substrate available for bacterial
overgrowth

o elimination diets (with either novel
or hydrolyzed ingredients) remove

immune-mediated

 high digestibility leads to less residual

dietary antigens if underlying disease is

dysbiosis. In general, an abnormal DI suggests
underlying intestinal disease, and a workup for CE
is therefore indicated.

Note that some drugs can influence the DI.

For example, omeprazole can lead to a transient
increase, but with normal levels of C. hiranonis, and
the DI normalizes 1-2 weeks after therapy finishes.
Broad-spectrum antibiotics (e.g., metronidazole
and tylosin) can induce severe fecal dysbiosis
(Figure 4), but again the microbiota typically
normalizes within 2-4 weeks after administration
ends in most dogs, although some individuals may
have a persistent dysbiosis with lack of C. hiranonis
for several months (8,11).

Compositional microbiota changes in the small
intestine will often lead to detectable changes in
the fecal microbiome as assessed by the DI.
However, in some patients, an increased number
of bacteria in the small intestine may cause
disease. Small intestinal dysbiosis is suggestive

if serum concentrations of folate are increased
and serum cobalamin are decreased on a Gl panel,
but note that both markers have low sensitivity
and specificity.

Therapy for dysbiosis

Dysbiosis is often just one component of intestinal
disease, and multi-modal therapy addressing the
underlying cause is usually required. In some
cases, such as in animals with EPI, treatment with
pancreatic enzyme supplementation leads to
improvement in clinical signs, and often the
intestinal microbiome will normalize after several
weeks (13), but in dogs with CE there are no
markers that predict which treatment is best for an
individual patient, so stepwise treatment trials are
often necessary (16). Therapies for dysbiosis
include dietary modulation, pre- and probiotics,

Potential side effects

e none (if no food sensitivity present)

e Prebiotics/fibers e growth of beneficial bacteria

o prebiotic converted to SCFA

o fibers bind harmful bacterial metabolites

¢ soluble/fermentable fibers can initially cause

flatulence and diarrhea

mucosa-adherent bacteria

¢ Probiotics e can improve barrier function o side effects are rare, but often not clear which patient would
immunomodulatory benefit best from which strain
o Antibiotics e« reduction in total bacterial load and/or e long-term changes in microbiota

e« regrowth of bacterial load when drug withdrawn
e increased antimicrobial resistance

e Fecal microbiota
transplantation
(FMT)

e alters luminal microbiota

o efficacy depends on underlying disease, but side effects
are rare

e minor effect on mucosa-adherent bacteria

e recurrence of dyshiosis when concurrent inflammation still present

6 fOCUY.
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antimicrobials, and fecal microbiota
transplantation (FMT), with each approach
addressing a different mechanism (Table 2);
a combination of treatments will often offer
the best success.

Dietary changes should always be the first
treatment option in stable patients. Various studies
have shown that between 50-70% of dogs with

CE are food-responsive (16), and highly digestible
diets containing hydrolyzed or novel proteins are
most commonly used. Most of these diets are
hypoallergenic and reduce undigested nutrients in
the Gl lumen, decreasing the potential for bacterial
overgrowth. In most cases of food-responsive
enteropathy, the dietary change alone is sufficient
to achieve clinical remission, leading to gradual
improvement of intestinal inflammation and
dysbiosis over several months (10,17).

Probiotics can be administered alone in mild
cases, or together with dietary modulation.
Because the number of bacteria administered

in any probiotic is small when compared to the
existing gut microbiota, they have a minor direct
impact on microbiota composition. However, they
attach to the mucosa and can exert beneficial
effects, including shortening the duration of
acute diarrhea and reducing antibiotic-associated
Gl side effects such as vomiting or diarrhea (18).
High-potency multi-strain probiotics have been
shown to reduce C. perfringens in dogs with
acute hemorrhagic diarrhea (19) and strengthen
the intestinal barrier in dogs with CE (20).
However, because many commercial products
lack proper quality controls, it is important to
choose a preparation that has shown efficacy in a
published clinical study.

Prebiotics are indigestible carbohydrates that
promote growth of beneficial micro-organisms,
and can be divided into soluble/insoluble and
fermentable/non-fermentable fibers. Fermentable
prebiotics are converted by colonic bacteria to
SCFA. Most commercial Gl diets contain prebiotics,
but for some diseases [e.g., colitis) high-fiber diets
can be beneficial. Addition of psyllium husk, a
soluble fiber, to the diet at 0.5-1 g/ kg bodyweight

“Dietary modulation is the preferred
first-line treatment in intestinal
disease, as it has no negative impact

on the gut microbiota.”
Jan S. Suchodolski

© Ewan McNeill

© Ewan McNeill

daily can improve stool quality in animals with
large bowel disease. The product should be
introduced at lower doses and titrated up to
achieve the desired stool consistency.

Antibiotics such as tylosin or metronidazole have
been traditionally recommended for treatment of
CE, but their first-line use is now debated (16).
Although they can lead to an improvement in clinical
signs, presumably due to a reduction in bacterial
load, patients will often relapse after treatment as
the bacteria regrow, as antibiotics rarely resolve the
underlying disease process (15,21,22]). Commonly

Figure 5. Preparation of a sample for fecal
microbiota transplantation, with feces from
a donor dog being blended with saline.

Figure 6. The FMT is achieved by administering
the blended fecal material to the recipient dog
as an enema, using a catheter and syringe.
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used options include metronidazole (10-15 mg/kg Box 4. FMT protocol via enema (based on 24).
q12h) and tylosin (25 mg/kg q12h) for 4-6 weeks, but

as noted above, both drugs have been shown to The donor should be healthy, with no history of
induce large intestinal dysbiosis that can sometimes gastrointestinal disease or recent antibiotic exposure,
last for months (8,9,11). Studies report that and should have no signs of systemic disease. The
metronidazole has promoted lasting dysbiosis in donor feces should be screened for parasites and
dogs with acute diarrhea (11), while amoxicillin- enteropathogens, and be pre-evaluated using the DI
clavulanic acid can encourage an increase in lbelcau.se some clinically healthy dogs lack C. hiranonis,
resistant E. coli (23). Antibiotics are generally not which is necessary for proper BA conversion).

recommended as first-line treatment in CE for a Storage - stool can be fresh or stored at 4° C for up to
variety of reasons - onLy 10-16% of CE dogs are one week in Plgshc bags. Whgn feces need to be frozlen
antibiotic-responsive, most cases relapse after for longer, mixing the_z stool with glycerol before freezing
. . . preserves the bacteria (10 grams of stool with 35 mLs of
treatment is withdrawn, and the drugs have negative l' 45 mLs of gl Lt in 50 mL aliguot
effects on the microbiome. Antibiosis should Sane and s M-S oT glyceron, frozen in o mt- auquots.
however, be considered after failed dietary and

anti_inf_lar_nmatory tr_.ials' or for p_atien_ts with signs of Materials needed: 0.9% NaCl, 12 or 14 FG red rubber
SYSt‘?mm |nflammat|qn [16] an‘d Invasion and catheter, 60 mL catheter tip syringes, blender, donor
persistence of bacteria in the intestinal mucosa stool, non-bacteriostatic lubricant.

(e. g., E. Coli associated granulomatous colitis).
A small subset of dogs with CE may respond to no

other treatment, in which case long-term 1. Calculate amount of stool needed, approximately

administration may be necessary, with the dosage 5 grams per kg body weight.

tapered to the lowest effective point. 2. Add approximately 60 mL of 0.9% NaCl to a blender,
then add fresh or frozen stool and blend on high speed

Fecal microbiota transplantation (FMT) can help until the stool is liquefied and no large pieces are

restore the normal microbiota and improve clinical seen. For very large dogs a larger volume of saline

may be needed to obtain sufficiently liquefied stool.
3. Draw up the blended material into the syringe and
attach the rubber catheter. Depress the syringe
plunger until the fecal material appears at the
catheter tip - this ensures no air will be introduced

signs (11) in some cases of dysbiosis. The technique
involves the transfer of stool from a healthy

donor into the gut of a recipient via oral capsules,
endoscopy or enema (Figures 5 and 6). In humans,

FMT has a high success rate (> 90%] with infectious into the recipient’s colon,
qnd_ recurrent C. d/ff/C/le infection, but has_ more 4. Feed the catheter into the colon fully, then
limited success for inflammatory bowel disease due administer the enema. The recipient dog does not
to the chronic underlying intestinal inflammation. need to be sedated.

5. After the transplant, if possible the recipient dog
FMT in animals is still an emerging therapy. should be fasted for 4-6 hours and its activity
A simple protocol is shown in Box 4, although to restricted, to lessen the chances of a premature
date only a few case series have been reported, bowel movement.

with success apparently dependent on the
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Figure 7. The effect of fecal microbiota transplantation (FMT) on the intestinal microbiome can be seen in these two graphs
which show the dysbiosis index (a) and C. hiranonis levels [b) in a dog with CE which was unresponsive to other standard
treatments. After FMT, the DI and the abundance of the bile acid-converting bacterium C. hiranonis normalized, and stool
quality improved within 2 days. Approximately 45 days after the FMT, stool quality worsened again and the DI was increased,
so a second FMT was performed, resulting in better stool quality. Because the underlying structural damage remains in
many dogs with CE, dysbiosis often returns and requires repeated procedures.

veterinary;
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underlying disease (24). The technique helps to
restore bile acid metabolism by promoting levels
of C. hiranonis (Figure 7), so it may be useful in
dogs with abnormal BA conversion with associated
overgrowth of enteropathogens such as C. difficile
or C. perfringens and/or animals with antibiotic-
induced dysbiosis and minor underlying damage
of the intestinal mucosa. It has also been shown to
improve fecal scores in cases of acute diarrhea and
when used as an adjunct to standard antimicrobial
therapy in puppies with parvovirus infection,

and for young dogs with chronic diarrhea due to
confirmed C. difficile infection (25).

In

dogs with CE, dysbiosis is often a secondary effect

of the intestinal inflammation and structural
damage, and recurrence of dysbiosis and clinical
signs will occur if the underlying pathology is not
eradicated. FMT therefore has a very variable
success rate in CE, and anecdotal reports suggest
many dogs with CE will have improved fecal scores
within 2-3 days of treatment, but will relapse and
develop recurrent diarrhea a few weeks later.
Therefore in these patients appropriate dietary and
anti-inflammatory treatment of the underlying
disease process is required (see above), and FMT
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can be considered as adjunctive treatment
for patients that show a suboptimal
response [e.g., continuing soft stools) despite
standard therapies.

Disclosure: The author is an employee of the
Texas A&M Gastrointestinal Laboratory that offers
microbiome testing on a commercial basis.

l CONCLUSION

The intestinal microbiome plays a crucial role
in host health and many animals with
gastrointestinal disease will develop
dysbiosis, resulting in abnormal microbial
function which can contribute to clinical signs.

The dysbiosis index is a useful diagnostic tool
for many cases, but as there can be various
underlying causes, a multi-modal and often
long-term therapeutic approach is necessary
to improve microbiota composition.
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MYTHS IN CAT NUTRITION

A plethora of myths exist as to what a cat should or should not be fed
to ensure a healthy lifestyle; this paper aims to put some of the
Inaccuracies to rest!

KEY POINTS

The best way to
support dental
hygiene in cats is to
combine active and

Pork is an
appropriate source
of both protein and

fat for the feline diet,

Avoid giving cats an
excessive number of
snacks, and especially

Ad lib feeding of cats
is not recommended;

passive methods of oral
healthcare; a typical dry

maintenance petfood in
itself offers few or no
benefits.

and - provided it is
cooked - there are no

contraindications for
including pork in a
cat’s food.

table scraps; treats should
not constitute more than

10% of an animal’s daily
ration. at regular intervals

throughout the day.

instead, an owner should
measure out portions and
offer several small meals

 Jole i
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Cats are one of the most common creatures to

be found in legends and folklore, often being
portrayed as mysterious and contrary in nature. It
is perhaps therefore not surprising that there are
many confusing tales, half-truths and downright
fallacies concerning their dietary requirements in
real life. This short paper separates some of the
myths from reality when it comes to feeding one
of our favorite pets.

MYTH - dry food cleans
the teeth

It is commonly believed that feeding dry food will
reduce the amount of plaque and tartar on a cat’s
teeth, and that it offers significant benefits in terms
of oral hygiene when compared to feeding wet food.
Certainly, chewing on hard kibble or croquettes
seems to cleanse the teeth; as the animal chews
on dry food, the pellets break and crumble, causing
a little mechanical cleaning. In addition, dry kibble
leaves less food residue in the mouth for oral
bacteria to feed on, and plaque builds up more
slowly. Nevertheless, many animals given dry food
will still have an abundant build-up of plaque and
tartar and suffer from periodontal disease (1,2), so
the evidence as to the benefits of feeding dry food
can be confusing.

One study has shown that companion animals

fed soft foods had more gingivitis and plaque
when compared to those that were offered harder
foodstuffs (3). Another study that contrasted
homemade diets to commercial (wet and/or dry)

n fOEd.

foods found that feeding cats a home-cooked
preparation increased the likelihood of oral health
problems, and reported that offering commercial
diets (as compared to homemade recipes) was

of significant benefit when dry food constituted

at least part of the ration (4). A further study

also demonstrated a lessening in the levels of
periodontal disease and tartar, along with a
reduction in lymphadenopathy, in cats fed a dry diet
compared to those given soft meals (either home-
prepared or commercial) (5). Nevertheless, other
case studies have found that moist foods have a
similar effect on the build-up of plaque and tartar
as an average dry diet (1,6). Importantly, it should
be noted that dry commercial foods typically break
down at the edges of the incisor teeth, which is of
little or no use for improving oral hygiene, because
the plaque and tartar deposits at the gingival
borders and in the subgingival areas (i.e., the
most important regions for dental health) remain
unaffected (7,8).

Given that two thirds of cats over the age of two
show signs of periodontal disease (5), it is not
surprising that some commercial dry foods for
adult cats have been developed which demonstrate
an improved oral cleaning capacity when compared
to typical dry maintenance foods. These “dental
diets” have a consistency that maximizes contact
with the teeth, with kibbles that are shaped, sized
and textured to help control plaque and tartar (9).
Many dental diets also contain ingredients that help
prevent plaque and tartar accumulation, and
certainly VOHC®'-approved products do have a
proven benefit for oral health.

'Veterinary Oral Health Council
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Dental diets, as well as supplements and snacks for
tooth cleaning, are a form of passive oral hygiene, as
opposed to methods that deliver active oral hygiene,
whereby the owner removes plaque by brushing the
teeth and/or applying gels to the oral cavity. Passive
methods alone will not keep the gingiva clinically
healthy, as animals do not use all their teeth when
chewing a dental product - and even for the teeth
that do come into contact with the product, the
entire surface of each tooth is not involved with the
chewing action, so many areas within the mouth are
neglected. In fact, the passive action of dental chews
is most effective on the premolars, because the
animal mainly uses these teeth to bite (Figure 1),
whereas active methods are more effective on the
incisors and canines, because the owner finds it
easier to access the front teeth (10].

The best method of maintaining oral hygiene is still
to brush the teeth daily, which reduces the amount of
bacterial plaque, although it can be a major challenge
for many owners [Figure 2). While the notion that
dry food helps cleans teeth is appealing, it appears
that most dry maintenance foods by themselves do
not significantly reduce the risk of periodontal
disease. Certain dental preparations may have
some benefits, but they must be products that also
clean the subgingival areas, and when recommending
nutritional dental products to clients it is best to
choose those that meet the high requirements of the
VOHC® (11]. Ultimately, the best way to keep a cat's
mouth healthy is to combine active and passive
methods, with regular veterinary dental care, which
starts with excellent communication between the
clinician and the cat’s owner!

MYTH - cats should not
eat pork

Pork is a good source of protein and essential
amino acids, yet there is a common myth that it
should not be fed to cats. Certainly, pork has a
high-fat content, so this must be taken into account
if using it as a basis for a diet. It is a popular
constituent in both dry and wet commercial foods -
as meat, skin, fat, offal or meal - as it serves as a
concentrated protein source. The poor reputation of
pork is mainly linked to a virus of the Herpesviridae
family which causes Aujeszky's disease (also
known as pseudorabies). This is an infectious
disease found in both farmed and wild animals,
mainly pigs, but cats (and dogs) can contract the
disease by eating raw infected pork (12). Affected
animals develop signs that are mainly linked to
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Dr. Hotda graduated from the Warsaw University of Life Sciences, Poland and went on to
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Figure 1. A cat with a dental chew will mainly use its
premolar teeth when chewing.

© Philippe Hennet

Figure 2. Daily tooth brushing is an active method of
maintaining good oral hygiene.

the nervous system: paresis, paralysis, and severe
itching that leads to self-harm. Whilst humans
are not susceptible to infection with this virus, the
disease is unfortunately fatal in cats.

Control of Aujeszky's disease is generally led by a
country’s national veterinary service, with ongoing
disease-monitoring in pig herds performed by
taking random blood samples for testing. The
number of reported outbreaks is currently steadily
declining, and many European regions have been
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Figure 3. Wild boar are common in certain parts
of Western Europe and can act as a reservoir for
Aujeszky's virus.

( X
( X
@]

officially declared free from the disease. However,
according to the European Advisory Board on Cat
Diseases (13), the incidence of Aujeszky's disease
infection in wild boar may be high in Western
Europe (Figure 3), and the virus is still sporadically
found in hunting dogs, although this in itself

does not represent an increased risk of the virus
contaminating cat food.

Importantly, it is advisable to cook all pork before
giving it to pets, as this destroys the virus and
renders the meat safe. However, the author advises
against feeding cats with pork products intended
for humans; this is because all kinds of ham,
sausages and cold cuts, although manufactured
from cooked pork, usually have a high-fat content,
and they also contain preservatives such as sodium
nitrite and phosphates, which are potentially
harmful to animals. In short, highly processed
animal products from the human table do not
constitute a healthy snack for a pet cat.

MYTH - serving human food
is not harmful to cats

(X J
Oe

Most owners know that some foods from the
human table can be toxic to dogs and cats - for
example, onions and garlic (which are often used in
cooking sauces), or raisins and chocolate which

- although commonly eaten by humans as a sweet
snack - can be toxic and even fatal for pets.
Feeding table scraps is also not recommended for
other reasons. Human food is often highly
seasoned (e.g., with salt, pepper, or spices), and
ready-to-eat, processed foods (as noted above] also
contain constituents that may adversely affect
animal health. In addition, human food is usually
fat-rich, and therefore high in calories, and
unbalanced in terms of a cat's nutritional needs.
Food intended for humans certainly cannot and
should not form the basis of an animal’s diet. If an
owner really wants to give their cat something
“from their plate”, the clinician should advise that

n fOEd.
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the food does not contain any toxic ingredients and
that all snacks are served in moderation. It is
important to recommend that the number of treats
between meals does not exceed 10% of the daily
caloric dose, as otherwise this will quickly lead to
obesity; in addition, an excess of snacks will result
in an imbalance in the basic diet, which may cause
deficiencies or excesses of individual nutrients.

The owner needs to be aware that human food is
also not recommended for behavioral reasons.
When cats learn that they can get something tasty
from an owner, they will beg and/or refuse to eat
their staple food in the hope of getting something
“better”. It is also worth counselling that any
member of the household may inadvertently slip
into bad behavior that encourages this trait - for
example, a child or grandparent may secretly feed
the cat every time they open the refrigerator door
to get milk for coffee or tea [Figure 4).

MYTH - "It's only
one extra kilogram”

Obesity is an incredibly common phenomenon in
pets for several reasons, but not least because
owners compare a cat’s excess weight to their
own situation. If a person puts on a single extra
kilogram, the physiological difference is minimal;
for a cat that usually weighs 5 kg, if it gains “only”
1 kg, this is a 20% increase in body weight, which
puts it in the obese category. In this situation it is
worth explaining what the equivalent of excessive
kilograms would be in a human, in order to make
the owner aware of their distorted perception - for
example, if a woman weighing around 55 kg was
to gain an extra 20% (11 kg), she would definitely
notice the difference in her bodyweight. A good
solution that helps owner education is to hang

a poster in the consult room of the veterinary
clinic which shows the caloric content of snacks
commonly fed to cats, converted to the equivalent
caloric content for humans (Figure 5). This can get

Figure 4. Household members may get into the
regrettable habit of feeding the family cat every
time they go to the refrigerator; this can lead to the
cat becoming accustomed to being fed every time
they hear the door being opened.
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Figure 5.

Contribution of treats to daily energy intake

When an owner gives treats on top of the daily food ration, this drastically increases the overall
daily energy intake*. This has the potential to cause weight gain in cats fed at maintenance
levels, and slow/stop/reverse weight loss in cats on a weight management program. Below are
few examples illustrating the potential effect of treats on food intake.

Energy intake

Quantity (in kcal)

Excess daily
energy intake*
*For a 4 kg cat/based on 200 kcal per day

2 x 15 mL spoons of 54 21%
low-fat cheese
2 x 15 mL spoons of 41 16%
yoghurt
100 mL of 0
full fat milk 58 23%
25 g of 96 38%
cream
25 g of 0
tuna (in brine) 28 1%
43gof 154 61%
liver pate
259 of 30 12%
liver
30 g of 0
ham rind 255 101%
60 g of high-fat 62 25%
cream cheese
ROYAL CANIN'
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Figure 6. Daily use of a puzzle feeding toy will
give mental stimulation to a cat as well as
helping avoid excess calorie intake.

the message across that a small cube of cheese
for a cat is comparable to a double hamburger for
a human, and it cannot be over-emphasized that
research indicates overfeeding (i.e., ad libitum and
snacking) and low physical activity are the main
causes of obesity in cats (14).

MYTH - a cat should have
constant access to food

Many cats will have dry food left in a bowl for the
whole day (often without being properly measured
out), with wet food being served in addition at
certain times. This is usually due to the logistical
impossibility of owners being able to serve their
cat multiple small meals a day. Unfortunately, this
method of feeding means that the owner is unable
to properly control how much food the cat eats. Dry
food is a product with a high energy concentration,
so a small volume of kibble provides a lot of
calories. Many owners hope that their pet will know
“how much they need to eat” but in most cases
cats eat more than they need, and excess energy
leads to obesity (15). In addition, many cats will

eat to excess because of boredom, as their owners
do not provide them with sufficient environmental
enrichment or active play.

Dry food does not resemble the consistency or
calorific value of the type of food that cats eat in the
wild, in that it provides the necessary energy and
nutrients in a relatively small portion. This means
that some cats will feel hungry even after eating

an amount of food that matches their nutritional
needs. The situation is different with wet food,
which is typically four times less calorific, as it has
a water content around 80%. This makes it much
more difficult to overfeed a cat. In addition, there
are also economic and practical considerations -
wet food is more expensive per calorie, so owners
are unlikely to offer more than their cat needs, and
because wet food deteriorates quickly, owners are
more likely to serve measured portions and at fixed
times throughout the day.

u fOCd.

In particular, owners of cats with a tendency
towards excess weight and obesity should refrain
from feeding at will, and the daily amount of food
should be precisely measured on kitchen scales
and then divided into several meals. Meals are best
served regularly (i.e., at fixed times during the day),
but not only in a bowl - interactive feeding toys
should be used on a daily basis as well, as these
can contribute to a slower eating pattern and a
reduced calorie intake, as well as offering the cat
useful mental stimulation (Figure 6).

l CONCLUSION

It can be surprisingly common for the first
opinion veterinarian to encounter clients
who hold unexpected views on what their
cats should or should not be fed - yet these
owners will follow such myths in the belief
that they are doing the best for their pet.

Clear, unhurried communication between
veterinarian and owner, coupled with good
educational materials, can help disabuse
these myths in many cases and ensure that
we can promote the best possible nutrition
for pet cats.
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Clinicians will often be faced with an owner who wants to feed their pet a
homemade diet; this article looks at the potential problems and benefits

such an approach can bring.

KEY POINTS

While less
commonly fed
than commercial
diets, owners may feed
homemade foods with good
intentions and out
of mistrust and

misunderstanding
of prepared foods.

The majority of recipes
for homemade diets
available on websites
and textbooks do not

meet a pet’s nutritional

requirements, and could
lead to disease.

members of the public
at risk.

If raw diets are fed

there is a potential risk
of pathogenic bacterial
contamination and fecal
shedding of pathogens,
putting both owners and

Understanding
an owner’s dietary
choices and using

clear, compassionate,

communication and
information are needed
to ensure pets receive a
complete and balanced

diet.

Introduction

The term “homemade” when applied to petfood
encompasses any non-commercial diet, and covers
the entire spectrum from meat-only recipes to
vegetarian or vegan diets, and includes both cooked
and raw ingredients. Most owners who decide

to prepare their pet’'s food wish to provide what
they perceive as excellent nutrition for their cat

or dog. Whilst they may seek the help of a board-
certified veterinary nutritionist®, they may also

- and are perhaps more likely to — source recipes
from books, the internet, friends, and others who
lack adequate training in small animal nutrition.
This article offers an overview of such diets and
discusses the risks and potential benefits that

they may bring.

The prevalence
of homemade diets

It can be difficult to determine an exact figure

on how many pets receive a homemade diet.

For example, a 2008 survey in the USA and Australia
revealed that over 93.2% of dog owners and 98.9%
of cat owners reported at least part of their pet’s
diet included commercial foodstuffs (1). However,
30.6% of dogs and 13.1% of cats received table
scraps, leftovers or homemade foods, and bones or
raw food was included in the pet’'s main meal in
16.2% of dogs and 9.6% of cats. Over 80% of people
who included bones or raw foods in their pet’s diet
were residing in Australia. Less than 3% of owners
fed exclusively home-prepared diets, but
approximately 7% of dogs received at least half
their diet as home-prepared foods.
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Another study from the same year found that
95.5% of owners fed their cat a commercial diet,
with only 2.7% meeting the criterion for offering a
non-commercial diet, whilst 86.8% of dog owners
were classified as “commercial” feeders and 10.0%
as “non-commercial” feeders, with the remaining
3.2% not meeting the criterion for either category
(2). A more recent international study reported that
79% of dogs and 90% of cats were fed conventional
commercial foods, although only 13% of dogs and
32% of cats were fed such diets exclusively (3).
Homemade food was offered to 64% of the dogs
and 46% of the cats, with raw food being given to
66% of dogs and 53% of cats. As noted in the study
above, feeding homemade and/or raw foods was
again more prevalent in Australia, and there are
obviously considerable geographical differences
when it comes to pet feeding practices. In contrast
to the above studies, 42% of dogs in Sri Lanka are
reported to be fed home-cooked food, whilst only
18% are fed commercial diets, with the remaining
40% getting a mixture of both options. In addition,
the same study showed that 49% of dogs receive
milk as a separate meal as well as their normal
diet, and 57% receive dietary supplements (4).

Overall, these and other surveys report the
prevalence of owners feeding homemade diets to
dogs appears to be about 7-10%, and to cats less
than 4%; however, such results may not reflect the
overall pet-owning population, due to selection bias.
For example, in one of the above studies (3) the
survey was completed by owners chosen via self-
selection from canine and feline interest groups on
social media. This type of sampling can skew results
due to feedback from potentially biased segments
of the population - for instance, owners who feed
homemade diets may be more interested in doing a
survey on feeding practices, or conversely could be
less likely to report their feeding practices, so it is
difficult to ascertain the real percentage of owners
feeding homemade diets.

Why choose a homemade diet?

Pets are often considered to be family members,
and the decision on what diet to offer may reflect
an owner's cultural beliefs, ideologies and identity.
So individuals may wish to feed according to their
own eating philosophy, such as using only vegan,
organic or natural foods. With the humanization

of pets, offering a meal which looks more like

the owner’s dinner may have some appeal. Other
reasons for feeding homemade foods include
palatability (i.e., choosing foods the pet prefers),
mistrust and/or misunderstanding of petfood
processing, a wish to exclude certain ingredients
(such as grains, meat by-products or meat
derivatives), or a desire to have “better” control
over the pet’s diet [Figure 1). Owners have also
reported motivations for feeding home-prepared
or raw foods to include a desire to pamper their
pet, concerns that commercial foods may be less
wholesome or nutritious than desired, or to achieve
a real or perceived medical benefit (2] (Table 1).

% fOCUY.
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Figure 1. Owners may choose a diet they perceive
to be more palatable and enjoyable for their pet.

At least one study has suggested that there is an
association between concerns of pet owners about
commercial pet foods and the practice of feeding
home-prepared foods. Owners who fed their pets a
diet that consisted of at least 50% non-commercial
foodstuffs had more concerns and misgivings
about commercial petfood, food processing, and
the petfood industry than owners who gave their
pet at least 75% commercial products (2). These
non-commercial feeders also had more positive
attitudes toward raw and home-prepared diets
than commercial feeders. Owners feeding home-
prepared foods were more likely to believe that
processed foods for pets are unhealthy, that
cooking destroys vital nutrients, and that organic
foods are safer and healthier than other foods.
Some individuals also enjoy preparing their

pet’s food, which could potentially influence

their responses (2.

Table 1. Some reasons stated by owners for feeding
homemade diets.

o Palatability - owner can choose foods the pet likes

e Wish to pamper pet

o Fits with owner’s eating philosophy, e.g., vegetarian,
organic foods

e Mistrust or misunderstanding of petfood processing
or belief that processed (cooked) foods are unhealthy

o Mistrust of petfood companies

e Desire to exclude ingredients, e.g., grains, by-products
e Wish to control diet

e Wish to feed a high-protein or “carnivorous” diet to dog

e Use for specific nutritional purpose where a
commercial diet isn’t available, e.g., co-morbidities or
adverse reactions to multiple ingredients
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Proponents of raw food diets reportedly feel that
raw foods and a high-protein diet provide more
natural nutrition, comparable to that consumed by
wild canids and felids (1). In a study of 218 owners
who fed raw foods to their dogs, 26% indicated the
main reason was to respect the dog’s carnivorous
nature, 24% to improve the pet’s health, 21%
because commercial diets had caused problems
in the past, 19% because they did not trust
commercial pet food, 6% because their dog did not
eat commercial pet food, and 4% stated another
reason (5). The main advantage of feeding a raw
diet was thought by 57% of these owners to enable
total control over the diet and awareness of its
composition, while 23% cited their preference for
animal proteins as the principal dietary component;
11% of owners cited the perceived benefit that it
took a longer time for the meal to be eaten, along
with the animal’'s apparent consequent greater
satisfaction, to be the prime advantage. Only 3% of
respondents considered good palatability, 1% the
absence of carbohydrates, and 1% the rawness of
the ingredients to be the main advantage.

Homemade diets for
nutritional therapy

Although there are a wide variety of commercial
pet foods available for healthy pets and for those
requiring therapeutic diets, homemade diets

can be useful where there is no preparation
available that is suitable for an individual animal
with specific problems. For example, for a dog

with chronic pancreatitis and kidney disease, a
suitable homemade low-fat, low-phosphorus diet
can be formulated by a veterinary nutritionist, and
a diet with a fat content lower than that found in
commercial foods can be useful for some intestinal
disorders, such as lymphangiectasia. Some animals
will also have adverse reactions to multiple food
ingredients and can benefit from a bespoke diet.
Homemade diets may also be more palatable in
some situations, as the owners (and pets] can
select their preferred foods; this can be especially
userul In cases such as chronic Kidney disease,
where the pet’s appetite may be poor, although also
potentially deleterious with overweight pets.

It has been proposed that homemade diets

can be more digestible than both dry and wet
commercially available options, resulting in
better quality or smaller feces. However,

there are various factors that affect a food’s
digestibility, including the ingredients, the
amount and types of fiber, and the different heat
processing techniques. One study in cats fed a dry
diet, a raw diet and the same "raw" diet but cooked
showed higher apparent fecal digestibility of the
raw and homemade vs. the dry food (6). Another
study comparing fecal digestibility of two raw
diets and a dry cooked diet in kittens showed the
digestibility of organic matter, protein and energy
was higher for the raw products, resulting in
smaller feces, but no difference in fecal score (7).
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These studies compared diets with both a variety
of ingredients and processing, so the effects of
processing alone are difficult to determine.

As long as digestibility is high enough to provide
adequate nutrition, increased digestibility of a
petfood is not necessarily beneficial for all pets.
Overweight pets needing lower calorie density, and
animals that require a lot of fiber in their diet for
colonic health may benefit from increased dietary
fiber that has lower digestibility. Conversely, high
digestibility can benefit some patients with some
small intestinal diseases or those requiring higher
caloric density.

Potential problems
with homemade diets

Nutrient imbalances

There are numerous case reports and case series
of problems resulting from feeding nutritionally
unbalanced and/or incomplete homemade diets
(Table 2). Many of these involve growing puppies
or kittens, where nutrient imbalances are more
critical, but they are also reported in adult dogs
and cats (8,9). Metabolic bone disease and
nutritional secondary hyperparathyroidism occur
when dietary calcium is deficient or the calcium:
phosphorus ratio is incorrect [Figure 2), and can
occur simultaneously with rickets due to vitamin D
deficiency. Abnormalities reported in dogs fed
homemade diets include hypovitaminosis D,
hypocalcemia, vitamin A deficiency (10],
hyponatremia, hypochloremia, hyperphosphatemia,
and taurine deficiency (11). There are reports

of skeletal disease in kittens associated with
unbalanced homemade diets due to calcium and/
or vitamin D deficiencies (12). Pansteatitis from
consumption of high-fat diets with insufficient
vitamin E has been reported in cats fed unbalanced
homemade diet (13). A diet comprised mostly of
liver fed to cats can result in hypervitaminosis A,
causing irreversible extensive bony osteophytes and
exostoses resulting in pain and lameness.

Of course, many nutrition-related cases in practice
go unreported, so the actual prevalence of these
disorders is not known.

Table 2. Common nutrient deficiencies in homemade
maintenance pet diets.

Calcium
Vitamin D
Zinc
Essential fatty acids (linoleic, omega-3 fatty acids)
Vitamin E
Choline
Copper
Iron
Thiamine
Manganese
Selenium
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Figure 2. A D-V skull radiograph of a dog with
chronic kidney disease which was fed a nutrient-
deficient homemade diet, resulting in nutritional
secondary hyperparathyroidism and likely also
renal secondary hyperparathyroidism. There is
generalized osteopenia present, with thinning of
some of the cortices.

Nutrient analyses
of homemade recipes

Several studies have analyzed recipes for
homemade diets, all of which reported deficiencies
in most of the published recipes (14-16) [Figure 3).
A study of 200 homemade maintenance diets for
dogs (64.5% written by veterinarians and 35.5% by
non-veterinarians) from 34 sources determined
that most were not nutritionally complete (14).

Of these recipes, 92% had vague or incomplete
instructions (e.g., regarding ingredients, method of
preparation, and supplements) and 29% omitted
supplements. Calories per recipe varied from 380
to 16,348 kcal, and whilst there was at least one
essential nutrient below NRC' or AAFCO? guideline
in 95% of the recipes, 83.5% had multiple
deficiencies. The most common deficiencies were a
lack of vitamin D, vitamin E, zinc, choline, copper,
omega-3 fatty acids and calcium. A study of

114 homemade diets for cats found similar vague,
inadequate instructions and nutritional
deficiencies, notably in choline, iron, thiamine, zinc,
manganese, vitamin E, and copper. None of the
recipes met the recommended NRC nutrient
allowances (16).

"'NRC = National Research Council
2 AAFCO = Association of American Feed Control Officials

w fOCUY.

With regard to therapeutic diets, another study
reported that none of 67 homemade renal diet
recipes for dogs and cats (taken from veterinary
texts, pet-owner books and websites) met all of
the NRC nutrient recommendation. There were
frequent amino acid deficiencies, and many recipes
were low in choline, selenium, zinc, and calcium
(17). However, one report cites 18 dogs with CKD
and hyperkalemia which had been fed commercial
therapeutic renal diets; when switched to a
potassium-reduced homemade renal diet devised
with the supervision of a board-certified veterinary
nutritionist®, serum potassium concentrations had
reverted to normal in all but one dog within one to
two weeks (18].

Many published recipes will include the use of a
non-specific vitamin and mineral supplement.
These products vary in their constituents, and most
of the ones sold for pets are not formulated for use
with homemade diets. In addition, some
supplements designed for human use may contain
vitamin D levels which can be excessive for dogs
and cats. Human supplements are also unlikely to
contain taurine, which is essential for cats and may
or may not be sufficient in a homemade diet.

For example, one study showed that whole rabbit
samples did not meet any nutrient recommendation
for taurine dietary concentrations, ranging from 20
to 90% of the minimum values (19)

It is often suggested that rotation of different
dietary formulations provides a variety of nutrients
which will compensate for any deficiencies in any
one of the diets, but a study that analyzed the
effect of rotating seven separate recipes showed

“Pet owners will often modify the
recipes they are given, a process
known as recipe drift. Modifications
may include changing the amounts of
ingredients, substituting ingredients,
or omitting supplements, and any
variation can alter the nutritional
composition of the diet and potentially
make it unsuitable”

Marjorie L. Chandler
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Figure 3. The results of a computer analysis using Balancelt®.com software to assess an internet homemade diet recipe for an adult

dog based on turkey, rice, and mixed vegetables. The gray bars denote sufficient levels for a given nutrient, while the red and white

bars represent nutrients which are deficient.

Nutrient % of requirement

Protein

Arginine
Histidine
Isoleucine

Leucine

Lysine

Methionine

Methionine - cystine

Phenylalanine

Phenylalanine - tyrosine

Threonine

Tryptophan

Valine

Total lipid
Carbohydrate
Choline
Folate

Niacin

Pantothenic acid
Riboflavin
Thiamine
Vitamin A
Vitamin B12
Vitamin B6
Vitamin E
Calcium
Chloride
Copper

|

lodine

L

Iron

Magnesium

Manganese

Phosphorus

Potassium

Selenium

Sodium

Zinc

Ca:P ratio

EPA + DHA
Vitamin D

that the deficiencies were not eliminated (14). As
many homemade recipes have similar deficiencies
(e.g., zinc), alternating recipes will not provide a
complete and balanced diet.

Diet formulations

Even with a well-formulated diet, nutrient
imbalances may occur, as the diet fed will only
correspond with the computer formulation if the
actual ingredients are consistent with those in the
database. One study has shown good consistency

Amount (per Mcal)

Range

I

i

[

170.4% 76.702 g 45 to (no max) g
4361% 5.556 g 1.28 to (no max) g
458.9 % 2.203 g 0.48 to (no max) g
362.9% 3.448g 0.95 to (no max) g
364.6% 6.199 g 1.7 to (no max) g
391.3% 6.182 g 1.58 to (no max) g
246.8% 2.049 g 0.83 to (no max) g
176.0% 2.869 g 1.63 to (no max) g
276.2% 3.121g 1.13 to (no max) g
312.2% 5.776 g 1.85 to (no max) g
283.2% 3.398¢g 1.2 to (no max) g
218.8% 0.875g 0.4 to (no max] g
301.4% 3.707 g 1.23 to (no max) g
189.7% 26.181¢g 13.8 to (no max) g
100.0% 114.014 g 0 to (no max) g
81.4% 273.063 mg 335.429 to (no max) mg
162.3% 87.653 mcg 54 to no max mcg
780.7 % 26.543 mg 3.4 to (no max) mg
132.6% 3.978 mg 3 to [no max) mg
69.6% 0.905 mg 1.3 to (no max) mg
124.2% 0.696 mg 0.56 to [no max) mg
185.5% 695.680 mcg 375 to 18750 mcg
41.7% 0.003 mg 0.007 to (no max) mg
549.0% 2.086 mg 0.38 to [no max) mg
11.8% 1.477 IU 12.5 to (no max) IU
14.3% 0.179 g 1.25t06.25¢g
219.0% 0.657 g 0.3 to (no max]
49.5% 0.906 mg 1.83 to (no max] mg
0.0% 0.000 mg 0.25t0 2.75 mg
73.7% 7.368 mg 10 to [no max] mg
181.5% 0.272 g 0.15 to (no max) g
328.7% 4.102 mg 1.25 to (no max] mg
97.6% 0.976 g Ttohg
86.3% 1.295 g 1.5 to (no max) g
126.2% 0.101 mg 0.08 to 0.5 mg
146.0% 0.292g 0.2 to (no max] g
52.9% 10.580 mg 20 to no max mg
100.0% 0.183 0to2n/a
100.0% 0.042 ¢ 0to10.53 g
14.0% 17.642 1U 125 to 750 1U

when diets were chemically analyzed and compared

to the computer analysis (14), but owners may not
choose the exact ingredient recommended, and
(for example] the amount of fat in ground meats

can vary considerably. More pertinently, pet owners

will often modify the recipes they are given, a

process known as recipe or diet drift. Modifications

may include changing amounts of ingredients,
adding, omitting, or substituting ingredients, or
omitting or changing supplements. Any of these

variations can alter the nutritional composition of a

diet and could potentially make it unsuitable.

© Balancelt.com
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Nutritional problems have been identified in
commercial pet foods as well; for example,
thiamine (vitamin B1) concentrations below the
AAFCO minimum were identified in 12 of 90 US
canned cat foods, especially in patés and products
made by smaller companies (20). There have been
recalls of commercial pet products associated
with vitamin D excess, for example resulting
from a mistake in a premix used in dog foods.
These errors should be found at quality testing
and result in recalls being made to remove

the affected batches. The potential for ration
imbalance therefore underlines the importance
of quality control and regular nutritional analysis
of pet foods. This is an inherent disadvantage

of homemade diets, as there is no quality

control involved in their preparation and, unlike
commercial diets, such recipes are usually not
tested for nutrient balance or safety. Essentially,
the “feeding trial” is made on that individual pet.
Even if an owner selects the food correctly and
does not change the recipe, an exact match with
the database cannot be ensured, especially over
a prolonged period of time, as the food suppliers
may change what is available. This is especially
important in pets fed homemade therapeutic
diets, as it may affect their disease management.

Cost

Owners may wish to feed homemade diets because
they believe it will save money; however, one study
showed complete homemade diets for dogs are
usually more expensive than commercial dry food,
although they can be cheaper than some canned
diets (21).

Raw food risks

Homemade diets may include raw meat-based
products and bones. Chewing on large bones
does not provide sufficient dietary calcium, does
not prevent dental plaque or periodontitis, and
can cause tooth fractures. Raw meat-based
diets, whether homemade or commercial, can
be a health risk for dogs, cats, and their owners
due to potential pathogen contamination. While
this has occasionally also been reported in dry
commercial cooked petfoods, it is uncommon,
as such products are processed at high
temperatures which kill bacteria. Contamination
is even more unlikely in unopened canned foods,
as they are sterilized in the can. Microbiological
contamination is much more likely with raw foods,
and has been reported numerous times;

for example, various studies have noted
commercial raw frozen or freeze-dried pet foods
to be contaminated with a variety of zoonotic
bacterial and parasitic pathogens (22,23).

It is not possible to know what percentage of

raw homemade diets are contaminated, as

they are not monitored, but the prevalence of
contamination of meat and poultry products for
human consumption is known. A meta-analysis
of 78 studies conducted in 21 European countries
showed that Staphylococcus aureus was the main
pathogen, being detected in 38.5% of poultry

n fOCUY.
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Figure 4. A nutritional assessment, including a
discussion of the pet’s current diet, should be a
feature of every consultation.

meat (with a range of 25.4-53.4%), followed by
Campylobacter species at 33.3% (22.3-46.4%).
Listeria monocytogenes and Salmonella spp. were
present at a lower prevalence at 19.3% (14.4-
25.3%) and 7.1% (4.60-10.8%), respectively (24).

Importantly, whilst owners may not see overt
clinical signs of bacterial infection in animals
fed contaminated raw foods, the pets can still
be shedding pathogens in their feces and saliva.
The fecal shedding of pathogens constitutes
both a public health hazard and a risk to
household members, especially those who

are immunocompromised, young, elderly or
pregnant. Raw feeding may also contribute to
bacterial antibiotic resistance; such foods have
been identified as a risk factor for shedding of
extended-spectrum beta-lactamase-producing
Enterobacteriaceae in household cats (25].

Discussing diet
choice with owners

Owners may have strong feelings about their
choice of diet for their pet, so nutrition can

be a challenging discussion. It is important

to ask about feeding as part of the nutritional
assessment, and to have a non-judgmental
discussion about the reasons for the choice of
diet (Figure 4). Owners may have misperceptions
about ingredients or processing of commercial
pet foods, and may have obtained their “data”
from biased and misinformed online or book
sources, so it can be appropriate to ask the
owner if they would like more advice. In
particular, when the diet being fed may not be
complete or balanced, as is the case for most
homemade recipes, providing information about
the pet’s nutritional requirements may help,
and where there is a risk for, or the presence

of, a diet-related disorder (such as nutritional
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secondary hyperparathyroidism in a young
animall, there is some urgency in correcting
the diet. Providing highly visual and written
information is more effective than only verbal
advice, which may not be recalled correctly or
may be misinterpreted.

The healthcare team should recognize that the
owner’s feeding choices were likely made in the
hope that they were in the best interest of the pet.
Positive aspects of the owner’s management and
care for their pet should be noted; if an owner feels
that they are being judged for poor management of
their pet, they are more likely to become defensive
and less likely to implement the necessary dietary
changes. Once an owner is willing to contemplate
a change in feeding, a definitive plan should be
outlined for transition to a complete and balanced
diet, and can include the options of switching

to

a commercial diet, utilizing a program and

supplement such as that provided by a reputable
website (e.g., Balanceit.com), or being referred to a
board-certified veterinary nutritionist®.
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l CONCLUSION

While owners may choose a homemade
food for their pet because they believe

it to be the healthiest - or possibly only
- choice available, they should be aware
of the potential risks involved, as well as
any perceived benefits. Ultimately, any
diet should be as safe from pathogens
as possible, and must deliver complete,
balanced nutrition including appropriate
supplements. The clinician should strive
to include dietary advice whenever
appropriate during a consultation, as
omission could lead to a nutritionally
related disorder in either the short or
longer term for the pet.
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DIET AND CANINE DILATED
CARDIOMYOPATHY

KEY POINTS

ELC
reports that
grain-free diets can
contribute to dilated
cardiomyopathy (DCM)
in dogs are currently
the subject of much
research.

Additional
research
is necessary
to investigate the
possible role of taurine
in canine DCM, as well
as identifying other
potential factors that
may influence this
disease.

2 f6C.

What is the link between certain diets and canine heart
disease? This paper gives an overview of the current
situation and offers some advice for clinicians.

 Jole i
565 Introduction

Dilated cardiomyopathy (DCM) is an
idiopathic functional abnormality

of the myocardium causing left
ventricular systolic dysfunction,
cardiac chamber dilation and/

or ventricular tachyarrhythmias.
Definitive breed predispositions

exist for the Doberman Pinscher,
Great Dane, Standard Schnauzer and
Irish Wolfhound, where a pattern of
inheritance and/or genetic mutations
are described (Figure 1). As in cats,
diet-associated DCM in dogs is also
well-described, with clusters of cases
being reported in the 1990s and into
the first decade of this century; these
were mainly characterized by taurine
deficiency and were linked to diets
low in protein or that contained lamb
and/or rice (1-3). Several studies at
that time investigated possible risk
factors, which primarily appeared to
negatively impact the dog’s ability to
synthesize adequate taurine to meet
its metabolic needs (4-6).

After resulting modifications to
various commercial diets, including
those formulated to be lower in
protein for management of specific
diseases, diagnosis of DCM in dogs
of non-genetically predisposed
breeds apparently occurred only
occasionally until late 2016, when
clinicians began noticing more
cases. The United States Food and
Drug Administration (FDA)
announced an investigation into the
potential connection between diet
and canine DCM in July 2018 and
this was followed by updates in
February and June 2019. The most
recent update in September 2020
included over 1,100 reports of canine
DCM suspected to be related to diet,
in particular those marketed as
grain-free and especially with diets
containing legumes such as lentils
and peas. This report also included
detailed follow-up on a subset of the

© Shutterstock

affected dogs, which showed that
dietary change, most often together
with taurine supplementation,
resulted in complete or partial
disease reversal (7).

Unsubstantiated claims that grains
cause allergies and other negative
health outcomes in dogs and cats
have contributed to the popularity

of grain-free pet foods. However,
there is no evidence of an inherent
safety risk of grains for pets, nor any
medical or nutritional indication for
grain-free diets per se. Descriptive
and investigative research by multiple
groups is ongoing or published,
although the role of specific dietary
characteristics in diet-associated
DCM linked to grain-free foods
remains unclear.

Figure 1. Certain dog breeds

are well-recognized as being
genetically prone to dilated
cardiomyopathy, including the
Doberman Pinscher and the Great
Dane, but recent attention has
focused on the possibility that
certain dietary components can
predispose dogs to heart disease.
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Clinical findings and
diagnostic guidelines

While DCM can be occult (asymptomatic), clinical
signs may include coughing, dyspnea, tachypnea,
syncope, and occasionally ascites. A soft systolic
murmur consistent with mitral valve regurgitation
and/or a gallop sound (S,) may be auscultated

at the left apex. A tachyarrhythmia of sinus,
supraventricular or ventricular origin may be
noted. In some cases, a murmur or an arrhythmia
may be the first sign of the occult form of the
disease, and this should not be overlooked. Since
primary valvular disease is relatively uncommon
in young or middle-aged large breed dogs, and
the detection of DCM before the development of
congestive heart failure (CHF) may be beneficial
in the long-term management of the case,
identification of any new murmur, gallop, or
tachyarrhythmia in suspect breeds may warrant a
thorough cardiac work-up (Figure 2).

Many dogs with DCM have normal
electrocardiograms (ECGs), but in some cases
atrial and/or ventricular enlargement patterns

(R > 3.0 mV Lead Il for the left ventricle) may be
noted. Chamber enlargement patterns in dogs

are specific but not sensitive findings, as many
DCM cases have relatively normal ECG complex
measurements. Sinus tachycardia, atrial fibrillation
or ventricular arrhythmias are common (Figure 3).
In some cases, ventricular tachyarrhythmias can
develop before any ventricular dilation or systolic
dysfunction. Routine Holter monitoring may help
detect these, and this technique has become a
mainstay of the screening process for this disease,
particularly in breeding populations.

If the disease is diagnosed in the early stages,
radiographic findings may be subtle. Therefore,
depending on the stage of the disease, thoracic

© Shutterstock
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Figure 2. Routine clinical examination may
pick up a new murmur, gallop, or cardiac
arrhythmia in a patient. Any abnormal heart
sound warrants further cardiac investigation
which may include tests such as cardiac
biomarkers, electrocardiogram, chest
radiographs, or echocardiography.

radiographs can be within normal limits or may
indicate atrial and ventricular enlargement
(typically left) with or without pulmonary venous
distension and pulmonary edema (Figure 4).
Biatrial and biventricular enlargement may be
noted in some cases. Echocardiography is not

only the diagnostic test of choice for diagnosing
canine DCM, it is also an important test for occult
disease. Findings in the patient with overt disease
should include left (and sometimes right) atrial and
ventricular dilation and decreased systolic function.

Cardiac biomarkers are currently a major area of
research for identification of occult heart disease.
NT-proBNP is released when the ventricles are
dilated, hypertrophic or subjected to increased wall
stress or stretch, and concentrations of NT-proBNP
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Figure 3. An ECG is shown from a 2-year-
old Golden Retriever with confirmed diet-
associated DCM. Ventricular premature
complexes are observed, which is a common
feature of this disease and should prompt
cardiac evaluation when observed.

are typically increased in dogs with CHF and can be
used to help diagnose or exclude CHF in dogs with
cough or dyspnea. NT-proBNP may also be helpful
in the identification of occult disease, but the
frequency of false positives is a concern.
Additionally, cardiac troponin-| is a cardiac
biomarker that, when elevated, is consistent with
occult cardiomyopathy, and although this test is
specific for DCM, it is not sensitive enough to
identify all cases. Interestingly, a recent study
involving four breeds of apparently healthy

dogs showed that cardiac troponin-Il was

elevated in those eating diets labeled as
grain-free when compared to those that

were fed a grain-inclusive diet (8).

Potential risk factors
for diet-associated DCM

Various factors, including taurine deficiency, are
postulated to have a role in recent cases of diet-
associated DCM. However, many cases do not

have taurine assessments performed as part

of the work-up, or when tested, are shown not

to have low plasma and/or whole blood taurine
concentrations. It should be noted that most clinical
cases of diet-associated canine DCM are identified
once cardiac dysfunction is apparent, which may

or may not be accompanied by CHF, and sulfur
amino acid metabolism - and in particular taurine
kinetics — under those circumstances have not been
characterized. The disconnect between the results
of taurine status assessments and clinical changes
in the cardiac muscle may also be due to other
factors. For example, it should be recognized that
taurine has long been used as a readily analyzed
marker for sulfur amino acid adequacy and,
indirectly, the adequacy of general methyl donor
status. However, other markers or assessments may
enable a more complete clinical picture. Additional
research is necessary to investigate the possible
role of taurine in canine DCM, as well as fully
characterize the interrelationships of other potential
factors or nutrients that likely influence this disease.

% fOCU.
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Figure 4. A lateral thoracic radiograph from a
2-year-old Golden Retriever that presented for
evaluation of a cardiac arrhythmia and soft heart
murmur. This dog had severe DCM on cardiac
ultrasound, had a lifelong history of grain-free
diet, and improved dramatically with diet change.

Certain dietary characteristics have been linked
to many cases of canine DCM, and notably

in relation to particular ingredients. Specific
ingredients such as peas or lentils, which are
commonly used in grain-free diets, appear to

be largely over-represented. Several studies
have identified grain-free diets as a risk factor

in this disease, but the reason for these findings
is unclear (8,9,10,11). Legumes are a source of
starch as well as significant amounts of fiber and
protein; however, they are limited in sulfur amino
acids, and some contain anti-nutritional factors
that negatively impact protein digestibility and
amino acid bioavailability. Proper manufacturing
processes, including adequate cooking times and
temperatures, are expected to largely destroy
such anti-nutritional factors, but these procedures
must be well defined by the manufacturer for any
particular ingredient combination. In addition,
some amino acids (especially lysine, cysteine, and
methionine) undergo non-enzymatic reactions
during processing that can result in decreased
bioavailability even without negative effects on

“Whenever possible, whole blood and
plasma taurine concentrations should be
measured in any dog with DCM, given
that low concentrations are very good
indicators of disease risk and of

nutritional inadequacy.”

Jennifer Larsen
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global protein digestibility. In summary, many
characteristics of pet food impact the overall dietary
amino acid balance as well as the microbiome (12].
These are all likely to influence availability and
utilization of sulfur-containing metabolites, pathway
intermediates, methyl donors such as choline, and
enzyme co-factors such as vitamins.

Commercial pet foods
and DCM risk

Without a complete understanding of the underlying
mechanisms, it is difficult to define specific
recommendations for product modifications that
will help prevent canine diet-associated DCM. Many
balanced pet food products have been successfully
formulated over the years using a range of
ingredients, including potatoes and legumes, to
provide the necessary protein and starch. However,
it is apparent that commercial foods must better
address the diversity of the canine population, so
that all diets meet the needs of the many dogs

that are not “average” in terms of energy and
nutrient requirements. In addition, in vivo testing is
essential, since amino acid bioavailability cannot be
estimated by chemical analysis of the food (13).

Many manufacturers have initiated taurine
supplementation in grain-free dog diets, with the
implication or even assertion that this strategy will
prevent DCM. However, this masks the ability to
assess for poor sulfur amino acid bioavailability

or deficiency. Although it is not unreasonable

to add taurine to some diets where the protein

level is intentionally restricted (such as in some
veterinary therapeutic diets), maintenance of taurine
adequacy in dogs is probably most appropriately
accomplished by increasing the concentration of
bioavailable methionine and cysteine (14). The use

of high-quality, digestible protein sources and/

or supplementation with purified methionine is
recommended, together with consideration for
overall amino acid balance and adequate provision
of methyl donors necessary for metabolism of sulfur
amino acids (15).

Assessment
of suspected cases

Individualized nutritional assessment is a critical
aspect of management of any patient. Evaluation
of the complete diet along with the medical history,
patient status, and physical examination findings
will inform diagnostic and therapeutic plans,
including dietary options. Current and historical
body weights, body condition scores, and muscle
condition scores should all be taken into account.

Whole blood and plasma taurine concentrations
should be measured in all dogs (and cats) with
DCM, given that low concentrations are very

good indicators of disease risk and of nutritional
inadequacy, even if additional factors may also
influence the development of the condition (16).
Due to the high-taurine content of granulocytes and

platelets, sample clotting or hemolysis can result
in falsely increased plasma taurine concentrations;
however, whole blood taurine concentration is not
confounded by these sampling and handling effects.
As such, when plasma taurine concentrations are
low, a diagnosis of taurine deficiency can be made;
however, whole blood taurine concentrations may
be used to substantiate a diagnosis of taurine
deficiency when plasma concentrations are normal
or equivocal. In addition, whole blood taurine
concentrations are only slightly altered after meal
consumption, whereas the plasma concentration
may change substantially depending on taurine
status and the composition of the pre-sampling
meal relative to the longer-term diet.

Management
recommendations

A dietary change is recommended if it is suspected
of playing a role in the development of heart disease,
especially if there is a large discrepancy between
the predicted and actual calorie requirement.
Notably, the FDA report from 2020 described disease
resolution or improvement with diet change, and two
recent studies have shown that dogs fed grain-free
or non-traditional diets when diagnosed with DCM
have prolonged survival times and improvement

of heart function once a diet change is instituted

as part of therapy (9,11). For owners that wish

to discontinue commercial pet food entirely, it

is recommended to pursue the formulation of

a customized home-cooked diet recipe through
consultation with a board-certified veterinary
nutritionist. Internet or book recipes are not advised
due to documented problems with adequacy and
outdated strategies for disease management.

In the United States, any suspected diet-associated
cases of dilated cardiomyopathy (regardless of diet
history) should be reported to the FDA.

For Doberman Pinschers, genetic testing is
available (through North Carolina State University
and other establishments) which may help

“One recent study showed that
apparently healthy dogs eating grain-
free diets had elevated cardiac
troponin-I when compared to those on
grain-inclusive diets, suggesting
myocardial injury.”

Joshua A. Stern

25



elucidate the etiology, but it should be
remembered that more than one cause in an
individual dog is possible.

Administration of angiotensin converting enzyme
(ACE) inhibitors may be beneficial for the dog with
early ventricular dilation, with or without systolic
dysfunction. A major study in Doberman Pinschers
with ventricular dilation showed that this drug
prolongs the time period before the onset of CHF
(17). Although this study was limited to evaluation

of

one breed, the use of ACE inhibitors

(e.g., enalapril at 0.5 mg/kg PO q12H) for other
breeds with occult DCM may be considered. The
same study also showed that once a certain level

of

heart enlargement and systolic dysfunction is

reached, Doberman Pinschers benefit from oral
pimobendan therapy (~0.3 mg/kg PO q12H) which
prolongs the time to onset of CHF (17).

Pimobendan is an inodilator drug that exerts its
action through phosphodiesterase Il inhibition
and calcium sensitization. In the authors’ practice,

all dogs with occult cardiomyopathy receive both
pimobendan and an ACE-inhibitor, with or without
dietary change and taurine supplementation
depending on breed, blood taurine levels, and diet
history. Therapy for dogs with DCM and CHF is
expanded to add furosemide (and often
spironolactone) on top of the existing pimobendan
and ACE-inhibitor treatment, with the treatment
regime being frequently modified to address
ventricular arrhythmias or atrial fibrillation

as needed.

Taurine supplementation is safe and is specifically
indicated in cases with confirmed deficiency (500-
1500 mg per dog q12H). Carnitine supplementation
can also be considered (50 mg/kg q8HJ, but the
indication and benefits are difficult to assess, and it
can be costly. Additionally, omega-3 fatty acids may

ILIIJ REFERENCES

be beneficial in cardiac disease, with a suggested
total dose of 125 mg EPA+DHA/kg®">/day.

Note that, when calculating the total intake,

the clinician should consider the fatty acid
contributions from all sources, including the base
diet and any supplements.

Many dogs with diet-associated DCM improve with
appropriate therapy including diet change and
nutritional supplementation, and in some cases

the improvement can be quite significant, including
reversal of CHF and even successful withdrawal of
medications. This degree of reversibility is similar to
that seen in cats, and is one defining feature of diet-
associated (compared to hereditary) canine DCM.

CONCLUSION

Although the possible links between diet and
canine dilated cardiomyopathy (DCM) are
currently far from clear, there is ample
evidence to support that certain nutritional
factors influence the disease. Any animal
presenting with a heart murmur, gallop, or
tachyarrhythmia should undergo a thorough

cardiac work-up, including a detailed diet
history and whole blood taurine
measurements. Early intervention in dogs
found to have DCM using appropriate therapy
and - where indicated - dietary changes can
have a significant effect on the outcome of
such cases.
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The feline species is unique in many ways, and none more so than in
Its nutritional requirements, as illustrated in this question-and-answer

paper from Ana Lourenco.

KEY POINTS

Cats are obligate

carnivores and it is
extremely difficult,
although in theory possible,
to formulate a balanced
maintenance diet for cats

It is often said that
cats should not be given
milk due to a “lactose
intolerance”. This does not,
however, mean that milk is

which is entirely free
from animal products.

forbidden at all times.

Cats have a

Carbohydrates are
not contraindicated
for cats, but the dietary
carbohydrate source must
be in a form that is easily

remarkable ability to
concentrate their urine if
drinking water is scarce,
but for optimal health they
should be encouraged to

digestible. drink freely wherever

possible.

égg Introduction

Cats were first domesticated by humans some
10,000 years ago, and since then they have become
one of our most popular companion animals. This
has, not unnaturally, meant that we want to offer
them the best possible care, and to this end the
last few decades have seen much research effort
focused on the feline species, and especially
towards their nutritional requirements. It has
gradually become apparent that the cat is an
animal full of peculiarities, not least from the
dietary point of view, and this article will explore
the practical implications of some of these.
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88 Q: Can a cat be fed a diet free

from animal products?

A: Cats are often referred to as being strict or
obligatory carnivores; in the wild they consume
food that is almost entirely from animal sources,
they are anatomically designed to hunt and

eat prey, and their metabolism is adapted for
their natural diet (1) (Figure 1). Cats have
various nutritional requirements, of which
some must be supplied via their diet as they
cannot be produced in sufficient quantities by
their intrinsic metabolic pathways. Research
shows that the cat has at least 45 nutrients
which are essential for health (2], and because
of their metabolic peculiarities they have higher
requirements for protein, arginine, methionine,
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Figure 1. Cats have evolved over many centuries
to hunt, catch and eat prey, and their metabolism
is based around an animal-based diet.

cysteine, taurine, arachidonic acid, vitamin A,
vitamin D, niacin and pyridoxine when compared
to omnivores (1,2).

Some essential dietary nutrients are primarily
sourced from animal-derived ingredients; these
include several amino acids (lysine, methionine,
cysteine and taurine), some vitamins (A, D and B,,),
and some fatty acids (arachidonic, eicosapentaenoic
and docosahexaenoic acids). It can be challenging
to obtain these from sources other than animals,
so to formulate a feline diet that is free from
animal products these nutrients must be provided
by alternative means, either from chemically
synthesized products or from specific non-animal
sources. However, such options are not necessarily
straightforward, and their use can raise other
challenges. Firstly, it is not enough to simply know
a given product contains the desired nutrient; it is
essential to know the actual level of the required
nutrient it contains. This is because the product
may have a lower concentration of the substance
than an equivalent animal-based product, or have a
lower activity (e.g., it may contain vitamin D,instead
of D,), so the bioavailability (i.e., the amount of an
ingested nutrient that is available for metabolism or
storage within the body) needs to be quantified.
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Secondly, some ingredients that are vegetable-
based or derived from non-animal sources can also
negatively impact a diet; they may alter the overall
digestibility and bioavailability of its nutrients - for
example, by adversely affecting the content and
structure of the carbohydrate - and they can
reduce the overall palatability.

And thirdly, the possible risks posed by such diets in
terms of their potential impact on common diseases
must also be evaluated - such as the effects on
urinary pH, with the possibility that this can
predispose to the formation of bladder calculi.

In short, there are considerable challenges in
producing an animal-free diet for cats that is not only
complete and balanced when subject to chemical
analysis, but proven to be adequate as a long-term
maintenance food. As far as can be ascertained,
these data are lacking for any of the commercially

5 fOCUY.

available “vegetarian” or “vegan” foods presently
marketed for cats, and research to date shows that
they often do not even meet the recommended
essential nutrient levels (3-5). One study has
suggested that in some cases the health of cats fed
an animal-free diet was unaffected (3], but it was
unclear if these cats had outdoor access where they
could have hunted - and in addition the evaluation
period may not have been long enough for individual
animals to display any signs of deficiency.

The author is unaware of any major multinational
pet food company that currently produces a feline
diet that is free from animal ingredients. This in
itself is significant; since these companies have the
in-depth knowledge and the financial resources
required to research and produce this type of diet,
and given that this product would find a ready
market with some pet owners, it can be argued that
such foods pose, for now at least, an unnecessarily
high risk for cats. Decades of research has
revealed a great deal of unexpected information on
feline nutrition - and we are still learning - so on
this basis any formulation for cat food should be
supported by good scientific evidence in order to be
as safe as possible. The bottom line must be that,
for now at least, cats should be fed a meat-based
diet, as the alternatives raise the real possibility for
sub-optimal long-term nutrition.

Q: Is feline heart disease
linked to diet?

A: The short answer here is - in some situations,
possibly. In the late 1980’s taurine was identified
as the key nutrient which could reduce the
prevalence of dilated cardiomyopathy in cats

(6). The mechanism by which low levels of

taurine within cardiac muscle result in dilated
cardiomyopathy and heart failure is not yet

fully understood, although it is postulated to be
due to disturbances in the calcium and energy
metabolism of the myocardial muscle (7,8). Taurine

“Some vegetable-based and non-animal
alternative sources can also negatively
impact on a diet by affecting the
digestibility and bioavailability of its

nutrients and reducing diet palatability.”

Ana Luisa Lourenco
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is a non-protein B-amino sulfonic acid which is
abundant in the cat’s natural prey. In contrast to
most mammals, cats have low concentrations of
cysteine dioxygenase and cysteine sulfinic acid
decarboxylase, key enzymes in the metabolic
pathway of taurine synthesis (9). This idiosyncrasy
means that cats are unable to efficiently synthesize
taurine using methionine and cysteine, and
therefore are dependent on their diet to provide the
taurine they need as a metabolic substrate.

Once taurine was recognized as an essential
nutrient, manufactures started to incorporate it

in commercial petfood diets, and what was once a
frequent cause of cardiomyopathy in cats became a
rare occurrence. Most cases are nowadays identified
in cats fed homemade diets, but it should be
stressed that it is not just this species that may be
susceptible. A recent Food and Drug Administration
review in the USA has highlighted a possible link
between certain diets and the development of dilated
cardiomyopathy, with most of the recently reported
cases being in dogs, although a small number of
cats were also affected (10). Various factors are still
unclear, but the investigation is centered around

the diets that were fed to affected animals and,
more specifically, a suspicion that the diets had low
bioavailability levels of taurine. It should be stressed
that there are diverse factors involved in the etiology
of dilated cardiomyopathy, and that more robust data
collection will be needed before any conclusions can
be drawn from this review.

If dietary taurine deficiency is identified as

the likely cause in a case of feline dilated
cardiomyopathy, with tests demonstrating low
levels of the amino acid in plasma and whole blood
(Figure 2), supplementing the diet with taurine
usually results in an immediate improvement of
heart function and - assuming that the cat survives
the immediate critical period - the condition should
resolve within 6 months. So whilst it is true that
certain diets can cause heart disease in cats, a
well-formulated commercial diet is unlikely to
predispose to cardiomyopathy.

Q: Should a cat be given
milk to drink?

A: Most cats enjoy drinking milk, but this does not
necessarily mean it is healthy for them (Figure 3).
Perhaps a better question is “how much milk is
appropriate to give a cat - and what problems can
be linked to milk consumption?” Certainly cats, like
all other mammals, naturally survive exclusively
on milk in their first weeks of life, and even after
they start to ingest solid food they will partially rely
on their mother’s milk until they are fully weaned
(Figure 4). The lactase activity in a cat’s intestine
declines with age, and with it the capacity to digest
lactose, the main sugar present in milk. If the
amount of lactose ingested by a cat surpasses its
capacity to digest it, the remaining lactose will
ferment in the gastrointestinal tract, leading to
clinical signs such as vomiting and diarrhea. An
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Figure 2. It is advisable to measure taurine
plasma levels if dilated cardiomyopathy is
suspected in a cat.

Figure 3. Most cats will enjoy drinking milk -
but this does not mean that it is good for them,
especially if given to excess.

adult cat’s capacity to digest lactose is therefore less
than that of a kitten, but research has confirmed that
an adult cat can cope with (at least) 1.3 g lactose

per kg bodyweight on a daily basis (11). It is notable
that the lactose concentration in milk is remarkably
constant, both between different species [e.g., cow,
sheep or goat’'s milk) and across different types of
milk (i.e., skimmed, low-fat or whole milk], with an
average maximum of 5% (12]. This means that a cat
should be able to cope with ingesting up to 25 mL
per kg bodyweight per day; so if a 4 kg cat was to
drink less than 100 mL of milk each day, it is unlikely
to develop any clinical signs of lactose intolerance.
This does not exclude the fact that a few individuals
can have a particularly low digestive capacity for
lactose, so in some cases clinical signs can develop
even if a cat consumes a small quantity of milk.
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Figure 4. A female cat’s milk will provide a
complete diet for her kittens in the first few
weeks of life.

However, quite apart from the lactose intolerance
aspect, if a cat is given milk regularly it is important
that the overall nutritional profile of the diet and the
amount of energy ingested is also taken into
account. A queen’s milk is a very complete food for
her kittens, containing all the essential nutrients,
but it does not constitute a balanced diet for a cat
after weaning. Milk is also energy dense, so if
offered to a cat on a regular basis it should either
be regarded as an integral component of a complete
and balanced diet, or considered to be an extra
treat; with this scenario the amount offered should
not exceed 10% of the energy content of the basic
diet. Given that whole bovine milk has an energy
density of 69 kcal/100 mL (or around half of this for
skimmed milk) (12) and that a castrated 4 kg cat
has an average daily energy requirement of 130-
190 kcal/day (52-75 kcal/kg®¢’), the daily amount

of milk to be offered as a treat would be 20-30 mL,
or around double this amount if skimmed milk

is used. At this level, the lactose intake is well
below the maximum.

Finally, another aspect to consider is the possibility
that some cats can be allergic to casein. Although
the literature does not report this as being
prevalent in cats (13), obviously such individuals
should not be fed milk at all.

In summary, it can be said that milk in moderation
is acceptable for most cats, but excessive amounts
can be detrimental in the long term.

Q: Can a cat digest and
metabolize carbohydrates?

A: The metabolism and physiology of the feline
species has evolved on a diet based on small prey
(such as mice and birds) which provide very limited
amounts of carbohydrate (14), and when given the
choice domestic cats will still select diets that have
a low-carbohydrate content (15). These facts lead
to the assumption that a cat’s digestive system and
metabolism cannot cope with carbohydrates. In
fact, glucose (one of the simplest carbohydrates)
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is just as essential for the feline carnivore as for
omnivores or herbivores. Glucose is the main or
only source of energy for brain and red blood cells,
leukocytes and some specific cells within the
renal medulla, testes and eye (16). Glucose is also
required for the synthesis of some non-essential
amino acids, vitamin C and nucleic acids, and

(in lactating queens] to manufacture lactose (16).
Nevertheless, carbohydrates are not mandatory in
the cat’s diet, as they can synthesize the glucose
that they require from other sources.

Blood glucose concentrations in the cat will rapidly
return to normal baseline levels after intravenous
glucose administration, and the fasting glucose
blood levels in this species are very similar to that
of other mammals who have different dietary needs
(16), so it is clear that cats can indeed metabolize
carbohydrates. Although they have evolved to have
a more limited digestive capacity for complex
carbohydrates than other domesticated species
[e.g., dogs or pigs (17)), cats can digest and absorb
carbohydrates efficiently as long as they are
properly processed (i.e., ground and/or cooked)
and are not ingested in excessive amounts (18).

So the question is not so much “should cats be

fed carbohydrates?” but rather “what needs to

be considered when including carbohydrates in a
cat’s diet?” - which is why cats should not be fed
carbohydrates that are raw or in amounts that
exceed their digestive capacity.

Q: Can a cat become diabetic if
fed a high-carbohydrate diet?

A: Diabetes mellitus is a relatively common disease
in cats, with some studies indicating a prevalence

as high as 1.25% (16), and owners of affected cats
may ask if the carbohydrate component in their pet’s
diet has contributed to development of the disease
(Figure 5). Firstly, it is appropriate to consider why,
since a cat’s natural diet typically has very low levels
of carbohydrates (at around 2% on a metabolizable
energy (ME] basis (14)), most commercial cat foods

Figure 5. Cat owners may ask if excess dietary
carbohydrates contribute to diabetes but there is
not enough evidence to support this theory.
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contain relatively high levels of carbohydrates.

This is not simply because this class of nutrient is
cheaper or more sustainable than protein or fat, or
that it is a technological requirement for making
kibble. It is also because carbohydrates have various
beneficial properties; they are extensively digested
and absorbed in the gastrointestinal tract, they

can partially replace fat and protein in the diet as

an energy source, and they also have a metabolic-
sparing effect on amino acids.

Since feline diabetes is an endocrine disorder that
is caused mainly by an intolerance to glucose due to
insulin resistance, it can be difficult not to assume
that the carbohydrate content of a cat’s diet is the
cause of the disease, but the evidence to support
this hypothesis is very weak (16). There are some
data that suggest offering affected cats lower
carbohydrate diets can result in better glycemic
control and higher clinical remission scores (19],
and diabetic cats can certainly benefit from such
diets, but this does not necessarily mean that
carbohydrates are the cause of the condition.

Blood glucose levels rise after a meal, followed by
a physiological insulin release from the pancreas
to counteract this effect. If there was a connection
between higher levels of dietary carbohydrates and
diabetes, it would be expected that this mechanism
would be altered in some way, resulting in lower
glucose tolerance and/or lower insulin sensitivity.
Some studies have found changes in glucose
tolerance when feeding cats high-carbohydrate/
low-protein diets when compared to high-protein/
low-carbohydrate diets, but other studies have not
confirmed this (20). At least one study has failed to
establish any relation between the carbohydrate
content of the diet and insulin sensitivity (21), and
it is also true that even diets with high levels of
starch do not usually cause hyperglycemia and
glycosuria in cats.

In addition, the idea that raised blood glucose
levels secondary to high-carbohydrate diets in
cats are responsible for excessive insulin
secretion from pancreatic B-cells (which could
then lead to destruction of the cells and
subsequently diabetes mellitus), has been refuted
by a study that showed that feline pancreatic
B-cells are more responsive to amino acids and
less responsive to glucose than the B-cells of
omnivorous species (22). This suggests that there
is more to the etiology of feline diabetes than the
carbohydrate content of a diet. Nonetheless,
studies have shown that the feline species has a
lower glucose clearance rate than in dogs or
humans, and that a chronic hyperglycemia state
(30 mmol/L over a 10-day period, achieved by
glucose infusion) can cause dysfunction and loss
of B-cells which impairs insulin secretion (16).
Itis, however, important to note that this scenario
does not mimic a cat’s physiological response to
food intake, so in conclusion there is no solid
evidence that currently supports a hypothesis that
the carbohydrate content of a diet can cause
diabetes in the cat. Obesity, due to inactive
lifestyle and excessive caloric intake, and
advancing age remain the greatest risk factors
for diabetes mellitus (16).
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Figure 6. Although most cats have unrestricted
access to water, many of them may not drink a
great deal.

Q: Can a cat be healthy
without drinking water?

A: Cats cannot survive without water, but they

will satisfy their fluid requirements both by
exogenous means (from drinking water and the
water content of their food) (Figure 6), and by
endogenous processes (from water produced from
oxidation of carbohydrates, fats, and protein).
They will lose water in their urine, faces and via
evaporation processes, and whilst various factors
(including disease, and the ambient temperature
and humidity) can increase these losses, the typical
average daily water requirement of a cat is about
50 mL per kg body weight (23].

When necessary, cats have an incredible ability

to concentrate their urine by reabsorbing water
within the kidneys. Although this is probably a
valuable evolutionary adaptation to aid survival

in arid environments, it has been suggested that
this ability, along with a low water intake, may
contribute to the development of some of the
urinary tract disorders which are so prevalent in
this species (24). To reduce this risk, any measure
or strategy that encourages a cat to ingest more
water is to be encouraged - so for example, by
providing water fountains or extra water bowls
around the house (Figure 7). However, at the same
time it is important to avoid anything that may
upset the cat, as stress can be a major contributor
to some feline health issues. The factors that help
maximize a cat’s water intake whilst minimizing
any element of stress need to be tailored for each
individual animal (24), and the best approach is
simply to allow the cat to decide how, where, and
when to drink.

But drinking water is not the only option available;
the water contained within its food is also a good
option to fulfil a cat’s fluid requirements. Food is a
good source of water for cats in nature, since the
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Figure 7. A drinking fountain can be one way to
encourage a cat to increase its water intake in a
stress-free way.

prey they catch to survive in the wild (small rodents
and birds) will have a water content of around 70%
(14). Offering a diet with a high water content is
obviously both very effective and stress-free, as
long as the cat enjoys this type of food, and many
years ago it was shown that the cats could meet
their water requirements solely from a diet of fish

or

meat (25). More recent research has shown that

a cat’s daily water intake and the volume of urine
it produces is significantly higher when wet food
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(which contains around 75-80% water]) is offered
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water intake for good homeostasis.

l CONCLUSION
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nutritional needs of the feline species can vary
quite markedly from the canine requirements,
and it is always worthwhile devoting a
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to owners.
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Obesity in our pets is nothing new - but Alex German offers some new
Ideas as to how the problem can be best tackled.
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stete Introduction

Obesity can be defined as “a disease in which body
fat has accumulated to the point that the health of
an individual is adversely affected” and - in both
pets and humans - it is associated with negative
effects on wellbeing and health, a shortened
lifespan and a poorer quality of life. Despite much
recent scientific and media interest, the prevalence
of obesity continues to increase, and the problem
shows no signs of abating (1,2]. This article
considers the current challenges with pet obesity
before looking at possible options that may help
improve the management of this chronic disease.

®9C What are the challenges?
o

Increasing overall prevalence
of obesity

Numerous studies over the last 30 years have
reported the incidence of obesity in pets, and
although comparisons between studies should

be made cautiously, there is an apparent trend
towards an increasing prevalence in both dogs and
cats. In studies using a body condition score (BCS)
of 1to 9, the number of dogs rated as 8/9 or 9/9
increased from 10% in 2007 to 19% in 2018, and
for cats in the same period from 19% to 34% (2).
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Increased prevalence
in growing animals

There is an even more concerning trend in growing
animals. A recent study reported the prevalence of
overweight and obesity in cats at 12-13 months of
age to be 7% (3) - which may be an underestimate,
given that this employed data from owners

(rather than veterinarians) on weight status. More
concerning is the situation with young dogs; one
study found that of 516 juvenile (< 24 months] dogs,
190 (37%) were either in overweight or obese body
condition, with the prevalence increasing steadily
during the growth phase, from 21% (21/100) in dogs
under 6 months of age to 52% (16/31) in dogs 18-
24 months of age (4).

Changing breed popularity

Recent changes in demographics, with the
increased popularity of small-breed (particularly
brachycephalic) dogs are also significant.
Historically, it was typically medium-to-larger breed
dogs that were predisposed to obesity, but a recent
survey (2] noted the greatest prevalence was now
mostly in small and toy breeds of dog (Figure 1).

Owner assessment

Owners often underestimate the true body
condition of their pet, assuming them to be
slimmer than they are. This may be because their
overall perception of body shape is incorrect, or it
may be that their assessment is linked to constant
exposure to overweight and obese pets, and
exacerbated by media images that depict animals
perceived to be “perfect” examples of their breed;
for example, in a recent observational study 26%
of animals photographed at a national dog show
were judged overweight (5). This might explain
why veterinary and owner estimations of body
condition can differ, and why owners can distrust
professional assessments regarding obesity (6).

Increasing number of animals
“beyond the scale”

Of major concern is the fact that whilst the 9-point
BCS scale is useful, 9/9 depicts an animal that

is 40% above its ideal weight, but this arguably
does not reflect the degree of adiposity seen in
the current generation of pets (Figure 2), many

of which are now “beyond the scale”. A long-term
survey has noted an average of 46% of patients to
be > 40% above ideal weight (author’s unpublished
data), with the most recent years (2015-2020)
showing 59% of animals to be past this marker.

Efficacy of weight
management protocols

Given the negative correlation between the
percentage of body fat mass and the success
of weight management programs, there is a

% fOCUY.
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Overweight prevalence in relation
to breed size
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Top 25 breeds of overweight dogs

Pug

English Bulldog
Beagle

Corgi

American Cocker Spaniel
Australian Shepherd
Cavalier King Charles Spaniel
Miniature Pinscher
Rottweiler
Australian Cattle Dog
Dachshund

Golden Retriever
Labrador Retriever
Basset Hound
American Bulldog
Havanese

Chihuahua

Border Collie
Cock-A-Poo

Pit Bull

Jack Russell Terrier
Bichon Frisé

Rat Terrier

Pomeranian

Lhasa Apso
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Figure 1. Prevalence of overweight body condition

in different dog breeds as seen at Banfield Pet
Hospital. Although overweight prevalence increased
with breed size (a), smaller breeds were the most
commonly affected [b), and Pugs topped the list,
with 64% identified as being overweight.
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Figure 2. A cat (a) and dog [b) with severe obesity, which is defined as having a body condition significantly greater
than 40% above their ideal weight. As a consequence, their body condition is beyond the characteristics defined in the
conventional 9-unit BCS scale.

significant challenge with returning obese pets

to their ideal weight. Some professionals have
claimed that weight management is easy (7), but
this is a misperception, perhaps because many
early studies were often in colonies where the
dogs were young, healthy and often only modestly
(< 20%) overweight, and where owner influence
was absent. Such studies are not typical of pets
with obesity, and more recent research has shown
that even with marked dietary energy restriction
the rate of weight loss is typically less than 1% per
week (8,9). The reasons for this include a more
variable pet population (in terms of age, neuter
status and breed), the fact that pets are often very
severely overweight, and often have comorbidities
(10). However, owner factors, such as the feeding
of table scraps and treats, are also important (9).
This suggests that, in contrast to the findings from
colony studies, achieving weight loss in obese pets
is extremely challenging.

The figures for overall success in dieting schemes
are often disappointing. In one study only 53% of
dogs with obesity enrolled in a 6-month weight
loss program completed the course, and educating
owners about nutrition made little difference (8).
In a second study examining compliance with
weight management (10), 61% of dogs successfully
reached their target weight, whilst in a similar
study in cats with obesity, just 45% reached their
weight goal [11). A key factor associated with
success or failure is the severity of the obesity,

i.e., the greater the body fat mass, the more likely
it is for the animal to fail to complete the program.
Importantly, attrition from a weight program is not
uniform; compliance is usually good in the first

12 weeks, with >80% of animals still enrolled and
averaging over 8% of body weight loss (Figure 3),
but very few will have reached their target weight in
this period and more will discontinue the program
in subsequent weeks.

Evolution of weight loss, rate of weight loss and energy intake during weight loss programs
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Figure 3. Weight loss in dogs is most marked in the first 12 weeks or so after starting a weight management program.
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A further challenge is the fact that many animals
will subsequently regain weight. In recent studies,
48% and 46% of dogs and cats respectively
regained weight after successfully reaching their
target (12,13). This is disappointing and emphasizes
that managing obesity is a lifelong process which
provides a major challenge to pet owners.

So a combination of slow percentage of weight loss,
poor completion rate and risk of subsequent weight
regain underlines the fact that successful weight
management is testing, and that in reality only a
minority of pets on a program will ever reach their
target. However, most concerning is the fact that
few dogs and cats with obesity ever undergo any
sort of weight management at all. It is estimated
that over half of all pet dogs and cats are either
overweight or have obesity (1) yet only 1.4% of
veterinary health records mention the pet’s weight
status (14). Given that so few veterinarians will
formally identify this disease, it is unsurprising that
weight management success is so poor.

Attitudes about obesity

When considering the cause of disease, society tends
to assign “responsibility and blame” - i.e., those
affected are either considered to be victims or
perpetrators. So-called “disease stigma*” occurs
when an individual is blamed for having a particular
condition because of a moral or other failing (15), and
this includes human obesity, with the predominant
societal opinion being that people with the condition
are personally responsible either because they

are lazy, or because they overeat, or both. Recent
research also suggests that such attitudes are used
to justify weight discrimination, despite evidence that
obesity is a complex chronic disease with multiple
risk factors beyond the control of the individual (16).

*https://implicit.harvard.edu/implicit/selectatest.html

“The best strategy when dealing

with a pet with obesity is to modify

our approach, maximizing the benefits
and minimizing the failures, in the hope
of improving the quality of life of as

many animals as possible.”

Alexander J. German

% fOCUY.

cee

(X ]
@] )

This weight stigma is also commonly found in many
healthcare professionals (15), and the issue has
recently been investigated within the veterinary
profession. In one study, veterinarians admitted to
using stigmatizing terms to describe excess weight
in dogs, and reported feeling blame, frustration,
and disgust towards both dogs with obesity and
their owners (17). Veterinarians also expressed the
belief that owners with obesity were responsible for
causing obesity in their dogs, and were pessimistic
about such individuals complying with treatment
recommendations. There is also indirect evidence
of weight stigma in other studies; for example,
most veterinarians believe that “owner-related”
factors are the main reason for development of
obesity in pets (18). These opinions are at odds

with the fact that multiple risk factors have been
identified for companion animal obesity, including
genetic factors.

There is an idea that weight stigma is positive,
because it incentivizes people with obesity to lose
weight - yet evidence actually suggests that it can
negatively influence such individuals by decreasing
their chances of successful weight loss, as well

as affecting their mental health (19). It is tempting
to speculate that weight stigma might affect the
care that dogs and cats with obesity receive. Could
these attitudes be associated with the fact that very
few veterinarians record the terms “overweight”
or “obese” in clinical records (14), and explain

why they are reluctant to hold conversations with
owners about obesity? In the opinion of the author,
until we address the attitudes of veterinarians and
wider society towards obesity - in both pets and
people — we will continue to struggle to manage
this disease effectively.

Where are the solutions?

Rethink weight
management strategies

The author believes that the best strategy is to
modify our approach, maximizing the benefits and
minimizing the failures, in the hope of improving
the quality of life of as many animals as possible.
The first aspect is to consider the goals of weight
loss. Currently, much of the focus is on the
“numbers” - such as the ideal weight and the
percentage or rate of weight loss. Instead, goals
should relate to the benefits that weight loss can
bring, such as improving metabolic health, mobility
and quality of life. Prior to agreeing a weight loss
plan, it helps to have an in-depth conversation with
the owner regarding their concerns and priorities.
For example, an owner may be worried that their
dog has severe osteoarthritis, and their key priority
is to improve its mobility. Here, rather than the
outcome for weight loss being to lose a particular
percentage of body weight, it should arguably

be better mobility and less chronic pain, and the
amount of actual weight lost is simply a path
towards the overall goal.
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Owner compliance and overall success
of weight loss programs
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Figure 4. A bar chart showing owner
compliance and overall success of a
weight management program; compliance
decreases markedly by 5 months after
starting such a program.

Another consideration is knowing when failure in
weight loss programs occurs. As explained above,
compliance is typically very good in the first few
weeks, with a reasonable rate of weight loss,
typically ~1% per week (Figure 3); however, beyond
this time the process becomes more challenging,
with the rate of weight loss slowing and compliance
issues setting in (Figure 4). Therefore, rather

than designing a program to return a pet to its
ideal weight, a standard “time-limited” protocol
may be more useful. This can be likened to the
use of chemotherapy, where a set procedure often
involves standardized doses and timings, and

a defined length of therapy. Outcomes are then
reviewed at this time point, and further treatments
and protocols are recommended accordingly.
Weight loss programs could be approached in a
similar way; 12 weeks is a sensible length for such
a protocol, given that outcomes are best during
this time irrespective of the amount of weight that
the patient must lose, and the primary focus can
be in helping the client to ensure completion. At
this point the outcomes can be appraised, not just
in terms of the weight lost but also by reviewing
the health benefits that have been achieved.
Agreement can then be made as to the next stage;

this might be further weight loss, or a shift to
weight maintenance, where the priority becomes
preventing rebound.

There are many potential benefits of such an
approach. Firstly, greater emphasis can be placed
on factors that matter, especially for the owner,
such as improvements in quality of life, with less
focus on achieving a target weight. Reviewing the
goals that have been agreed before the program
commences [e.g., improved mobility, decreased
use of analgesic medication for concurrent
osteoarthritis) after 12 weeks can then inform the
need for further cycles of weight loss. Secondly,

a pre-defined endpoint gives better certainty for
the owner in terms of what they are committing

to - so although they may find the weight loss
phase difficult, the end is always in sight. Thirdly,

it maximizes the period when weight loss is most
successful (which in turn maximizes compliancel;
and, finally, it recognizes that success is not
determined by reaching a nominal “target weight”
but rather that even modest weight loss can lead to
improved quality of life. In this respect, studies have
demonstrated that a loss in the region of 10% of the
starting weight is possible during a 12-week period
(20), and this is generally associated with notable
improvements in mobility and quality of life.

Focus more on obesity prevention

Given that most dogs and cats never start a
weight management program in the first place,
veterinary professionals should place greater
emphasis on obesity prevention. This has three
main components, namely identifying “at-

risk” individuals before obesity has developed,
proactively monitoring at-risk individuals for life,
and promoting maintenance of a healthy weight
and lifestyle

Identifying “at-risk” individuals
before obesity has developed

Using known risk factors (Box 1) to identify dogs
and cats at risk of obesity enables preventive
measures to be best targeted. Some of the most
significant risk factors are as follows:

e Patterns of growth. In children, future risk of
obesity is associated with certain patterns of
growth, including rapid growth and catch-up
growing, and a similar phenomenon has been
reported in both cats (21) and dogs (22).

e Breed. This is particularly the case where
obesity is more prevalent in certain breeds
due to genetic influences (e.g., Labrador
Retrievers, Golden Retrievers, Pugs]. In cats,
mixed-breed cats (domestic shorthair and
longhair) are at greatest risk, with genetic factors
also being a risk factor for obesity.

o Neutering. Neutering is an important risk factor

in both dogs and cats, probably because
alterations in sex hormones can lead to changed
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behavior, most specifically increased food-
seeking and decreased physical activity.
Because neutering is pre-planned, there should
be no excuse for implementing prevention
strategies afterwards.

Comorbidities. Many other co-existing diseases
can alter energy flux, either by increasing energy
intake or decreasing expenditure, and these can
predispose to inappropriate weight gain.

Food and feeding behavior. There are varying
opinions with respect to the associations
between obesity and food, but arguably the most
consistently identified risk is giving extra food in
the form of table scraps and treats. In addition,
certain feeding behaviors in cats are implicated
as possible risk factors for obesity.

Environment and activity. Animals living indoors
(especially apartments) have a greater risk
of developing obesity than those with outdoor

Box 1. Various risk factors that can predispose to excess
weight gain and obesity in dogs and cats.

Medical effects on energy flux

e Polyphagia associated with hyperadrenocorticism (dog)

e Polyphagia as side effect of drugs, e.g., corticosteroids,
anticonvulsants (dog)

o Neutering (cat, dog)

e Decreased physical activity due to musculoskeletal
disease (cat, dog)

e Decreased basal metabolic rate associated with
hypothyroidism (dog)

Dietary associations

e “Grocery store” foods (dog)

e “Premium” foods [cat)

o Dry food (cat)

o Dietary fat (but not dietary carbohydrate) content (cat]
e Free-choice feeding (cat)

o Ad libitum feeding (dog)

o Number of meals and snacks (dog]

o Table scraps (cat, dog)

o Animal present during food preparation (cat, dog)

Owner factors

o Lower average income (dog)

e Body mass index of owner (dog, cat)

o Not viewing obesity as a disease (dog)

» Not believing that obesity has health risks (dog)
o Lesser interest in preventive health (cat)

Frequency and/or duration of walks (dog)

Less time spent playing with pet (cat)

Over-humanization by owner (dog)

Pet used as human companion substitute (cat)

Close observation of feeding behavior (cat, dog)

A stronger owner-animal bond (cat, dog)

Seeing pet as a baby (dog)

Allowing pet to sleep on bed (dog)

n fOCUY.

access. Cats living either with dogs or with one
or two other cats are also predisposed to
becoming obese.

o Owner factors. A number of owner factors have
also been implicated in the development of
obesity in dogs and cats.

Proactively monitoring at-risk individuals for life

The above factors should enable a veterinary
professional to determine an individual's risk of
obesity and allow best targeting of prevention
strategies, and these should be implemented
before the disease has developed (e.g., at or before
12 weeks of age), and continued for life.

A key strategy is to monitor bodyweight from the
time of initial vaccinations, throughout the growth
phase and into adulthood. Although BCS is a useful
means of determining weight status in adult dogs,
existing methods have not been properly validated
in growing animals. Instead, monitoring of
bodyweight, facilitated by the use of growth charts
(23], can be useful. Evidence-based growth charts
have recently been developed for puppies (https://
www.waltham.com/resources/puppy-growth-
charts), and their use can allow rapid identification
of abnormal patterns of growth, not least those
that are associated with the risk of obesity (24].
Puppies should be weighed monthly until 6 months
of age and then at least every 3 months until they
reach adult weight. This maximizes the likelihood
of a puppy reaching skeletal maturity in ideal body
condition, and at this point the BCS can be used to
confirm optimal condition, with the weight recorded
in the patient’s health records as its “healthy
weight”. The aim from then on is to ensure that this
is maintained (to within +5%) for the rest of the
pet’s adult life. Ideally, animals should be weighed
every 6 months, and no less frequently than once a
year (i.e., at annual vaccination), but with more
frequently weight checks introduced during the
senior phase of life, for example every 3 months.
Ideally, animals should attend the veterinary
practice for weighing, since the same set of
calibrated electronic scales can be used; in
addition, body condition can be assessed, and any
other minor health concerns addressed. However,
where this is difficult (for example, with nervous
cats), home weight checks can be employed
coupled with phone consultations, with owners
either using bathroom scales or luggage scales
(e.g., weighing the cat in its transport box).
However determined, the current weight should be
compared against the pet’s healthy weight, and
where a deviation of 5% or more is flagged,
strategies can be implemented to help restore

the healthy weight.

Promoting maintenance
of a healthy weight and lifestyle

Various strategies can be used to prevent obesity

in at-risk individuals, which broadly involve either
controlling energy intake or increasing energy use.
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Figure 5. Measuring cups are often utilized by
owners to measure their pet’s food, but although
quick and easy to use, they lead to variable
portion sizes and predispose to overfeeding.

e Controlling energy intake. This centers around
the main meal offered. A nutritionally complete
and balanced food should be fed, appropriate
for the life stage of the animal. The choice is
a matter for discussion between owner and
veterinary professional, and the clinician is
directed towards various reputable textbooks
for further detail. Many pets exhibit strong
food-seeking behaviors which owners often find
difficult to refuse. In such cases, using foods
with increased amounts of protein and fiber
will improve satiety, thereby reducing voluntary
food intake and food-seeking behaviors. Other
strategies include decreasing the energy density
of food by expanding its volume, either by adding
water (or switching to a wet food if cost effective)
or expanding a kibbled food with air. Finally,

choosing a kibbled diet with a shape that requires

more chewing will help slow food intake.

Whatever diet is selected, it is important to feed
the correct amount, which will vary according to
the food and life stage. This can be determined
by calculating the pet’'s maintenance energy
requirements, or from the manufacturer’s
guidelines, adjusted to individual circumstances
(e.g., body weight, breed, sex, neuter status,
activity level). The daily amount should be
measured out accurately (see below) and fed

for two weeks before reviewing. If weight has
been lost in this time, food intake should be
increased by 10%, or decreased by 10% if weight
has been gained. Further cycles of weighing and
adjustment should be continued until the body
weight is stable. Thereafter, continue to weigh
the animal at regular intervals to ensure that its
weight remains on track.

Accurate portion size measurement. Food
portions must be measured out as precisely and
accurately as possible, especially with dry diets,
as their energy density means that even small
over-estimates can mean significant overfeeding.
Measuring cups to estimate the amount fed are

© Shutterstock

simple but unreliable, leading to variable portion
allocations and predisposing to overfeeding (9], so
electronic scales are to be preferred (Figure 5).
Accurate portion measurement should become
easier in future with the development of “smart
bowls” and computer-controlled food hoppers,
which will automatically measure out the correct
daily portion. Some devices may also monitor food
consumption throughout the day, enabling owners
to chart patterns of food intake and making it
easier to spot disruptions which might indicate a
health issue (Figure 6).

o Responsible feeding of additional food items.
Although there is an association between the
development of obesity and the feeding of
additional food items such as table scraps and
treats, owners are often unaware as to how much
additional energy these food items contribute to
their pet’s daily intake, so a prevention program
should include control over this. If dry food is fed,
part of the daily ration can be reserved and used
as treats. If other food is involved, the amount
should be limited to a maximum of 10% of the
total daily calorie ration, with the main meal
portion reduced accordingly.

Method and pattern of feeding. Most dog
owners, and many cat owners, feed their pet

1-2 meals per day from a bowl, but this allows
for rapid consumption and consequently many
hours without food, which can lead to hunger
and increased food-seeking behavior. Some

cat owners leave (usually dry) food out all day,
either as an alternative to, or in addition to, meal
feeding, but this is a known risk factor for the
development of obesity. Veterinary professionals
should recommend the use of puzzle feeders or
modified feeding bowls which slow food intake;

Figure 6. Electronic food hoppers which
automatically measure out the correct daily
portion can help with weight control, and some
devices can also monitor food consumption
throughout the day, allowing an owner to chart
their pet's feeding pattern.
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this can reduce the risk of over-eating

(since the physiological “satiety signals” from the
gastrointestinal tract take time to be released),
and makes the feeding period last longer and
more enjoyable for the pet.

¢ Increasing energy expenditure. Part of any
prevention program will usually involve a review
of physical activity levels, but in fact this only
moderately affects an animal’s overall energy
expenditure. On average, walking an extra
1000 steps only increases energy expenditure
by approximately 1 kcal per kg®’, although
there are other benefits, such as improving
cardiovascular and musculoskeletal fitness and
strengthening the owner-pet bond. The exact
amount of physical activity should be tailored to
the individual, and must take into account any
concurrent medical concerns. For dogs, at least
one daily walk of 30 minutes is recommended,
but longer and more frequent is better, and extra
play sessions can also be beneficial.
If possible and safe to do so, allowing a cat
access to outdoors is recommended, and they
will also benefit from short play sessions,
typically 1-2 minutes at a time at least twice daily.

Have better
obesity conversations

Many veterinary professionals are reluctant to

hold conversations about obesity with pet owners,
possibly because it is a highly stigmatized condition.
It is therefore important to tackle the issue of
weight stigma within the profession and, in so doing,
improve communication regarding obesity. Because

“In one study, veterinarians admitted
to using stigmatizing terms to describe
excess weight in dogs, and reported
feeling blame, frustration, and disgust
towards both dogs with obesity and
their owners.”

Alexander J. German
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weight stigma can be unconscious, a veterinarian
may approach a case without being aware of the
effect that this bias can have on the outcome, and it
may be useful for clinic personnel to quickly check
their own implicit weight bias (25). This may help
with obesity management, for example by enabling
the clinician to actively adjust both the advice they
give to owners of pets with obesity and the way
they communicate with them to ensure that their
clinical recommendations are consistent. Indeed,

a key aspect of addressing weight stigma is to
focus on better communication with owners whose
pets have obesity. Appropriate training is vital for
such situations, and all conversations should be
supportive and non-judgmental, using empathic
non-stigmatizing terms. Care should be taken not
to assign (or appear to assign) blame to the owner,
as this is likely to be counterproductive, and “toxic”
terms such as “obese” and “fat” must be avoided,
since owners can find them uncomfortable and
might be offended, which will do little to encourage
them to address the issue. A “patient-first language”
is recommended in human medicine, and a similar
strategy can be used for pet obesity, so the choice
of words is all-important. As the name suggests,
the clinician should ensure that the patient comes
first in the conversation, and should not refer to it
as “being obese” or use phrases such as “an obese
dog” or saying a dog “is obese”. One would not refer
to a “cancerous dog” or say a dog “is cancer” so

it is better to refer to a pet “with obesity” or say

a pet “has obesity”. Although this change might
appear to be trivial, this phraseology avoids
labelling the patient.

Nonetheless, it can be tricky to find a way of
introducing the topic during a consultation, not least
if the owner has brought their pet for another reason
(e.g., an unrelated illness or a routine vaccination).
One strategy is to “talk about something else”,
perhaps broaching the subject in terms of changes
in weight and body condition. For example, if the
clinic regularly records body weight (as discussed
above in terms of obesity prevention), deviations
from the animal’s “healthy adult weight” can be
highlighted to the owner rather than discussing
“obesity” - and again the choice of words is
significant. Another strategy would be to use body
condition (especially if BCS charts are displayed in
the consult room) with the owner invited to assess
their dog, along with guidance from the veterinarian.
Talking about something else enables weight
management to be discussed without ever using
the term “obesity”, even though both owner and
professional will know that this is the issue at stake.

However, it is raised, and prior to discussing the
topic in terms of causes and solutions, it is sensible
to consider first asking permission to ascertain
that the owner is comfortable discussing the topic
(e.g., “We have identified that Fluffy is currently above
a healthy weight. Would you be comfortable with

us discussing this and what we can do to help?”).
Such a strategy emphasizes that the owneris in
control and can facilitate acceptance of a weight
management plan.
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Classifying obesity
as a disease

There have been recent moves to classify obesity
as a disease, not least because it fits the formal
definitions of disease (26). Although some argue
that obesity is a normal physiological response

to excess energy intake (7], there is significant
scientific evidence to suggest that it is actually a
pathological process, with over 20 national and
international veterinary organizations supporting
such a formal categorization. Classifying obesity
as a disease may have a positive effect on how
veterinary professionals manage pets with obesity
- for example, when discussing causes of obesity,
rather than only focusing on owner factors, the
complexity of the disease pathogenesis can be
emphasized, including other aspects such as
genetic factors. This makes it easier for the
clinician to be non-judgmental in their discussions
with the client, thereby gaining their trust and
increasing the chances that they will be receptive

to weight management advice.
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CALCIUM AND
PHOSPHORUS - GETTING
THE BALANCE RIGHT

It is critical to ensure that a puppy Is neither over- nor
under-supplied with certain nutrients and minerals
during the growth phase, but this can be more difficult
than it first appears, as discussed in this paper.

KEY POINTS

Regular weighing
and comparison with

Calcium and Excess protein intake

An adequate supply of

calcium and phosphorus
(both absolute and relative
to each other) is crucial to
ensure a dog’s healthy
skeletal development.

recommended growth
curves is the gold standard
to monitor optimal energy
supply in puppies, as body

condition scoring is not

phosphorus
requirements for growing
dogs depend on the
expected mature body
weight and age of the
individual.

in puppies does not
cause problems, but
energy supply should be
restricted to ensure optimal
growth rates and to help
avoid developmental

suitable.

orthopedic disease.

an animal being acutely overweight (i.e., a growth
rate that is faster than recommended), which places
an additional burden on the growing skeleton (1).
Even with some orthopedic disorders that have a
hereditary basis, for example hip dysplasia

(Figure 1), energy restriction at the puppy stage can
reduce the prevalence of these conditions (2). It is
now known that a puppy which grows rapidly due to
excess energy intake has a much greater risk of
being overweight or obese in adulthood (3). Several
factors, such as breed, activity level, housing and
health status, will influence daily energy
requirements, so the required correct calorie level
can therefore vary considerably between individuals.
In adult dogs, the recommended way to monitor if
excess or insufficient energy is being supplied is to
use body condition scoring (BCSJ; identifying an adult
dog with a high BCS and excess body fat will indicate
that the animal’s diet has a disproportionately high
energy content. This is not the case during the puppy
stage, where a high-calorie diet can lead to an
increased growth rate, and the dog can be overweight
without having additional fat deposits. In fact, such
puppies may even appear thin and undernourished,
yet still weigh too much. The littermates in Figure 2
impressively demonstrate the impact of energy
supply during growth: both dogs have the same body

veterinary;
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Developmental orthopedic diseases (DODs) such as
osteochondroses, joint dysplasia, osteodystrophy or
bone deformities are frequently seen in dogs, with
fast-growing large and giant breeds being at
particular risk. The maturation phase is a major life
stage for all species, but is of critical importance in
fast-growing young animals that have significant
skeletal vulnerability during this period, and dogs
come into this category. Feeding a balanced diet that
provides adequate amounts of energy and nutrients
is the basis for a healthy musculoskeletal system, as
deficiencies can exacerbate some conditions that are
not primarily nutrition-related. Signs of DOD can vary
from mild and transient lameness through to severe
movement disorders, and can also involve painful
deviation of one or more limbs and swelling of the
joints. Malnutrition in the first few months of life can
lead to lifelong impairment of an animal ‘s health.

© How much is too much?
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A major problem when feeding a growing puppy is to
determine the optimal amount of energy required
for that individual. Excessive energy intake leads to
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condition score, but the animal on the left,
which received a higher energy intake from

the age of 8 weeks onwards, is clearly larger yet
still lean in appearance.

An increased growth rate and the extra weight

this brings represent additional stress for the
developing skeleton, so the gold standard for
determining an optimal growth rate is to monitor

a puppy’s body weight through regular weighing
(e.g., weekly) and compare with a growth chart (4).
Optimal growth curves will differ depending on the
anticipated ideal weight of the adult dog, therefore it
is crucial to estimate this as accurately as possible.

Figure 1. A radiograph showing severe bilateral
hip dysplasia in a 14-month-old Hovawart.
Although many orthopedic problems in young
dogs have a hereditary basis, restricting energy
intake at the puppy stage has been shown to
reduce the incidence of such conditions.
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It is important to note that on-pack pet food
recommendations for daily energy allowances can
be rather high, and in addition calculating the calorie
requirements using the 2006 equation from the US
National Research Council (NRC] (5] will tend to give
an overestimate. Recent studies have demonstrated
significantly lower energy requirements in both
growing colony dogs and household puppies (4,6)
and the latest updated recommendations take this
into account'. The average daily energy requirement
(metabolizable energy, ME] for growing dogs can be
estimated as follows (4):

actual BW

——————————xactual BW®7™
expected mature BW

ME intake [MJ] = 1.063-0.565 x

Dietary calcium
and phosphorus

The two major constituents of bone, calcium

and phosphorus, are linked by a functional and
regulatory relationship, and are best considered
together. The absolute requirements of both
minerals, as well as the ratio (the recommended
range is between 1:1 and 2:1), should be carefully
calculated, as an excess or a deficiency of one or
both minerals during the developmental phase can
be a major factor in terms of nutritionally induced
DODs. In retrospective evaluations of cases seen
by the authors at Ludwig-Maximilian University,
the majority of growing dogs with signs of DOD
were found to have either an excessive or deficient
intake of calcium and/or phosphorus, although
interestingly the distribution has changed over the
years. The first survey (in 1998) revealed that 61%
of affected puppies had experienced a calcium
excess and only 20% had a deficient intake of this

'https://fediaf.org/self-regulation/nutrition.html
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Figure 2. Two growing Foxhound-crossbred
littermates; the male dog (right) had been fed
with a dietary energy supply to allow for growth
according to the recommended growth curve, whilst
the female (left) was given a diet that had excess
energy levels. The BCS in both cases was 5/9.

element (1). A second survey in 2018 showed that
the majority of DOD patients (58%) were fed a

diet deficient in calcium, with only 21% of cases
receiving excessive amounts of calcium prior to the
orthopedic diagnosis (7).

It can be questioned as to why poor nutrition is
such an issue for canine growth when it is much
less of a problem in humans? One explanation
is that in contrast to humans, maturation occurs
much earlier in dogs, with almost the entire
growth phase being realized within a single year.

“A number of factors, such as breed,
activity level, housing and health
status, influences daily energy
requirements, so the required correct
calorie level can therefore vary

considerably between individuals.”

Britta Dobenecker
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Consequently, even limited periods of inadequate
nutrient supply pose a disproportionately greater
risk for puppies than for children and teenagers.
But another difference between dogs and other
species such as humans must be taken into
account: adaptive mechanisms to compensate for
low or excessive calcium and phosphorus supply
are virtually non-existent in the canine species (8].
Rather than intestinal absorption of both minerals
being the major regulatory pathway, the skeletal
system is employed to store and mobilize calcium
and phosphorus as necessary (9,10). Viewed from
the idea that the canine species evolved as a
predator, this makes perfect sense: either there
was prey available, supplying abundant energy
and minerals, or both energy and minerals were
scarce, so that energy-dependent up-regulation of
intestinal absorption was not feasible. This bone-
based regulation is one factor in the development
of clinical signs linked to calcium and phosphorus
malnutrition in growing and adult dogs.

Deficient calcium intake during the growth

phase can cause secondary nutritional
hyperparathyroidism, with reduced overall bone
formation resulting in various clinical signs,
including pathological fractures from normal
physical exertion (11). In this context it is important
to note that an increased fecal dry matter excretion
(due either to a low dietary digestibility or a high
food intake) also increases the fecal losses of
calcium and phosphorus (12-14) and therefore
increases the daily requirements for the minerals.
As noted above, there is a considerable and
increasing number of puppies diagnosed with DOD
that are fed a calcium deficient diet. However,
calcium excess receives more attention in the
literature: several publications report that DOD can
be caused experimentally in growing Great Danes
by feeding excess dietary calcium (15,16) - although
in most of these trials only the calcium supply was
increased above the recommended intake; this led
to reduced utilization of other elements crucial to
skeletal development, such as phosphorus, zinc and
copper. Consequently, such DODs may be caused, or
at least be aggravated by, a secondary deficiency of
these minerals, and in particular phosphorus (17].
This tallies with the results of a study that examined
the effects of excess dietary calcium when surplus
phosphorus was also provided (to allow for a
reduced digestibility of this element] in medium
and large dog breeds, with no clinical signs of DOD
being noted (18). On the contrary, a low phosphorus
intake has been shown to have substantial (but
reversible) adverse effects on skeletal health (19,20)
(Figure 3) and other developmental disorders
described in various case reports may also be
linked to dietary phosphorus deficiency (21,22). Itis
also worth noting that, although supplying dietary
protein at levels above the recommended daily
allowance is often suspected to have a detrimental
impact on skeletal development, this can be
classified as a myth. Studies have demonstrated
that the level of protein fed to growing dogs has no
effect on their skeletal development (23,24).
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Figure 3. A Foxhound-crossbred puppy after

6.5 weeks of low dietary phosphorus intake with
bowed legs and splayed paws. The abnormalities
were painless and completely reversible after a
couple of weeks of adequate phosphorus supply.

® How are daily nutrient

requirements calculated?

When recommending daily allowances which will
meet the requirements of the majority of the
population, the basic approach is to determine the
net requirements of each nutrient at various life
stages, along with how bioavailability varies
depending on the nutrient source. There are several
ways to estimate these requirements. Experiments
to study the dose-effect relationship of a particular
nutrient can elucidate what happens with
insufficient, adequate and excessive supply, but such
trials need to be highly standardized, with careful
selection of suitable target parameters to assess the
effect of the nutrient being studied. For calcium and
phosphorus, defining the parameters is rather
difficult. On the one hand, there may be a prolonged
latency period between onset of malnutrition and
the appearance of specific clinical signs. The
homeostasis of calcium and phosphorus is tightly
controlled, so serum concentrations are maintained
for a long time, even during severe deficiency. On
the other hand, factors such as the ratio of dietary
calcium to phosphorus, energy intake, growth rate
and any genetic predisposition to skeletal disease
are known to exacerbate the clinical signs. The
calcium and phosphorus requirements for growing
dogs, as defined by the NRC (5), are based on
research using large and giant breeds and mainly
in puppies younger than 6 months of age, with the
trial data then extrapolated to cover the entire
growth period of dogs of all sizes. The aim was to
“meet or exceed” the requirement of all growing
dogs, so it made sense to deduce the
recommendations from the group with the highest
requirement, i.e., young giant breed puppies.
However, this method does not take into account
individual differences, and the critical period of

maximum growth intensity differs in duration
between small and large breeds of dog. While large
and giant breeds grow up to 12-15 months of age,
small breeds may have reached their final
bodyweight by 7-8 months, so extrapolation of data
is likely to overestimate the requirement of small
breeds. In addition, deducing the requirement with
data from the early growth period will overestimate
the requirement for the later period of growth,
where daily gains have slowed.

Nutritional calculations

Another approach for determining the optimal
daily supply of a nutrient is to perform a factorial
calculation, which summates the required amounts
for maintenance and performance. The advantage
with this method is that it takes into account the
precise individual requirements for a selected life
stage, and it has been used successfully with farm
animals, for example to determine the optimal
rations for milk production in dairy cattle and for
fattening pigs. In growing dogs, the factors to be
determined are the tissue gain during growth and
the maintenance requirement for the current body
weight (25]). The maintenance requirement is the
amount of a nutrient needed to compensate for
inevitable endogenous losses from feces, urine,
sweat, skin, fur, etc.; when the endogenous losses
are quantified, this gives the “net maintenance
requirement” of a nutrient. However, because

not 100% of the ingested amount of a nutrient

are taken up by the body, the actual availability
needs to be taken into account in order to obtain
the “gross maintenance requirement” or feeding
recommendation (26).

—_ \ 74
“The calcium and phosphorus
requirements for growing dogs are
based on research using large and
giant breeds and mainly in puppies
younger than 6 months of age, with the
data generated from those trials being
extrapolated to cover the complete
growth period of dogs of all size
groups.”

Linda Boswald



Table 1. Requirement for calcium and phosphorus for
growing dogs relative to metabolic body weight (kg®”)
(adapted from 26).

Mature body

weight (kg) 19 - _

Cu[‘rNr:ZIt( Sa]ge Calcium (mg/kg®™)
9 550 - -
13 436 634 776
17 361 512 610
22 339 479 565
2 335 466 542
31 316 4hk 519
35 251 350 405
39 217 300 348
" 213 294 342
48 193 266 306
52 187 258 296

Cu(‘rNr::It( sa]ge Phosphorus (mg/kg"”)
9 352 - -
13 197 291 362
17 158 225 269
22 151 213 251
2 152 210 244
P 141 196 221
35 124 172 197
39 121 166 190
" 125 171 196
48 16 158 180
52 14 155 177

The equation is as follows:

Feeding recommendation  _ e 100
for maintenance availability [%]

(where e = the endogenous losses)

Obviously, the overall feeding recommendation is
strongly influenced by the availability of a nutrient;
if the average availability is reduced by half,

the feeding recommendation doubles. Mineral
availability differs between sources and overall diet
composition, so to ensure adequate intake levels a
safety margin is built into the average availability.

Tissue gain during growth requires an additional
nutrient allowance to be factored into the equation,
as follows;

Net requirement  _ average nutrient concentration
for growth ~  dailygain in gained tissue

4 fOCUY.,

Box 1. Calculating the required calcium (Ca) and
phosphorus [P) levels for “Max”, a 22-week-old German
Shepherd puppy with a current body weight of 20 kg and
an estimated adult body weight of 35 kg.

For Max at 22 weeks and with a predicted mature
body weight of 35 kg, table one provides a daily
recommendation of 479 mg Ca/kg®” and 213 mg
P/kg®7. Using his current weight of 20 kg, the
absolute calcium and phosphorus requirements
are calculated as follows:

o Recommended daily Ca intake: 479 mg x 20%7° kg
=479 mg x 9.46 kg = 4,530 mg lor 4.5 g)

e Recommended daily P intake: 213 mg x 20°%7 kg
=213 mg x 9.46 kg = 2,014 mg (or 2.0 g)

If using a commercial dry diet, it is essential

to check whether the calcium and phosphorus
content of the chosen diet is adequate for the
puppy at his current growth period. Assuming a
daily energy requirement of 7.0 MJ ME (1,673 kcal)
(4), the required mineral content in the diet can be
calculated as follows:

e Calcium content 4.5 g/7 MJ ME = 0.64 g Ca per
MJ ME (2.69 g Ca/1000 kcal ME)

o Phosphorus content 2.0 g/7 MJ ME = 0.29 g P per
MJ ME (1.20 g P/1000 kcal ME)

The owner has chosen a balanced, complete dry diet
for growing large breed dogs which contains 1.6 MJ
ME (382 kcal) per 100 g, 1.1% calcium and 0.7%
phosphorus, with a Ca:P ratio of 1.6:1. The first step
is to calculate the daily amount of the diet that will
provide the ME requirement for Max, as follows;

e 7MJME/1.6 MJME x 100 g =438 g

The calcium and phosphorus supplied with this
amount of diet then needs to be compared to the
requirement. This can be calculated either relative to
the dietary ME content (i), or as absolute values for
the individual dog (ii).

(i) Relative to ME, the mineral content is calculated

as follows:

e 1.1gCaper100g->1.1gCa/1.6 MJ ME =
0.68 g Ca/MJ ME (2.88 g Ca/1000 kcal ME]

e 0.7gPper100g—>0.7g P per 1.6 MJ ME =
0.43 g P/MJ ME (1.83 g P/1000 kcal ME)

So the diet in this example meets the required levels
of calcium and phosphorus per MJ ME (as calculated
in step 2).

(i) Alternatively, the absolute dietary supply with
both minerals can be calculated as follows:
e 1.1% Ca in 438 g diet > 1.1 x 438/100 =
4.818 g calcium supplied with this amount
e 0.7% P in 438 g diet = 0.7 x 438/100 =
3.066 g phosphorus supplied with this amount

The values should be compared to the absolute
requirement for Max (as calculated in step 1) and
can be seen to be met in this case.

For the feeding routine, the daily ration can be weighed
out and kept in a small container; this means that should
the owner want to give Max treats for training, kibble
from the measured portion can be used without the risk
of additional energy supply [Figure 4).
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So the feeding recommendation for growth can be
calculated from this, as follows:

(e + net requirement for growth)
availability [%]

x 100

The canine species shows a uniquely high variation
in body size and weight, so to generate the growth
curve for an individual puppy it is important to have a
good estimate of its future adult body weight (based
on the ideal weight of the same-sex parent or, if this
is not available, mean weight according to breed
standard). There are also differences in growth rate
between small, medium, large and giant breeds, so
it is necessary to categorize dogs on their adult
body weight to better define recommendations for
calcium and phosphorus supply. In addition, since
growth is not a linear process, using age groups
allows further differentiation for the
recommendations. The percentage requirement for
tissue gain is highest during early growth; this then
declines as the dog approaches its adult body weight
and the maintenance requirement accounts for most
of the total energy and nutrient requirements. The
factorial calculation for calcium and phosphorus
needs to take both aspects into consideration.

There are different ways to express feeding
recommendations. The NRC supplies the values in
relation to metabolizable energy (ME). The absolute
value calculated using this reference depends on
the energy requirement, which may differ
considerably from the average for an individual
case. It can be predicted, for example, that a
Newfoundland puppy will have a lower ME
requirement than a Great Dane puppy of the same
age and body weight due to differences in
temperament and activity. As an alternative to the
reference ME, it is possible to relate the
recommended daily intake to metabolic body weight
(kg®7). This has the advantage of calculating the
exact requirements - and hence enabling a
precisely balanced diet - for an individual dog, but it
does not directly inform about the required nutrient
content in a diet. This needs to be calculated for
each case using the individual ME requirement.

© Shutterstock

© B. Dobenecker

Figure 4. To help Max with his training, the owner
should reward him with kibble taken from his
calculated daily allowance.

Figure 5. There are a bewildering number of
multivitamin and mineral supplements available,
and the veterinarian should guide the owners to
select a product appropriate to their dog’s needs.

Table 2. A potential homemade diet formulated to meet the requirement of a 22-week-old German Shepherd puppy currently
weighing 20 kg and with an estimated mature bodyweight of 35 kg.

Feed item Amount [g/d] Energy [MJ ME] Ca [mg] P [mg]
Beef 600 4.8 24 1188
Cooked potatoes 250 0.5 15 115
Vegetables 100 0.2 34 30
Fruit 100 0.2 " 16
Plant oil 15 0.5 0 0
Fish oil 5 0.2 0 0
Dried tripe as chew 30 0.6 27 54
Supplement 20 0 4500 2100
Total in ration 7.0 4611 3503
Recommended intake 7.0 4530 2014
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The calcium and phosphorus recommendations
for various ages and mature body weight groups
required for the calculations are given in Table 1,
and a worked example for a young puppy fed a
commercial diet can help explain the different
steps (Box 1).

Should an owner wish to feed a homemade diet, it
must be appreciated that most recipes need to be
supplemented with minerals and vitamins to meet
the daily requirements, and because there are
various supplements available, the nutrient supply
from all components of the diet must be added
together and compared to the requirement to allow
selection of a suitable product (Figure 5). An
example of a homemade ration is shown in Table 2,
from which it can be seen that 20 g of a mineral
supplement which contains 22.5% calcium and

l CONCLUSION

10.5% phosphorus will meet the daily
recommended allowance for these minerals.
Note also that the dietary Ca/P ratio at 1.3/1 is

in

the ideal range (recommended range 1/1-2/1).

However, in order to meet the requirements,
the amount of daily supplement offered must
be increased if the nutrient concentration is lower,
or decreased if the nutrient supply is higher.
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