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Summary of Contents
CHAPTER 1: OBESITY: HOW TO MAKE WEIGHT LOSS HAPPEN IN THE DOG AND CAT
Sharon A. Center
Pages 9-20
Summary.

Obesity is the most common nutrition-related health problem in companion animals in North America.
Studies have estimated incidence of overweight and obesity in cats to range between 19 and 40% and in
dogs to range between 24 and 30%. Selection of diets with a low caloric density, avoidance of high-fat diets,
and use of set meal times (avoiding free-choice feeding of maintenance dry foods), are useful considerations
in weight loss programs. In addition, as much exercise as is reasonably possible and appropriate for the
patient’s health status should be encouraged.

Findings.

• Obesity exists when body mass exceeds 120% of ideal body weight
• Obesity can be estimated by
- Relative percentage of ideal body weight
- Body condition scoring
- Morphometric measurements
• Organized approach to weight loss
- Client commitment essential
- Baseline assessments of weight and body condition
- Diet history
- Verify current energy intake
- Detailed medical history and evaluation
■
Weight gain timeframe
■
Patient’s acceptance and response to previous diet modifications
■
Medications
■
Baseline laboratory tests — CBC, chemistry profile, and urinalysis
• Reducing strategies
- Specialized reducing formulas — low energy, normal or higher than normal protein
- Introduce diet gradually over 6–10 days
- Feed in several small meals rather than one large meal or ad libitum
- Restrict energy to 60% of daily requirement
- Safe rate of weight loss is 1.0 to 1.25% of body weight/week
- Reasonable maximum goal is 20–25% body weight reduction over 18 weeks
- Snacks must have their caloric contributions calculated into daily energy allowance
- Human behavior may need to be modified
- Exercise is recommended
- Energy intake may need to be titrated for optimal rate of weight loss
• Recheck appointments
- Every 2 weeks until appropriate energy intake is identified
- Then every 4 weeks until desired weight achieved
• Weight control after weight loss
- Use maintenance diet for pet’s life stage and control quantities
- Modification of sedentary lifestyle and continued exercise recommended

Application.

An organized approach to weight loss and owner understanding and participation can greatly improve the
likelihood of success. Using a diet formulated to be low in fat and with normal levels of protein, such as
Eukanuba Veterinary Diets® Restricted Calorie™ or Optimum Weight Control™ formulas, can help conserve
lean body mass during weight loss. After weight loss, maintenance of healthy body weight can be achieved
by controlling amount fed and using a diet formulated for the proper life stage.
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CHAPTER 2: THE LINK BETWEEN OBESITY AND DIABETES IN CATS AND DOGS
Jacquie S. Rand, Delisa Appleton, Linda M. Fleeman, and Heidi Farrow
Pages 21-31
Summary.

Obesity is a major risk factor for the development of diabetes mellitus in dogs and cats. Obese dogs and
cats become resistant to insulin-stimulated glucose uptake and utilization. The major mechanism by
which obesity causes insulin resistance is currently unknown, although a number of factors have been
identified. Dietary management can play an important role in preventing and managing obesity-related
insulin resistance.

Findings.

• Insulin sensitivity and glucose effectiveness is reduced in obese dogs and cats
• Insulin resistance leads to pancreatic beta cell failure in cats
- Carnivorous animals such as the cat may be genetically predisposed to insulin resistance
• Pancreatitis may cause diabetes in about one-third of diabetic dogs
- Obesity is a risk factor for canine pancreatitis
• Possible molecular mechanisms for insulin resistance in obesity include
- Resistin
■
Secreted by adipocytes
■
Induced by increasing fat cell formation
■
Appears to antagonize insulin-stimulated glucose uptake
- GLUT4
■
Responsible for facilitating glucose uptake into adipocytes and muscle cells
■
In obesity, expression is reduced in adipocytes but not muscle cells
■
Decreased GLUT4 appears to be an important risk factor
- Leptin
■
Synthesized by adipocytes
■
Secretion increased with obesity, proportional with body fat
■
May impair insulin action
■
May directly affect insulin secretion
• Dietary manipulations may affect obesity and insulin resistance by
- Decreasing hyperinsulinemia
- Improving insulin sensitivity
- Decreasing obesity
• And include
- High-protein, moderate-carbohydrate diets (in cats)
- Source, amount, and processing of carbohydrates
- Vitamin A and carnitine supplementation
- Inclusion of fermentable dietary fiber

Application.

Obesity promotes insulin resistance, which can lead to the development of diabetes mellitus in cats.
Obesity also increases the risk of diabetes mellitus in dogs. Dietary manipulations including appropriate
carbohydrate choice and the addition of vitamin A, l-carnitine and fermentable fiber, such as found in
Eukanuba Veterinary Diets® Restricted Calorie™ and Optimum Weight Control™ formulas, may help
reduce obesity and insulin resistance.
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CHAPTER 3: THE EFFECT OF WEIGHT REDUCTION
IN OVERWEIGHT DOGS WITH HIP OSTEOARTHRITIS
Joseph A. Impellizeri, Mark A. Tetrick, and Peter Muir
Pages 32-36
Summary.

An observable improvement in lameness can be achieved with weight loss in overweight dogs .

Findings.

• When 9 client-owned dogs, at least 10% over ideal weight, with hip osteoarthritis were fed a diet
(Eukanuba Veterinary Diets® Restricted-Calorie™/Canine) providing 60% of maintenance calories
for 10 to 19 weeks
- Weight loss ranged from 11 to 18%
- Body condition improved significantly
- Numerical rating of lameness improved significantly
- Visual assessment scores for lameness improved by 76%

Application.

Weight loss can influence lameness severity. A satisfactory rate of weight loss was achieved in the dogs
of this report using Eukanuba Veterinary Diets® Restricted-Calorie™/Canine fed at 60% of maintenance
calories for current body weight.
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CHAPTER 4: IMPLICATIONS FOR STARCH IN THE MANAGEMENT OF GLUCOSE METABOLISM
Guy F. Bouchard and Gregory D. Sunvold
Pages 37-41
Summary.

One of the primary concerns with overweight pets is their abnormal glucose metabolism. Dogs and cats
with impaired glucose control have difficulty in storing blood glucose, and blood glucose levels remain
higher for longer periods of time than in normal individuals. A number of other conditions or life stages,
such as diabetes, gestation, and aging, can impair the postprandial glucose response.
Starch sources that elicit low postprandial glycemic responses are beneficial for dogs and cats with glucose
control problems. In dogs, these sources are barley and sorghum; in cats, they are barley, corn, and sorghum.

Findings.

• Obesity and poor glucose metabolism are strongly associated in dogs and cats
• Dogs and cats with impaired glucose control have difficulty in storing blood glucose, and blood
glucose levels remain higher for longer periods of time than in normal individuals
• The source of starch affects the glycemic response in a clinically relevant manner
• Glycemic responses were measured after consuming a single meal of an experimental diet. All of the
starch in the experimental diet came from a single cereal grain source. The starch sources compared
were rice, wheat, corn, barley, and sorghum.
• DOGS
- Rice increased blood glucose levels (20 – 180 minutes postprandial), blood glucose postprandial
peak, and blood glucose area under the curve (AUC) compared with other starch sources
- Sorghum consistently resulted in lower postprandial blood glucose levels than the other starch
sources between 20 and 60 minutes, and also resulted in the lowest average blood glucose and
blood glucose AUC
- Rice increased blood insulin levels at the 45- and 60-minute time points over all other starch
sources, and also resulted in a higher average blood insulin level, blood insulin peak, and AUC
for insulin
- Barley resulted in the lowest blood insulin levels from 20 minutes to 240 minutes and the lowest
response in average blood insulin and insulin AUC
- Corn and wheat were generally intermediate for most response criteria
• CATS
- A striking difference between cats and other monogastrics species (dogs and humans) is the
long postprandial period of blood glucose and insulin elevation
■
In cats, the glycemic response lasts 18 hours postprandial before the blood glucose and
insulin levels return to baseline levels
- All starch sources had similar blood glucose values at baseline and 18 hours postprandial
- Rice and sorghum resulted in a rapid blood glucose elevation and time to blood glucose peak,
compared with the other starch sources
- Blood glucose levels after feeding rice declined rapidly after the peak, while values after
feeding sorghum declined much more gradually
- Wheat and barley resulted in a sustained postprandial blood glucose increase and a delayed
blood glucose peak, but a rapid decline after the peak
- Corn had an intermediate blood glucose response, compared with the other starch sources
- Rice, followed by wheat, resulted in a higher blood insulin response within the first six hours
of the challenge
- Barley, corn, and sorghum did not result in a different blood insulin response for all insulin
variables measured

Application.

Diets for obese or diabetic dogs or cats should contain starch sources that elicit low postprandial
(glycemic) responses. In dogs, those starch sources are barley and sorghum. In cats, sorghum, corn,
and barley give the most beneficial responses.
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CHAPTER 5: ALTERNATIVE APPROACHES TO WEIGHT LOSS
Sean M. Murray and Gregory D. Sunvold
Pages 42-44
Summary.

Several alternative methods exist to manage weight loss in overweight companion animals. Diets
including novel weight loss nutrients, in comparison to the traditional high-fiber approach, have
been demonstrated to effectively manage the underlying metabolic disturbances accompanying obesity
without sacrificing animal well-being and can be provided to obese animals as part of a healthy and
appropriate weight loss program.

Findings.
• Certain nutritional components can be useful in helping promote a more normal glycemic response
in dogs and cats
- Starch source affects postprandial blood glucose response and weight loss
■
When 36 overweight dogs were fed one of three diets containing different starch sources (corn
with sorghum, corn with wheat, or corn with rice) for 10 weeks, those fed the diet containing
sorghum lost more weight and had a lower body fat percentage
■
Use of barley, corn, and sorghum as starch sources has been shown to have positive effects
on glycemia
- Chromium
■
Is an important modulator of insulin function
■
Helps preserve lean body tissue during weight loss
- Fermentable fiber may decrease postprandial hyperglycemia by
■
Slowing digestion and absorption of carbohydrates, which reduces hyperglycemia after a meal
■
Altering secretion of gastrointestinal hormones that control nutrient metabolism, increasing
glucose removal from the bloodstream
■
Improving the timing of insulin release in response to a glucose load
• Fat metabolism is altered in obese dogs and cats
- l-Carnitine, which promotes the conversion of fat to energy, may
■
Promote greater weight loss
■
Facilitate greater fat loss
■
Help control appetite and cause voluntary reductions in intake
- Blood levels of leptin are affected by obesity in dogs and cats
■
Leptin helps to regulate and maintain the degree of obesity in an individual
■
Vitamin A decreases expression of leptin mRNA for white adipose tissue
■
Dogs and cats fed supplemental vitamin A resisted weight gain
Application.

Eukanuba Veterinary Diets® Restricted-Calorie™ and Optimum Weight Control™ diets contain nutrients
that affect the metabolic and physiologic changes that occur during obesity. The use of these nutrients
may result in more effective weight loss. As part of a total weight management program, these formulas
provide a safe and effective way to promote weight loss in dogs and cats.
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cats examined in 31 private veterinary practices in North
America were considered overweight (20%) or obese (5%)
with highest risk between 6 and 8 years of age.3 In that same
year, a report of 1,600 cats examined at the University of
Pennsylvania disclosed that the overweight condition was
most common at 4–6 years of age.4 In 1996, a study of nearly
10,000 cats in 60 veterinary practices in North America
determined that 24% of cats were above optimal body weight
(body condition of 4 or 5 using a 5 point scale), with highest
risk between 5 and 12 years of age and peak incidence at
approximately 7 years (close to 50% of cats examined);
Figure 1.5

Obesity: How to
Make Weight
Loss Happen in
the Dog and Cat
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Figure 1. Findings from a survey of body condition scores in dogs and
cats in 60 veterinary practices in North America; 5 point body condition score, score of 4 or 5 indicating overweight and obese animals,
respectively. Adapted from reference 5.

A number of studies have confirmed that middle aged
and older dogs are at risk for becoming over-conditioned. In
1970, Mason surveyed 1,000 dogs at a veterinary clinic in
the United Kingdom.6 A prevalence of canine obesity was
found related to age; obesity in dogs of various ages were
reported (16.5% for dogs < 4 yr; 35.5% for dogs aged 5–11
years, and 40.5% for dogs > 12 years). In 1991, a survey of
3,729 dogs at the University of Pennsylvania Teaching
Hospital disclosed that nearly 28% of dogs ranging in age
from 7–9 yr were overweight; 15.5% of senior dogs (> 12 yr)
were considered underweight.7 In 1996, a survey of > 23,000
dogs completed in 60 different veterinary practices in North
America disclosed a 25% prevalence of overweight/obese
dogs (body condition scores [BCS] of 4 or 5 on a 5-point
scale).5 Approximately 40–45% of dogs between 5 and 12
years of age had a BCS of 4 or 5; Figure 1.5 After 12 years
of age, the prevalence of over-conditioned animals declined,
consistent with the age related loss of lean body mass and
reduced activity shown by others investigating energy requirements in aging dogs; Figure 2.8-15 As early as 1980, body
composition studies in adult dogs reported mean body fat at
1 yr of 15–20% but increased continually in successive years

INTRODUCTION
Obesity is the most common and costly nutritional
problem in human health care in North America and is the
most common nutritionally related health problem in companion animals. Managing obesity is one of the most challenging and frustrating clinical objectives presented to the
veterinarian.
Studies have estimated incidence of overweight and
obese cats to range between 19 and 40% and dogs to range
between 24 to 45%.1-9 In 1973, a survey in the United
Kingdom reported that between 6–12% of cats seen in veterinary practices were overweight.1 In 1990, a prevalence of
40% was reported for over-conditioned cats in Denmark.2
In a study in 1994, approximately 25% of more than 2,000
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reaching 25–30% in dogs aged 8 to 10 yrs and an age-related
decline in total body protein consistent with loss of lean
body mass (LBM).15
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adapted from reference 14.
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Obesity is an insidious pathological condition having a
multifactorial etiology. Abnormally low metabolic rates
derived from genetic or acquired disorders have been shown
in some obese humans. Similar phenomena may exist in
some animals; examples of abnormally low resting energy
requirement (RER) for several morbidly obese cats are
shown in Figure 3. Other factors that may favor obesity
include abnormalities in satiety and appetite mechanisms,
psychological factors causing hyperphagia, expansion in
number or size of adipocytes, impaired ability or desire to
exercise, and simply consistent over-feeding of a palatable
food exceeding daily energy requirements (DER). There is
also evidence that obesity influences skeletal muscle
metabolism, not only related to insulin resistance in pathways of glucose metabolism, but also in respect to reduced
utilization of fat calories.16 Such effects on muscle are
important since it is here that the largest component of LBM
is partitioned. This is where > 95% of metabolic activity or
energy utilization occurs.17
Overfeeding of pet dogs has been unintentionally fostered by National Research Council (NRC) recommendations (1974 and 1985) which influence feeding guidelines
suggested by pet food manufacturers.18,19 Recent studies have
highlighted differences between maintenance energy requirements (MER) for kennel housed (research) and in-home
pets; an example is provided in Figure 4.20-24 Using the
activity coefficient required to achieve stable body weight in
kennel housed dogs (which serve as the basis for NRC recommendations), 4 recent studies involving 255 in-home
pet dogs confirm an average reduction in total energy intake

The Role of Nutrition in Weight Management—TNAVC 2003
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Figure 3. Resting energy requirements (RER) determined by indirect
calorimetry for 4 morbidly obese pet cats (% ideal body weight = 150200%) and 5 colony housed research cats “fattened” for obesity studies
(average % ideal body weight = 135%). The RER expressed per kg 0.75
for actual body weight (A) and estimated ideal body weight (B) are
shown. Pet cats 2 and 4 have a significantly lower RER compared to
values for research cats and most pet cats studied in our laboratory.
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Figure 4. Maintenance energy requirements at stable body weight
for in-home pet dogs and kennel-housed dogs of comparable body
size. In-home dogs have a significantly lower daily energy requirement
than the kennel housed dogs. The activity coefficient of in-home pet
dogs averaged 59% of kennel-housed dogs.
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to maintain stable body weight ranging from 15% to 36%
below NRC recommendations.20-23 Measurement of RER in
in-home pet dogs using indirect calorimetry has shown that
this discrepancy cannot be accounted for by a lower RER in
pet dogs.25 Thus by deduction and observation, the significant difference in daily energy utilization reflects the comparatively little activity experienced by in-home pet dogs
compared to kennel reared dogs.
For example, in one survey of pet (n=40) and working
(n=28) Border Collies, the vast majority of pet dogs
(87.5%) received either < 1 hour or between 1 and 3 hours
of daily exercise.26 While many pet owners consider their
dog an athlete or athletic, small bursts of energy (eg, barking
at occasional house guests, short walks, access via dog door
to a fenced yard) do not constitute circumstances that are
moderate or high energy utilization. It is important to
remember that a relatively small positive balance in energy
intake exceeding requirements is sufficient to insidiously
lead to obesity over time. For example, in humans, it has
been estimated that ingestion of only 0.3% excess energy
each day contributes to the insidious accumulation of an
average of 20 lbs extra weight between the ages of 25 and
55 years.27 The other factor contributing to the difference
in MER required for in-home pet dogs compared to NRC
recommendations is the neutered status of many pet dogs.
Neutering is thought to reduce metabolic rate (although
relatively few studies have investigated this effect), activity
(reducing social interactions/anxiety associated with reproductive physiology), and possibly increased appetite.
The common unifying factor in all circumstances of
obesity is greater energy intake than required with “extra”
fuel efficiency stored as triglyceride. The influence of obesity
on energy utilization is complex; whether low activity or
excessive fuel consumption is the consequence or cause of
obesity, or both, remains unanswered in many cases. While
having greater body mass results in larger energy expenditures
for physical activity (including respiratory effort), simply
being obese can deter the initiative for voluntary activity.
When significant weight loss occurs, energy expenditure
decreases depending on the respective effects of factors
influencing the following three important components of
total energy expenditure:

Factors Favoring Obesity in Cats and Dogs
Multiple factors favor development of obesity. These
include: sedentary living, being neutered, being restricted to
indoors, ad libitum feeding of dry food, having liberal access
to highly palatable or high-fat foods, owners unintentionally
providing too much food by adhering to labeled feeding
guidelines, and the tendency for owners to provide extra
food sources (table foods, treats). Two surveys have shown
that > 90% of pet dog owners provide treats or food additional to the pet’s regular meal.23,28 The form of a diet also
can influence the quantity eaten, canned or semi-moist
diets being preferred.29 The highest risks for obesity occur
in the young adult to early senior adult years reaching a
maximum at 6–9 years, and declining after 12 years.

Obesity-Related Health Risks
Detrimental effects on health and longevity have been
shown for obesity in human beings. Associations between
specific organ systems, metabolic functions, and conditions
thought also to affect dogs and cats are shown in Table
1.2,3,30-33 While the health implications of being overweight and obese have been less studied in dogs and cats as
compared to rodents, non-human primates, and human
beings, a recently published longitudinal study in kennel
housed Labrador Retrievers demonstrated that a “slimmer”
body condition reduced the number and onset of chronic
diseases and significantly prolonged median lifespan by 2
years; Figure 5.33
Obesity also can complicate routine veterinary care
including physical examination, imaging (radiography and
ultrasonography) of body cavities, venipuncture, cystocentesis, collection of CSF and synovial fluid samples, and may
render routine surgical and anesthetic procedures difficult or
hazardous. A further problem exists in the over-estimation
of fluid and drug dosage recommendations, which usually
are based on ideal body condition.

Defining and Estimating Obesity
In ideal body condition (ideal body weight [IBW]),
approximately 15% of weight is comprised of fat. In dogs
and cats, this is usually attained at around maturity at 1 year.
Obesity exists when excessive adiposity causes body mass to
exceed 120% of IBW. Although the best methods for establishing the degree of adiposity involve objective measures
of the percentage of body fat, these are accomplished using
methods that quantitatively estimate body compartments
(eg, X-ray absorptiometry, stable isotope or bromide body
water dispersal; bioelectrical impedance analysis) that vary
widely in expense, accuracy, and complexity, and at present
remain impractical for routine use. Consequently, subjective estimates are made based on calculation of the relative
percentage of ideal body weight, body condition scores, or morphometric indexes (the latter more easily applied to cats).
Obesity Estimation: Relative Percentage of Ideal
Body Weight (%IBW). Simply recording body weight and
comparing to breed standards cannot be used as a definitive

1. resting energy requirement (RER)
2. thermic effect of food (TEF)
3. exercise energy expenditure (EEE)
(variable component)
Unfortunately, the RER decreases as LBM declines and
the TEF decreases consequent to restricted dietary intake.
For a given rate of physical activity, the EEE declines
because less energy is required to move the smaller body size.
Consequently, progressively declining total daily energy
expenditure occurs with successful weight loss. This phenomenon explains why a decreasing rate of weight loss over
time may necessitate further restriction of energy.
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Table 1. Conditions associated with or exacerbated by obesity in humans, dogs, and/or cats

Altered Physiologic Functions

Reduced Exercise Tolerance

Organ and Metabolic Alterations

Respiratory System

Reduced energy utilization

Liver

• reduced chest wall compliance
• larger pulmonary blood volume
- closure of dependent airways
• increased A-a gradient: morbid obesity (man)

• excess triglyceride storage

Muscle:

• feline hepatic lipidosis

• reduced muscle mass
• altered muscle metabolism

Glucose intolerance

• reduced muscle strength

Hyperlipidemia

• obesity hypoventilation syndrome: man
• hyperthermia: impaired heat dissipation
Cardiovascular System

Endocrinopathies

Heat Intolerance

• hyperadrenocorticism

• reduced heat dissipation

• hypothyroidism

• increased blood volume
• increased preload: diastolic filling
• increased cardiac output
• hypertension (proven in man)
Pharmacology
• drug distribution: water, fat

• hypopituitarism

Neoplasia

• hypothalamic lesions
• insulinoma

• mammary tumors (juvenile obesity; dogs)

• diabetes mellitus

Functional Effects

Dermatitis
• perivulvar/perianal inflammation

Joints:
Reproductive
• altered hormone metabolism
• increased risk for dystocia
Urinary
• increase feline risk: FUS

• impaired grooming:

• joint stress: increased weight bearing

- matted coat/inflammation

• osteodegenerative changes
- stifle arthritis

Mortality

- cruciate rupture
- hip dysplasia

• increased risk of death in obese cats
during middle age

Intervertebral disc disease

• significantly shorter survival

• instability, disc prolapse

measure of obesity in dogs due to the wide range of differences in skeletal frame sizes and conformation. Body weight
also cannot be used to objectively determine adiposity in
cats owing to the broad range in skeletal frame sizes among
individuals. Importantly, it also must be remembered that in
very small animals (<15 lbs), enteral contents and urine can
impart a significant influence on single weight measurements.
In practical application, the IBW is estimated from physical
examination, recruiting the owner’s opinion, consulting
medical records where weights were recorded during optimal
body condition, and having a second unbiased person render
an opinion. Calculating the %IBW ([current weight/ideal
weight] x 100) yields 120% for an animal judged to exceed
optimal body weight by 20%.
Obesity Estimation: Body Condition Scoring (BCS).
The BCS provides a subjective assessment of an animal’s body
fat, taking into account the skeletal frame size and physical
assessment of subcutaneous regional and abdominal fat deposition. Systems using either a 5- (with 0.5 increments) or
9-point scale and comparison to physique silhouettes works
quite well. This is a learned skill refined with experience
and yields the best results when relative assessments are
completed by a limited number of examiners.34,35 Body condition scoring criteria are included in Figure 6 and 7.
The Role of Nutrition in Weight Management—TNAVC 2003

- proven in Labrador retrievers
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Figure 5. Kaplan-Meier survival curve showing the influence of a
“slimmer” body composition in pair fed Labrador Retrievers. Dogs
indicated as receiving “restricted feeding” were provided with 75% of
daily energy intake of the control group. A “slimmer” body composition was significantly associated with life span extension. Adapted
from reference 33.
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Thin Cat

Thin Dog

Ribs, lumbar vertebrae, and
pelvic bones easily visible
Thin neck and narrow waist
Obvious abdominal tuck
No fat in flank folds;
folds often absent

Ribs, lumbar vertebrae, and
pelvic bones easily visible
No palpable fat
Obvious waist and abdominal
tuck
Prominent pelvic bones

Underweight Cat

Underweight Dog

Backbone and ribs easily
palpable
Minimal fat covering
Minimal waist when viewed
from above
Slightly tucked abdomen

Ribs easily palpable
Minimal fat covering
Waist easily noted when viewed
from above
Abdominal tuck evident

Ideal Cat

Ideal Dog

Ribs palpable, but not visible
Slight waist observed behind
ribs when viewed from above
Abdomen tucked up, flank
folds present

Ribs palpable, but not visible
Waist observed behind ribs when
viewed from above
Abdomen tucked up when viewed
from the side

Overweight Cat

Overweight Dog

Slight increase in fat over ribs,
but still easily palpable
Abdomen slightly rounded,
flanks concave
Flank folds hang down with
moderate amount of fat; jiggle
noted when walking

Ribs palpable, with slight excess
of fat covering
Waist discernable when viewed
from above, but not prominent
Abdominal tuck apparent

Obese Cat

Obese Dog

Ribs and backbone not easily
palpable under a heavy fat covering
Abdomen rounded; waist barely
visible to absent
Prominent flank folds which
sway from side to side when
walking

Ribs not easily palpable
under a heavy fat covering
Fat deposits over lumbar area
and tail base
Waist barely visible to absent
No abdominal tuck; may exhibit
obvious abdominal distention.

Figure 6. Body condition scoring in cats.

Figure 7. Body condition scoring in dogs.

AN ORGANIZED APPROACH
TO WEIGHT REDUCTION

Morphometric Measurements. Estimating total body
fat also can be accomplished using measurements of body
regions; in both dogs and cats, the body region that most
consistently reflects total body fat is the abdominal (or
pelvic) circumference. In addition to abdominal circumference, 1 to 3 other measurements are required to estimate body
composition; these account for skeletal frame size or are
correlated to lean body mass. Several measurement schemes
have been proposed.36,37 Such measurements are more difficult to apply to canine physique; formulae have not been
proven for dogs with unique body conformations (brachycephalic or extreme dolichocephalic dogs) or those with
body fat > 33%.

Client Commitment to Pet Weight Loss
Client recognition of pet obesity and discussion of its
detrimental health effects are integral to developing a successful weight loss program. Discussions may be initiated after
routine vaccination and health examinations or when current
health problems initiate the topic. Display of body condition
silhouettes and having the owner identify the silhouette best
representing their pet’s physique is pivotal in some instances.
For others, demonstration of adiposity on a radiograph may
convincingly define the problem. The prospect of a more
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active, healthier pet with fewer health care problems and a
longer life are usually persuasive. Cultivating owner participation is encouraged by tangible evidence of weight reduction
during the first 8 weeks of a weight reduction program using
abdominal girth measurements, hospital “weigh ins”, and
graphic display of the % of initial weight lost. Recheck
appointments should be quick and convenient to minimize
patient and owner stress; a hospital technician can effectively
orchestrate these appointments.
Establishing a scheduled “obesity clinic” may encourage
client participation by acquainting them with other participants. The most critical component of a successful weight
management/reduction program is repetitive evaluation
monitoring patient progress and owner compliance with
efforts made to renew client enthusiasm and patience.

for MER for adults. It cannot be stressed enough that there
is a wide range of energy requirements for patients owing to
individual differences in metabolism and importantly, physical activity. Calculation of RER for IBW and comparison
to energy intake associated with the over-conditioned body
weight will display a perspective relative to future adjustments
in energy allocations during the weight loss regimen and
when maintenance feeding is finally recommended.
Baseline Health Assessments. This should include a
detailed medical history, including the time frame over
which weight gain occurred, the patient’s acceptance and
response to previous diet modifications (ie, for dogs and cats:
vomiting, diarrhea, constipation; for cats: hematuria or signs
of lower urinary tract disease). Any chronically-administered
medications should be identified and considered as a cause

Baseline Assessments
Diet History. Find out what
the animal is currently eating.
Acquire a detailed history of food
intake, including brand names,
food label, a complete list of all
treats (and their caloric density),
feeding intervals, and all family
members that may provide food
sources for that pet. Hunting behavior and opportunities for feeding at
neighborhood homes should also be
determined and discussed. A questionnaire is used to acquire this
information (Figure 8). Obtaining
an ingredient list label from the
currently fed diet will permit determination of the caloric density, and
calorie distribution.
Verify Current Energy Intake.
A quantitative record of food consumption over a 5-day interval is
invaluable. This permits accurate
calculation of baseline energy intake
that fostered and sustained the
obese body condition. If the owner
is unable to historically quantify the
amount of food fed daily, provide a
measuring cup and have them
record a 5-day average. It is important to determine the daily energy
intake at this time; this will be used
to determine initial food allocations
and for formulating maintenance
recommendations once weight
reduction has been achieved. Many
obese animals will be consuming
less energy than recommended
using conventional NRC formulas

Dietary History
Date:
Owner Name:

Animal Name:

Current food (brand name):
(Please provide a package label listing ingredients, protein, fat, and carbohydrate content)
Previous types and brands of food used:
Current food fed:
Dry
or
Dry food water moistened
or
Canned
Quantity/day current food: (cups or tablespoons: exact measurement)
Feeding Frequency: circle one or explain
free choice
1 meal
2 meals
> 2 meals
Explain
Extras fed: check box AND quantify amounts
table scraps (specify types, amount per day)
treats: brand name(s) AND size, number treats/day
food “stolen” from other family pets, specify brand name and quantity/day

Case No:

Fax:
or

Semi-moist (packets)

access to neighborhood food sources? Yes or No If Yes, specify
access to prey/demonstrates hunting behavior? Yes or No If Yes: what, when, how much
Number of persons in the family feeding this pet:
Number of other household pets:
Specify:
What exercise does your pet regularly participate in? Specify: frequency per day or week, duration, activity,
intensity of play/work

Can your pet presently groom distant body regions: back, tail, back of thighs? Yes or No or I don’t know
Have you noted any lamenesses, inability to jump, navigate stairs, or run? Yes or No If Yes, please explain here:

Is your pet currently receiving any medications? Yes or No
If Yes, list here exactly what, how much, how frequently, and reason for medication.

Duration of weight problem:
Control measures or weight reduction protocols previously used: describe

What do you estimate to be your pets ideal body weight? (pounds)

Re-evaluation appointments are necessary for supervision of your pets weight loss.
What time of day and what day of the week would be most convenient for your schedule?
Feeding daily food allowance is best done in 2 or more meals. How many meal intervals could you accommodate?
Circle: 1 2 3 4

Figure 8. Client questionnaire used for weight reduction protocols.
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for hyperphagia (ie, glucocorticoids, anti-convulsants) or
altered metabolic rate. A thorough physical examination
and baseline laboratory tests including a CBC, chemistry
profile, and urinalysis are advised. Obese dogs should be
tested for hypothyroidism. Routine laboratory tests are scrutinized for evidence of asymptomatic health problems,
including glucose intolerance (incipient diabetes mellitus,
especially in cats), markers of hyperadrenocorticism or
hypothyroidism (dogs), evidence of infection, and liver or
renal abnormalities. Of particular importance in cats is to
ascertain the status of liver enzymes which reflect pre-existent
hepatic disease. The discovery of abnormal liver enzyme
activity during weight loss may erroneously suggest iatrogenic
hepatic lipidosis. Urinalysis will disclose whether hematuria
or crystalluria precede diet change.

comprises the patient’s entire food source. Especially in
cats, the owner must be cautioned against a rapid diet
exchange because of the hazard of self-enforced anorexia and
risk of hepatic lipidosis in the obese cat and the development
of anxiety that may lead to feline food aversion.

How Often to Feed?
Animals on weight reduction programs should be fed
multiple small meals per day rather than a single large meal.
Theoretically this will benefit energy utilization by partitioning a larger component of energy for food digestion and
assimilation (meal-induced thermogenesis).48 This also
may assuage owner anxiety about enforcing food restriction.
Since many obese animals have a voracious appetite, free
choice feeding is not an option.

How Much Energy to Allow?

REDUCING STRATEGIES

Many different equations, methods, and recommendations have been given for determining caloric intake to
achieve weight loss. The range of caloric restrictions suggested
using various equations or methods is evidence that a single
method cannot be firmly advocated for all pet dogs and
cats. The most reliable method of determining initial
caloric intake for a weight loss protocol is to determine the
DER from the dietary history or diary that has generated
and maintained the over-conditioned body weight.
Comparing this value with predicted RER for IBW will help
identify the extent of overfeeding that may have promoted
the over-conditioned status; this inadvertently gives an
idea of the activity coefficient for that individual.
The activity coefficient is the factor multiplied by the
body weight to the 0.67 or 0.75 exponent. Calculation of RER
for IBW can be done using several equations (eg, 99
(BWkg0.67), 70 (BWkg0.75 ) or [30(BWkg) + 70] for animals
weighing between 2 and 45 kg.). For dogs, DER has traditionally been considered to range from 1.4 to 1.6 x RER,
and for cats, 1.2 x RER and 0.8 to 1.0 RER for obese-prone
cats.49 However, for pet dogs, traditional DER recommendations are significantly too generous, as discussed previously,
ranging in excess from 15 to 36%. Correcting for recent
observations in pet dogs, RER x 0.9–1.4 is a more appropriate
range for expected DER. Calculation of DER using a range
of 99–106(IBWkg0.67) to 105–112(IBWkg0.75) as recently
determined in studies in pet dogs, can be more confidently
used. Once the DER has been determined (eg, owners feeding
diary, 5-day dietary history preferred), energy is restricted to
a level of 60 to 80% for dogs. Considering the wide range of
values predicted for RER and the subjective nature of IBW
estimation knowing what the pet has currently been consuming provides a margin of confidence and safety for initiating
the weight loss regimen.
Calculation of DER for IBW on the basis of 1.2 x RER
(RER = 70 (BWkg0.75) or [30(BWkg) + 70]) yields approximately 84–98(BWkg0.75) or 60 [IBW(kg)] as an estimate.
Providing 60% of this is a reasonable starting point for most
cats with IBW ranging up to 6 kg. For these cats (between 4

Although there are several general nutritional
approaches to weight reduction, those most successful
involve specially formulated reducing diets. These foods are
variably supplemented with protein, essential fatty acids,
vitamins, and minerals to ensure adequate nutriture for normal physiology and to maintain LBM. Reducing foods are
energy restricted and encompass a variety of nutritional
approaches including modification in fat and fiber content,
and food particle processing (entrapped air or moisture content) to increase the sensation of “fullness”. Feeding bulkier
foods may appease owner anxiety about food restrictions.
The rationale for various diet formulations is a rather lengthy
subject and will not be discussed here. The importance or
benefit of fiber in weight management remains arguable.
Inclusion of l-carnitine in several products may enhance
mobilization of fatty acids between metabolic compartments
(cells and organelles), promote oxidation of fatty acids for
energy, conserve LBM, and increase urinary excretion of
fatty acid carnitine esters.38-47 Several studies in obese cats
undergoing rapid weight loss have shown that supplementation with l-carnitine can attenuate metabolic and hepatic
histologic changes associated with development of hepatic
lipidosis and enhance recovery from the syndrome.44-46

What Reducing Diet Should You Recommend?
Owner preference for dry or canned food takes first
selection priority. However, selection of which speciallyformulated reducing diet to use is ultimately the patient’s
decision. Several diets that comply with owner preferences
(dry, canned, low fiber or fiber supplemented) are sent
home where “taste trials” can be conducted. It is important
that the obese pet undergoing weight loss eat the newly
introduced diet.

How to Introduce the Weight Loss Diet?
The new diet is transitioned to the patient by introducing an approximate 10 to 15% replacement exchange
with the current food. After 6 to10 days the reducing ration
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to 6 kg IBW), starting at 60 kcal/kg IBW x 0.6 also predicts
a reasonable energy provision for initiation of a weight loss
protocol. Initial energy provision for cats with IBW ranging
from 7 to 9 kg is based on 70% of 1.2 x RER for the IBW
and for cats from 10–11 kg use DER for IBW x 0.8 initially.
Cats shown to be consuming less than DER predictions for
IBW are safely introduced to a weight management program by cutting back their daily energy allowance to 80%,
rechecking in 10 to 14 days, and expanding restrictions as
appropriate.
In all cases, safe weight loss is achieved in each patient
by comparing and reconciling energy estimates and energy
intake from the quantified dietary history during the weight
reduction protocol.

log sent home with the client (Figure 9); a copy of this also
should be placed in the medical record. The owner is
informed that this food allocation may be revised depending
on their pet’s progress. Recommended meal sizes should be
able to be conveniently measured. Using an inexpensive
plastic container (such as those used for urine collection)
and marking a “fill line” with indelible ink can assist owner
measurements of dry food. For small dogs and cats, the
quantity of food may require weighing and determination of
“morsel” weight vs volume or number of kibbles in order to
accurately determine food allowances. Of particular importance in obese cats is that the owner verifies consumption
of the newly introduced diet. A log recording the quantity
of food consumed per day is very helpful as this not only
protects against unrecognized voluntary fasting but also
provides the basis for further adjustments in energy intake.

What Type of Diet ?
Nutritional support should be provided using a specially formulated weight reduction diet. Using specially formulated diets for restricted energy delivery ensures adequate
protein, vitamin, and micronutrient ingestion necessary for
optimizing preservation of LBM during the weight loss protocol. Induced energy deficits (exercise, thermic effect of
feeding) will be met by catabolism of body adipose. Since
adipose tissue consumes relatively small amounts of energy,
if LBM is maintained throughout the weight loss interval,
energy provision may not change much in the face of reducing total body weight. However, if weight loss is too rapid
or the reducing formula does not provide adequate protein,
loss of LBM will diminish energy utilization and the caloric
intake will require individual downward titration. However,
increased activity as a favorable consequence of weight loss
may offset this trend. The bottom line is that astute observation and individualization of the weight loss regimen is
required to balance energy intake with apparent needs.

What About Snacks?
Many owners of obese pets are accustomed to feeding
snacks or “extras” during play, training sessions, or just because
they love their pet. Sharing of table foods and offering
treats are important emotional and social interactions
between owners and their pet. Any weight control program
that “bans” provision of treats is destined to fail. While
treats or “extras” have different nutritional value, limiting
these to no more than 10% of the total daily energy intake
is safe and can be successfully integrated into a weight loss/
weight control program. Many obese dogs will accept fresh
vegetables (eg, zucchini squash, celery, sweet bell peppers,
broccoli) or unbuttered popcorn. An alternative approach
is to use morsels of a dry weight reduction diet different
from the product used in that individual’s weight reduction
protocol (this avoids gustatory boredom). However, it is
important that any snacks or “extras” consumed be recorded
and accounted for in the daily energy allocation; Figure 9.

What is a Safe Rate of Weight Loss?
Behaviors to Modify

Most nutritionists and clinicians agree that safe weight
loss ranges between 1.0 and 2.5% of initial body weight per
week. Slower weight loss can be discouraging to the owner
and a faster rate may result in loss of LBM. Faster rates of
weight loss are contraindicated in cats due to their risk of
developing hepatic lipidosis.

Changing behaviors that favor excessive energy provision to an obese pet within the family structure facilitates
success of weight reduction/maintenance protocols. The pet
should be excluded from the area of human meal consumption and from the enticing aromas emanating from the
kitchen during meal preparation. All members of the family,
especially senior citizens and toddlers must be included as
part of the “diet police”. Owners must refrain from providing
treats when a pet demonstrates begging behavior, and alternatively, provide physical contact or interaction invoking
exercise. Access to foods fed to other pet housemates must
be eliminated. Limited access to common feeding areas
(gate, door, hook and eye arrangement, elevation of cat
food dishes) limits a glutton’s access to energy-dense and
free-choice food availability. Dogs grazing on food spilled or
thrown from a toddler’s high chair also can frustrate a
weight management program. Feeding of several meals
daily may reduce begging by the pet as well as reduce the
usable calories derived from food (an effect due to energy

How Much Weight Can You Expect to Remove?
A reasonable maximal goal of 20 to 25% body weight
reduction over 18 weeks is possible without complications
in cats and dogs. In most cases, an 18 to 20% reduction is
easily achieved when attention is given to maintaining a
sustained rate of weight loss approximately 1–1.5% per
week (titrating or individualizing energy allowances on the
basis of rate of weight loss).

How Much of the Selected Ration?
The quantity of selected ration to feed is based on its
energy density on an “as fed” basis. This calculation should
be entered as a quantity of food on the weight loss protocol
The Role of Nutrition in Weight Management—TNAVC 2003
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Weight Reduction Protocol Sheet
Patient:
Client:
Case No:
Ideal Body Wt:
(kg)
(lbs)
Daily Energy Intake: Measured =
Daily Energy Requirement (DER) in Kcal for Ideal Body Wt (IBW):
Dogs: 99–106(IBWkg0.67) to 105–112(IBWkg0.75)
Cats: 84–98(BWkg0.75) or 60 [IBW(kg)]
Initial Restricted intake:
Dogs: Measured or Estimated DER for IBW x 0.6
Cats: cats from 2–4 kg use DER for IBW x 0.6
cats from 5–9 kg use DER for IBW x 0.7
cats from 10–11 kg use DER for IBW x 0.8
Optimal Rate of Weight Reduction: 1.0 to 2.5 % of initial body weight per week
Adjustment of energy restrictions:
• if patient has gained weight: verify total energy intake, rule out “extra” energy sources, increase restriction by 10–20%,
wait 2 weeks, re-weigh, evaluate BCS, and further titrate energy intake.
• if failure to lose weight: verify intake, if no other energy sources, increase restriction by 10%, wait 2 weeks, re-weigh
• if weight loss > 2.5% per week: verify food consumption, increase energy allotment by 10–15%, change food?
Exercise: An important component of weight control/reduction
• Strive for 20 minutes walking, swimming, or playing per day
• Several play intervals of this length are advised
Meals:
• Frequency: divide total food quantity into 2 or 3 meals per day
• Feed only prescribed diet
• Feed only quantity recommended
• Feed your pet away from other pets, restrict access to their foods
• DO NOT eat or prepare foods for yourself in the presence of your pet
Food Diary: Please keep an accurate record of food eaten, particularly EXTRA food sources (amount, substance, frequency)
Body Weight:
• Use a single calibrated scale
• Record weight to decimal point in Kg. (2.2 pounds = 1 kg)
Abdominal Girth:
• At widest point of abdomen
• Mark site (indelible pen) for measurements
• Consistent determinations require: single operator and consistent tautness of tape measure
• Girths reflect weight loss through week 8 only if patient losing 1.5% of body weight per week
Circle One
Diet Selected for Use
= Caloric Density
Kcal/gm or Kcal/cup

objects in interactive play with
strings, feathers and other toys and
some also can be taught to accompany their owners on short walks.

What to Do When Energy
Allowance Is Too Generous?

Titrating Energy Intake. The
effectiveness of initial energy allocations will be apparent within the
first 4 weeks of a weight reduction
protocol. Failure to lose at least 1%
of initial body weight per week
requires further energy restriction.
Before energy restrictions are
increased, it is important that body
weight and condition be verified,
owner compliance reviewed, and
that pet access to other food sources
has been eliminated. If there are no
breaches in protocol compliance,
caloric intake is restricted by an
additional 10 to 20%; multiply the
current energy intake by 90% or 80%,
respectively. Subsequent titrations
are made using similar downward
Protocol Wk. Current Body
Exercise
% Initial BW Lost
Energy
Amount/day
Snacks
increments. Whenever energy intake
Girth (cm)
(Initial BW - Current Wt)
Start Date
Wt (kg)
(intervals
Intake per
(cups, tblsp, (kcal/day)
x 100
Initial BW
From Food
per day)
Day (kcal)
morsels)
is further restricted, recheck evaluaDiary
tions are mandatory within 2-week
intervals. An example of energy
titration in a morbidly obese cat is
shown in Figure 10.
As a patient loses weight, loss of
LBM, the most metabolically active
body component, may reduce the
DER. This effect, however, is often
offset by increased patient mobility
and activity realized with weight loss.
Figure 9. Weight loss protocol log including ration calculation guide.
In some cases, increased activity is
stimulated by the “quest for more
expended for food digestion and assimilation), and sustains
food” while in others the animal has increased interest in
a higher metabolic rate (thermic effect of food).
grooming and in interaction with the owner, housemate
pets, and the environment.

What About Exercise?
Recheck Appointments — How Often?

Increasing exercise (walks, retrieval activity, swimming,
jogging) and activities interactive with the owner or a companion pet will raise the level of energy utilization. Exactly
how much exercise is needed has not been determined. As
much exercise as reasonably possible and appropriate for
the patient’s health status should be encouraged; activity
for 30 to 60 minutes per day is the minimum amount
advised. In addition to direct energy utilization, exercise
also conditions muscles that assist in maintenance of LBM
where > 95% of energy utilization occurs. Exercise or play
intervals also can distract the “gluttonous” pet’s never-ending
quest for food. Many cats can be enticed to chase or “combat”

Animals undergoing weight reduction should be reevaluated initially at 2-week intervals until it is clear that
an appropriate energy intake has been identified to achieve
a safe rate of weight loss. Thereafter, quick re-evaluation
appointments should occur at 4-week intervals. Interim
phone calls to the owner will ensure an absence of problems
and encourage compliance with the weight loss regimen.
Re-evaluations near the predicted closure of a weight loss
protocol usually requires 2-week intervals as the rate of
weight loss will have declined and goal attainment will
require further energy restriction.
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CLINICAL MONITORING DURING WEIGHT LOSS
Clinical Monitoring Intake Adjusted
1.0–2.5% Wt. Loss/Week

Baseline body weights and abdominal (pelvic) girths
are determined on week 0, and then at selected intervals.
Measurements are made at the same time of day; a calibrated
pediatric scale is used for small dogs and cats. An indelible ink
mark identifies the site for consistent girth (pelvic) measurements made using a single measuring tape and consistent
operator. Acquiring two to three baseline measurements at
different times of day for each parameter verifies that
changes are not due to operator error (girth determination) or
weight of retained urinary and enteric contents. Thereafter,
standardization as to the time of day measurements are made
may help reduce weight and girth fluctuations associated
with daily eating and elimination patterns. As previously
explained, frequent body weights during the first six weeks
and at the end of the weight loss protocol (at 2-week intervals) are important, as these allow fine-tuning of the level
of energy intake.
Re-evaluations should include a quick physical examination and review of the recent diet diary showing daily
energy ingestion. Rechecks should be kept short to reduce
client inconvenience and patient stress. Scheduling these
visits at the end of a day restricted for quick outpatient
work is helpful. A technician can be charged with running
such outpatient obesity recheck appointments. Body weight
and girth data are plotted in graphic form to illustrate
patient status and to facilitate adjustment of energy allocations (Figure 11). While graphic depiction of the rate of
weight loss over 6 to 8 weeks can be used to predict when
the weight reduction program will achieve targeted IBW,
predictions are notoriously unreliable owing the need for
frequent adjustment of energy provision. Signs of illness at
any time during the weight reduction protocol should be
investigated by complete physical examination and evaluation of a biochemical profile and complete urinalysis. In
cats, urine should be tested for bilirubin using an Ictotest‚
tablet that is the most sensitive method for detection of
bilirubinuria. Finding bilirubin in the urine of a cat is
always abnormal and should initiate patient evaluation for
its cause. Cats with hepatic lipidosis develop increased
transaminase (ALT, AST) and alkaline phosphatase activities, and bilirubinuria as the earliest clinicopathologic
abnormalities.

30
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Figure 10. Graphic representation of individualization of weight loss
protocol for an obese cat where energy allowances based on an initial
calculation of 60 kcal/kg ideal body weight x 0.6 was gradually
restricted over time to a total 35% energy allowance to achieve
desired body weight. Full achievement of ideal body weight required
over 40 weeks. An optimal safe rate of weight loss (1.5% of initial
body weight per week) is indicated by the dotted line.
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How to Encourage Your Client
Client participation in monitoring success of the
weight loss protocol encourages their resolve to continue
their efforts. Demonstration of reduced abdominal circumference and an improved body silhouette are strong positive
success indicators. Photographing the patient before weight
loss and then sequentially during the weight loss protocol,
facilitates owner involvement. Posting “before and after”
photos in the record documents success and can provide an

The Role of Nutrition in Weight Management—TNAVC 2003

Figure 11. Sample graphics for recording change in initial body weight
during a weight reduction protocol. Rates of weight loss are indicated
for comparison purposes ranging between 1.0% and 2.0 % of initial
weight lost per week.

encouraging display for clients. With digital photography,
this can be accomplished rapidly and with minimal cost.
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Weight Control: What Happens
After Weight Reduction?

pet. Long-term weight control in previously obese animals
can be accomplished with maintenance diets appropriate for
the pet’s life stage using a quantity that sustains the optimal
body weight. Selection of diets with a low caloric density,
avoidance of high-fat rations, and continued use of set meal
times (avoiding free choice feeding of maintenance dry
foods) are useful considerations. One of the most common
obstacles in control of weight in gluttonous animals is feeding
opportunities created by the presence of non-obese companion pets that prefer to nibble on free-choice food or that
require calorically-dense rations. These problems require
physical segregation of the formerly obese pet and the other
animals’ feeding station.

Rebound weight gain occurs in previously obese animals
similar to the situation in humans. In man and in dogs,
weight rebound is most extreme when weight is rapidly lost
compared to lower rates of weight reduction.50 Rebound
weight gain may be more prevalent in animals allowed
access to a high-fat diet after weight reduction. This phenomenon is shown in Figure 12 where nearly 50% of
weight loss achieved in 32 obese cats over 112 days (average
loss was 19% initial body weight) was rapidly regained over
a 14-day interval. During this time, the cats were given ad
libitum feeding opportunities of an energy-dense (4.9
kcal/gm) diet. Augmented weight gain reflects a reduced
TEE and rate of fatty acid oxidation, which enhances the
weight gaining effects of fat intake. It is during this time
that consumption of a fat-restricted diet may be most useful.
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CONCLUSION
To sustain optimal body weight in a previously obese
pet, the owner’s feeding habits and the pet’s eating opportunities must remain under control. In animals having
a subnormal DER for IBW, use of fat-restricted “lite”
diets may be most useful for long-term weight control.
Encouraging a continued exercise program also is important.
Modification of a sedentary lifestyle may be possible
through introduction of toys, climbing stations for cats,
interactive play with owners, or acquisition of a companion
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will be Indian (Annual Conference of the Association of
Physicians of India, Feb. 2001). The impending worldwide
epidemic of type 2 diabetes will have a catastrophic impact
on future health and medical costs.
The prevalence of obesity also appears to be rising in
cats with recent reports from Australia, North America,
and Denmark estimating the incidence of overweight cats to
be 19%, 25%, and 40%, respectively.3-5 Of these, 5% of North
American cats and 12.6% of Danish cats were classified as
obese, although the current incidence is likely to be higher.4,5
Obesity also increases the risk of diabetes in cats.6,7 Obesity is
reported to affect one-quarter to one-third of dogs presented
to veterinary practices,8-10 although the current incidence
may be higher. The majority of owners underestimate the
body condition score of their dog and thus fail to recognize
when their dog is overweight.11

The Link
Between Obesity
and Diabetes in
Cats and Dogs

OBESITY
Predisposing Factors
In cats, factors identified as predisposing to obesity
include lack of physical activity, extended sleeping periods
and confinement in an apartment or indoors.6,7 Male gender,3-5 neutering,5 aging,4 and behavioral influences such as
social hierarchy, boredom, or competition with other animals
also increase the risk of obesity.3,4,12 In dogs, there is breed
predisposition to development of obesity and the risk is
increased by neutering in both genders.10 Aging influences
the development of obesity in dogs because lean body mass
decreases and body fat mass increases in later life13. Feeding
highly palatable diets,14 snacks, and kitchen scraps15 predisposes dogs to obesity. The relationship between owner and
dog also plays an important role, as owners of obese dogs are
more likely to interpret all their dog’s needs as a request for
food.15 In cats, the strength of the human-animal bond is also
important in predisposing to obesity. Cats that are perceived
by their owner as a friend, child substitute, family member
or undemanding patient listener are at greater risk of being
overweight than cats that are perceived as a playmate or are
just tolerated.16
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INTRODUCTION
It is well documented in humans that obesity predisposes
to, or causes a number of medical conditions including
coronary heart disease and type 2 diabetes mellitus. In fact,
it is estimated that an obese woman is nearly 13 times more
likely to develop diabetes than women within the healthy
weight range. In the United States, 63% of men and 55%
of women are now overweight or obese.1 Importantly, the
rates of diabetes closely parallel the increase in obesity.2 In
America, the incidence of type 2 diabetes rose a staggering
33% from 1990 to 1998, with 6.5% of the adult population
now diabetic.2 In England, one in five adults are obese and
6% of all deaths in England are attributable to excess body
weight (National Audit Office Report). This death toll is
six times higher than that from road accidents. A crisis is
predicted in India with the prevalence of diabetes estimated
to rise to 17% in 2005, and every fifth diabetic in the world

Link Between Obesity and Diabetes in Cats
In humans, type 2 diabetes is generally considered to be an
inherited disease with the expression influenced by obesity
and physical inactivity. The increased risk of diabetes from
obesity is believed to result from increased demand on the
pancreas for insulin secretion as a result of obesity-induced
insulin resistance. Cats develop a form of diabetes analogous
to human type 2 diabetes characterized by impaired insulin
secretion, insulin resistance, and amyloid deposition in the
pancreatic islets.17-19 It is unclear whether cats also have the
same genetic predisposition for type 2 diabetes as humans.
One study found no breed predilection,7 however studies in
Australia and New Zealand found that type 2 diabetes is

21

The Role of Nutrition in Weight Management—TNAVC 2003

over-represented in Burmese cats.20,21 In contrast to humans
and cats, dogs are not reported to develop a form of overt
diabetes analogous to type 2 diabetes.
Resistance to insulin-stimulated glucose uptake and suppression of gluconeogenesis play a central role in the pathogenesis of impaired glucose tolerance and type 2 diabetes
mellitus in humans (Figure 1). In an insulin resistant state,
higher levels of insulin secretion are required for the uptake
and utilization of a given amount of glucose, compared to
when insulin sensitivity is normal.22 Thus, the initial effect of
tissue resistance to insulin is to stimulate the pancreatic beta
cells to secrete more insulin to maintain glucose tolerance,
leading to fasting and post-prandial hyperinsulinemia.
We have shown that insulin sensitivity is halved, and
glucose effectiveness, the ability of glucose to promote its
own uptake into tissues and suppress gluconeogenesis, is
reduced by 25% in cats after gaining an average of 44%
bodyweight.23 Obesity also leads to hyperinsulinemia and
impaired glucose tolerance in cats.23,24

Insulin’s Actions
Pancreatic
Beta Cell
Insulin
Muscle Cell
Glucose Uptake
• Glycogen Deposition
• Metabolism

Fat Deposition
Liver Cell

Gluconeogenesis

Figure 1. Insulin’s primary metabolic actions on liver, muscle, and fat
cells. After release from pancreatic beta cells in response to elevated
glucose levels, insulin depresses gluconeogenesis in liver cells and
enhances the uptake of glucose into hepatocytes, adipocytes, and
muscle cells. In muscle cells, glucose is utilized for glycogen formation
and deposition. In muscle and adipose cells glucose can be used as
an energy substrateand in the synthesis of proteins or fats.

Link Between Obesity and Diabetes in Dogs
Canine Obesity
Obesity affects one-quarter to one-third of dogs presented to veterinary practices,8-10 and is associated with a
number of clinical conditions, including osteoarthritis,25,26
mammary tumors,27 and pancreatitis.28 The relationship
between obesity and pancreatitis in dogs has relevance to
the pathogenesis of canine diabetes because pancreatitis
appears to be a common cause of diabetes in dogs.29 Feeding
high fat diets, lipemia, and disturbances in lipid metabolism
have all been implicated as potential etiological factors in
dogs with obesity-associated pancreatitis.30
Excessive weight gain in dogs produces significant
increases in blood pressure which is reversed by weight
loss.31 Obese dogs have insulin resistance, hyperinsulinemia,
sodium retention, and hypertension. Activation of the
sympathetic nervous system occurs with obesity resulting in
significantly increased heart rates, and may be involved in the
mechanism of hypertension. Obese dogs also have significant histological changes in the renal medulla, which may
contribute to the sodium retention and hypertension.32

This form of type 1 diabetes occurs in middle-aged and older
patients, is characterized by gradual beta cell destruction
over months or years, and is not associated with obesity.
Based on pancreatic histology and islet cell antibodies,
at least 50% of diabetic dogs have type 1 diabetes. The
remainder probably has ‘other specific types of diabetes’
resulting from pancreatic destruction or chronic insulin
resistance, or they have diestrus-induced diabetes.
Extensive pancreatic damage, which likely results from
chronic pancreatitis, is responsible for the development of
diabetes in approximately 28% of diabetic dogs.29 Diabetes
induced by insulin resistance states such as chronic corticosteroid therapy,41 hyperadrenocorticism,42 or acromegaly43
are less common causes of canine diabetes. Diestrus in
bitches is also associated with insulin resistance and diabetes.44 Increased progesterone concentrations cause insulin
resistance and compensatory hyperinsulinemia. In some
bitches, the hyperinsulinemia is inadequate to fully compensate for insulin resistance, and glucose intolerance ensues.
Overt diabetes develops during diestrus in some bitches
when insulin resistance peaks.44,45 In dogs, progesterone also
stimulates the mammary gland to produce growth hormone,
which is a potent inducer of insulin resistance.43 Diabetes
diagnosed in a bitch during diestrus is comparable to human
gestational diabetes because the hormone profiles during
diestrus and pregnancy are essentially identical.46-48 Using the
human criteria,40 dogs with diabetes secondary to chronic
pancreatitis, corticosteroid therapy, hyperadrenocorticism, or
acromegaly would be classified as having ‘other specific
types of diabetes’, while dogs with diestrus-induced diabetes
would be best classified as gestational diabetics.

Pathogenesis of Diabetes in Dogs
In contrast to cats and humans, dogs are not reported
to develop a form of overt diabetes analogous to type 2 diabetes. The majority of diabetic dogs have absolute insulin
deficiency,33-36 and there is evidence that this is often
caused by immune-mediated destruction of beta cells.29,37-39
If the criteria established for human diabetics40 are applied
to dogs, most diabetic dogs would be classified as type 1.
Inflammatory cell infiltration of pancreatic islets occurs in
46% of diabetic dogs,29 and 50% of diabetic dogs have circulating antibodies against beta cells.38,39 It is possible that
dogs with immune destruction of beta cells resemble human
patients with latent autoimmune diabetes of adults (LADA).
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Link Between Obesity and Diabetes in Dogs
Only one study has linked obesity and diabetes in dogs,
and no future epidemiological studies have been published
since 1960 examining this relationship.49 In dogs, obesity
causes insulin resistance,50-52 which leads to hyperinsulinemia
and impaired glucose tolerance.53,54 These effects are particularly pronounced when obesity is induced by feeding a
diet high in saturated fat.55 Dogs fed a high fat diet develop
insulin resistance that is not compensated for by increased
insulin secretion, resulting in more severe glucose intolerance.56 Despite the evidence that obesity causes impaired
glucose tolerance, it appears that very few dogs develop
overt type 2 diabetes as a consequence of obesity-induced
insulin resistance.
The only study to examine the effect of obesity in diabetic dogs used animals with relative insulin deficiency.53
Unfortunately, the study used mostly intact bitches.
Because 13 of the 15 diabetic dogs with residual beta cell
function were female and most, if not all, were intact
females, they most likely had diestrus-induced diabetes,
rather than type 2 diabetes.53 The study reported that obesity caused insulin resistance, resulting in hyperinsulinemia
and glucose intolerance, but these findings were confounded
by the insulin resistance that occurs in intact bitches,
which likely contributed to the insulin resistance and glucose intolerance. The effect of obesity-induced insulin
resistance cannot be separated from diestrus-induced
insulin resistance in Mattheeuw’s study. Investigation of the
role of obesity in diabetic dogs with no underlying diestrusor hyperadrenocorticism-associated insulin resistance still
needs to be performed. However, dogs with other specific
forms of diabetes and diestrus-induced diabetes would be
expected to decompensate into glucose intolerance and
overt diabetes earlier if they were obese, because of the
added insulin resistance of obesity.

WHY DO BETA CELLS FAIL?
Chronic Hypersecretion of Insulin
It is postulated that when the beta cell can no longer
provide this accelerated rate of insulin secretion to maintain
glucose tolerance it becomes ‘exhausted’.22,59 At this stage,
further increments in blood glucose concentrations are
associated with a progressive decline in insulin secretion.
Chronic hyperfunction leads to beta cell damage in part from
oxidation damage, which triggers apoptosis or programmed
cell death. Thus, constant stimulation of the pancreatic
islet is postulated to lead to ‘beta cell exhaustion’, with loss
of insulin secretory capacity, beta cell degeneration, and
eventually, overt type 2 diabetes mellitus.22,59 This capacity
to secrete insulin is thought to have a genetic basis, but is
affected by a number of factors which adversely affect beta
cell function and number, such as pancreatitis,60 amyloid
deposition,61 and certain dietary influences.62

Pancreatitis
Pancreatitis is thought to cause diabetes in approximately
one-third of diabetic dogs and obesity is a risk factor for
pancreatitis.28 Many diabetic cats have histological evidence
of pancreatitis, but only a minority have clinical signs and a
diagnosis of pancreatitis pre-mortem.60 Based on histological
evidence, the magnitude of destruction of beta cells is insufficient by itself to cause diabetes in the majority of cats,
although it likely is an additive factor contributing to loss of
beta cells.60 Whether pancreatitis is a cause or a complication
of diabetes in cats is unclear. Hypertriglyceridemia in humans
is associated with an increased incidence of pancreatitis,
and obese cats have elevated triglycerides.63

Amyloid Deposition
The hormone islet amyloid polypeptide (IAPP) or
amylin, is synthesized in pancreatic beta cells, stored
together with insulin in beta cell secretory granules, and
cosecreted with insulin.64,65 Factors that lead to excessive
insulin secretion such as the insulin resistance of obesity may
therefore also increase amylin secretion. In animals, amylin
has been shown to inhibit insulin secretion and produce
insulin resistance.66,67 However, it is currently thought that
amylin is not a major player in the insulin resistance of type
2 diabetes.
In certain species, including humans and cats, amyloid
is formed from amylin.68 In both diabetic cats and humans,
amyloid deposition in the pancreatic islets is the most consistent histological finding.69 For amyloid deposition to occur,
both a specific amino-acid sequence of amylin, and increased
local amylin concentration is required. In some diabetic
cats, a large amount of amyloid is deposited in the islets,
replacing the cells and leading to a reduction in overall beta
cell mass.61 It is theorized that overproduction of amylin
leads to increased islet amyloid deposition, progressive beta

WHAT ARE THE CONSEQUENCES
OF INSULIN RESISTANCE?
The ability of insulin-resistant individuals to compensate
for the defect in insulin sensitivity with increased insulin
secretion largely determines the degree to which their glucose
tolerance can be prevented from deteriorating.57 Glucose
tolerance remains normal in most obese subjects because
beta cells are able to augment their insulin secretory capacity
to offset the impaired insulin action. Eventually individuals
who cannot sustain this hyperinsulinemia develop hyperglycemia and impaired glucose tolerance.57 However, to
develop overt type 2 diabetes mellitus, a defect in insulin
secretion must be superimposed on the insulin resistance.
Thus, the pathogenesis of diabetes involves both insulin
resistance and concomitant beta cell dysfunction.58
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cell degeneration, loss of insulin secretory capacity, and
eventually overt diabetes.67,69 However, although islet amyloid deposition is thought to contribute to beta cell degeneration, it is generally considered to be a secondary event
occurring only after primary beta cell dysfunction. If hypersecretion of amylin is shown to accompany the hyperinsulinemia of obesity, excess amylin may result in increased
pancreatic amyloid deposition and thus exacerbate the beta
cell dysfunction. Treatment of type 2 diabetic cats with
glipizide (an oral hypoglycemic which acts to stimulate
insulin secretion), has been shown to promote islet amyloid
deposition.70 Elevated levels of amylin have been observed
in obese experimental animals.71 However, to date there
have been no studies investigating the relationship
between obesity and amylin secretion in cats.
Interestingly, although dogs also develop insulin resistance, hyperinsulinemia, and glucose intolerance with obesity,
the incidence of type 2 diabetes appears to be low in this
species.72 In contrast to dogs, cats and humans form islet
amyloid. A direct correlation has been found between the
amount of pancreatic amyloid and the degree of glucose
intolerance.73,74 It is possible that in cats and humans, this
islet amyloid deposition adds to the beta cell dysfunction
and degeneration, which underlies type 2 diabetes mellitus,
and contributes to the development of overt diabetes in
these species.
If increased insulin concentrations in obesity are shown
to be associated with increased amylin secretion and accelerated islet-amyloid deposition, methods aimed at improving
glucose metabolism and lowering insulin and amylin secretion, may slow the onset of beta cell dysfunction. Such a
development would have important implications for the
prevention and management of obesity and type 2 diabetes.

underlying low insulin sensitivity are more likely to develop
glucose intolerance with weight gain.23 Humans with
impaired glucose tolerance progress to overt diabetes at a rate
of 1 to 5% per year.82 Cats with impaired glucose tolerance
are also likely to become diabetic at a greater rate than cats
with normal glucose tolerance.

Insulin Resistance — A Survival Advantage?
Insulin resistance is widespread in human native populations and is largely genetically determined, which suggests
that insulin resistance may be an evolutionary advantage.
The ‘thrifty-gene’ theory and the ‘carnivore connection’
theories have been proposed to explain this association.62,83
The ‘thrifty-gene’ theory proposes that selective resistance to the glucose lowering, but not the fat forming effects
of insulin, facilitates the efficient conversion of energy to
fat when food is plentiful.83 Then, when food becomes
scarce, this fat store can be utilized and the insulin resistance
maintains glucose levels. If this theory were true for cats,
possessing this genotype would confer a survival advantage
in times of inconsistent or limited food supply.
In the carnivore connection theory, resistance to the
glucose lowering effects of insulin evolved during the ice
ages to maintain normoglycemia on a high-protein, lowcarbohydrate diet.62 However, inherited insulin resistance
in conjunction with physical inactivity, obesity, and consumption of excessive amounts of highly refined, easily
digestible carbohydrates puts a life-long demand on the beta
cells for excessive insulin secretion, which may eventually
result in beta cell exhaustion and diabetes.62 In contrast to
their ancestors, modern domestic cats tend to be more
obese, are less active, and may consume diets containing a
relatively high level of processed carbohydrate.5,84,85
Interestingly, these are the same changes that have
occurred in urbanized indigenous populations that have
very high incidences of insulin resistance and diabetes.62
Carnivorous animals such as the cat, which have evolved
and reproduce well on a low-carbohydrate intake, may also
be genetically insulin resistant.85

Dietary Influences
Diets rich in highly digestible carbohydrate and excess
calories increase the demand for insulin secretion and may
contribute to beta cell failure.62 Studies in normal cats show
that feeding a high protein diet lowers glucose concentrations by 15–20% compared to a high carbohydrate diet.75
High fat diets have been shown to produce higher
insulin:glucose ratios suggesting reduced insulin sensitivity.75
Ingestion of certain forms of carbohydrate, such as rice,
have been shown to increase the demand for insulin in dogs
and cats, and could potentially contribute to beta cell failure
in susceptible cats when fed long-term.76,77

Obesity
In cats, dogs and humans, obesity significantly reduces
insulin sensitivity and results in hyperinsulinemia.23,24 Even
small increases in the body mass index and the size of fat
cells in humans is associated with a significant increase in
the risk of developing diabetes mellitus.86 Also, the longer
the duration of the obesity in humans, the greater the risk
of diabetes.87
The pattern of fat deposition in obese humans also influences the severity of the insulin resistance. Individuals with
deposition of fat in the abdomen (central or android obesity),
are more insulin resistant and at more risk of diabetes than
equally obese subjects with predominantly lower-body obesity
(peripheral or gynoid obesity).88,89 There are no studies
investigating the effect of fat distribution on diabetes
prevalence in cats.

CAUSES OF INSULIN RESISTANCE
Genetics
In humans, insulin resistance is genetically determined
but is worsened by environmental factors such as stress,
obesity, and physical inactivity.22,78-81 A genetic predisposition to insulin resistance is yet to be documented in cats;
however, we have shown that normal weight cats with
The Role of Nutrition in Weight Management—TNAVC 2003
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chromium.102 Supplementing feline diets with chromium
may therefore be beneficial in retarding the onset of glucose
intolerance in obese cats, and aid in preventing the progression of type 2 diabetes.
Chromium incorporated into the diet has been shown
to increase the clearance rate of glucose from the blood by
approximately 10% in healthy dogs.103 It would theoretically
be a useful adjunct to exogenous insulin therapy in diabetic
dogs, but treatment with chromium in pill form has not been
found to improve glycemic control in insulin-treated dogs.104

Physical Inactivity
In humans, physical inactivity is a significant risk factor
for the development of insulin resistance and diabetes
directly via decreased insulin sensitivity, and indirectly by
contributing to obesity.81 In cats, physical inactivity is a risk
factor for obesity, and probably for diabetes.90 Modern
domestic cats are relatively inactive compared to feral cats.
They no longer need to hunt for food and are generally
more confined with limited opportunities to exercise.

Gender
In both Australia and North America, more diabetic
cats are males.7 We have shown that lean male cats have
37% lower insulin sensitivity than lean female cats and
with weight gain, insulin concentrations were significantly
increased only in male cats.23 Male cats also gained more
weight relative to females, and this, combined with their
tendency to have lower insulin sensitivity and higher
insulin concentrations, may explain why male cats are more
at risk for diabetes.

MOLECULAR LINK BETWEEN
OBESITY AND INSULIN RESISTANCE
The molecular mechanism behind obesity-induced
insulin resistance is still unknown. Current theories focus
on the adipocyte. The adipocyte is an endocrine organ
responsible for production of many proteins, collectively
labelled adipokines, that are crucial for the regulation of
energy balance.
Uptake of glucose into tissues occurs by transporter
proteins (GLUTs), most of which are influenced by insulin.
Insulin binds to the insulin receptor on the membrane of fat
and muscle cells.105,106 This stimulates glucose transporter
proteins to move across the intracellular compartment to
the cell membrane to transport glucose into the cell
(Figure 1). The primary glucose transporter responsible for
glucose uptake in fat and muscle cells is GLUT4.105
Defects in glucose transportation into fat and muscle cells
reduces glucose uptake and contributes to insulin resistance.

Pharmaceutical
Long-term corticosteroid or progestin administration is
known to contribute to the development of obesity and precipitate diabetes in some cats91,92 and dogs.41,43 They may
also decrease insulin sensitivity directly.

Glucose Toxicity
Once persistent marked hyperglycemia occurs, insulin
secretion is further suppressed by the phenomenon of glucose
toxicity. Persistent hyperglycemia also contributes to the
insulin resistance seen in type 2 diabetes.93 In cats, marked
suppression of insulin secretion occurs within days when
hyperglycemia is present, further compromising the effect
of insulin resistance and inadequate insulin secretion.94
Glucose toxicity is also a potent suppressor of insulin secretion in dogs.95

INSULIN RESISTANCE AND GLUCOSE
TRANSPORTERS (GLUT4)
In insulin-resistant states such as obesity and type 2
diabetes, GLUT4 concentrations are decreased in adipose
tissue, but preserved in muscle cells.107,108 In a recent study,
mice bred with reduced GLUT4 concentrations in their
adipose tissue became insulin resistant in muscle cells as
well as adipoctyes.109 This indicates that reduced GLUT4
activity is associated with impaired insulin action in muscle
and fat.105 Researchers hypothesised that a soluble molecule
was released from adipocytes with impaired glucose uptake,
which reduced insulin sensitivity in muscle cells.109
GLUT4 activity may be reduced for a number of reasons.
Mutations in glucose transporters occur but are rare.
GLUT4 activity is reduced when insulin concentrations are
low, or there are circulating factors which impair insulin
action, such as free fatty acids and tumor necrosing factor
α.105 Production of GLUT4 is decreased in insulin-resistant
states. Impaired movement of GLUT4 to the cell membrane
occurs when insulin concentrations are reduced leading to
insufficient insulin stimulus. Primary abnormalities directly
involving GLUT4 translocation also impair movement of
GLUT4.105

Sub-clinical Chromium Deficiency
Chromium is an essential trace element required for
normal carbohydrate and lipid metabolism.96 Deficiency of
chromium in humans leads to the development of hyperglycemia, impaired glucose tolerance and insulin resistance,
which is reversed by administration of chromium.97-99 It is
thought that chromium increases or potentiates insulin
activity, thereby improving glucose uptake and utilization
and lowering glucose levels.100
Only individuals with sub-optimal chromium nutrition
may be expected to respond to supplementation, as chromium
is recognized as an essential nutrient and not a therapeutic
drug.100 However, marginal chromium deficiency is widespread in humans in western society,101 and may also be
present in cats. We recently demonstrated a small but significant, dose dependent improvement in glucose tolerance
in healthy, non-obese cats supplemented with dietary
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circulating plasma leptin and insulin resistance in cats.116
However, it is unclear whether leptin is casually involved in
this relationship.
Increased secretion of leptin is postulated to be a mechanism by which weight gain causes insulin resistance.117 In
isolated rat adipocytes, leptin indirectly impaired important
metabolic actions of insulin including stimulation of glucose
transport, glycogen synthesis, fat deposition, and protein
synthesis.118 Fat cells regained full insulin sensitivity a few
hours after leptin removal.118 Leptin also inhibits insulin
receptors on rat adipocytes.119 Leptin receptors are found on
pancreatic beta cells, indicating that leptin may directly
effect insulin secretion.120
If these effects are also present in vivo, they represent
mechanisms by which increased leptin levels could contribute
to the pathogenesis of insulin resistance in obesity, and
therefore type 2 diabetes mellitus.

HORMONAL MECHANISMS FOR INSULIN
RESISTANCE IN OBESITY — THE ADIPOKINES
Adipokines have regulatory roles in lipid metabolism,
feeding behaviour, energy balance and glucose homeostasis,
including insulin sensitivity. Despite numerous studies there
is still much controversy about the action of each hormone.
A brief description of each of the major adipokines involved
in the regulation of glucose homeostasis is included in this
synopsis (Figure 2). There are numerous other adipokines
that to a lesser extent also affect insulin resistance and glucose tolerance (plasminogen activator-inhibitor (PAI-1),
adipsin and interleukin-6 (IL-6)).

Resistin
Obese Mouse

Fat Cell Formation

Adiponectin (APM1, Acrp30 or adipoQ)

Resistin
Secretion

Adiponectin is an adipokine which improves insulinsensitivity and glucose tolerance.121-123 When injected into
diabetic mice, it directly improved diabetes.124 Adiponectin
increased oxidation of free fatty acids in muscle,123,124
increased clearance of free fatty acids from plasma,125 and
inhibited glucose release from liver cells.121
Chronic insulin administration markedly suppressed
adiponectin concentrations in mice.123 Therefore, conditions
which increase insulin concentrations such as exogenous
insulin therapy, insulin resistance, and obesity are postulated
to decrease secretion of adiponectin, and may contribute to
insulin resistance.123 In the late stages of type 2 diabetes
when insulin secretion is reduced, tumor necrosing factor
(TNFα) rather than insulin may be responsible for low
adiponectin concentrations.123 Interestingly, adiponectin also
reduces TNFα concentrations.126 This mutual inhibition is
thought to result from their strong structural resemblance,
which may allow the two molecules to bind to each other’s
receptors on the fat cell.126
Nutrition also directly influences adiponectin concentrations. Mice fed a diet high in fat had lower adiponectin
concentrations and higher TNFα concentrations than mice
fed a diet high in carbohydrates.124 This indicates that a
high-fat diet may predispose to insulin resistance by reducing
adiponectin concentrations.
Importantly, insulin resistance is reversed by physiological doses of adiponectin and leptin, but only partially by
either adiponectin or leptin alone.124 This exciting finding
demonstrates adiponectin’s potential therapeutic value for
prevention and/or treatment of insulin resistance and type
2 diabetes.

Insulin
Resistance

Resistin
Administration

Normal
Mouse

Impaired
Glucose Tolerance
Impaired
Insulin Action

Figure 2. A schematic representation of the effects of the adipocytesecreted signalling molecule, resistin. With increasing fat cell formation
as occurs in obesity, resistin levels are increased and appear to antagonize insulin actions in other tissues, that is, cause insulin resistance.
In normal mice, administration of resistin impairs glucose tolerance
and insulin action.

Tumor Necrosing Factor (TNFα)
Tumor necrosing factor a is an inflammatory cytokine
that has a potent inhibitory effect on insulin activity in
muscle and adipocytes. Tumor necrosing factor concentrations are increased in several animal models of obesity
including genetically obese Zucker (fa/fa) rats.110 In these rats,
administration of monoclonal antibodies neutralized TNFα
activity, and resulted in improved insulin sensitivity.111
Cellular mechanisms thought to be responsible for insulin
resistance induced by TNFα include reduced glucose transport stimulated by insulin and increased lipolysis.112

Leptin
Leptin is the product of the ob gene and is important
for regulation of body weight, food intake, and energy
expenditure.113 Leptin concentrations are increased in obesity and are proportional to percent body fat in humans,114,115
rodents, and cats. There is a strong relationship between
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Resistin
In 2000 a new molecule, ‘resistin’, was identified and
proposed to be the hormonal link between obesity and
insulin resistance.127 The discovery of resistin followed the
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supplementation in obese cats during a weight loss program
increased the rate of fatty acid oxidation and accelerated
the rate of weight loss, possibly via increasing energy utilization.134 Carnitine supplementation promotes maintenance
of lean body mass during weight reduction in obese dogs.135,136
Even when fed ad libitum, a low-fat diet supplemented with
carnitine resulted in significant weight reduction and loss
of body fat mass over 7 weeks in dogs.135,136 Feeding a lowprotein, high-carbohydrate diet to cats produced hyperinsulinemia and decreased NEFA (non-esterified fatty acid)
mobilization compared to feeding a high-protein, low-carbohydrate diet.137 The inclusion of dietary fermentable fiber to
the diets of obese cats may aid in improving glucose metabolism as well as inducing satiety, thus preventing weight
gain.138,139 Fermentation of fiber by intestinal bacteria produces short-chain fatty acids which, in turn, stimulate the
release of proglucagon from intestinal lining cells. Pro-glucagon is further broken down to glucagon-like peptide-1
(GLP-1) which increases insulin secretion and suppresses
appetite in humans.139

intriguing finding that the insulin sensitizing drug, troglitizone, which increases glucose uptake in muscle cells, was only
effective in the presence of adipocytes. Plasma concentrations
of resistin are increased in obese mice. Neutralization of the
effect of resistin using anti-resistin immunoglobulin-γ (Ig-G),
reduced hyperglycemia and improved insulin sensitivity in
obese mice.128 In normal mice, administration of resistin
impaired glucose tolerance and insulin action. Resistin
antagonizes insulin-stimulated glucose uptake into cultured
adipocytes.
Although resistin appears to be an important factor in
insulin resistance in rodents, it is not expressed or expressed
at extremely low concentrations in human muscle or fat
cells.129 Resistin concentrations in fat cells from morbidly
obese individuals are reported to be increased compared to
lean individuals.130 However, there is no correlation
between body mass index in human fat cells and resistin
concentrations.130 This suggests that at least in humans,
resistin is not the key link between obesity and insulin
resistance.130 However, further studies are needed to clarify
resistin’s biological role in glucose homeostasis and the reasons for resistin’s inter-species differences.

Pharmacological
There are a number of pharmacological agents currently
available for use in humans to reduce insulin resistance and
hyperinsulinemia, including metformin and the thiazolidinediones. These have not been tested in obese cats with
impaired glucose tolerance to determine if they reduce the
risk of developing diabetes. If resistin, tumor necrosing factor,
and other adipokines are proven to be the key link between
obesity and diabetes, blocking agents are likely to be an
important therapy in the future.

FUTURE STRATEGIES
Dietary Manipulations to Decrease
Hyperinsulinemia, Improve Insulin
Sensitivity, and Decrease Obesity
Research has shown that as well as the amount of
dietary carbohydrate, the source and processing methods
also influence insulin secretion. Feeding a high-protein,
moderate-carbohydrate diet resulted in lower glucose concentrations and a trend for lower insulin concentrations than
a high-carbohydrate, moderate-protein diet in cats. This may
be a useful strategy for helping prevent beta cell burnout in
cats predisposed to diabetes mellitus by underlying low
insulin sensitivity. In cats and dogs, certain carbohydrates,
including rice, have been shown to have a higher glycemic
index, compared to sorghum or corn; that is, they producea
larger post-prandial glucose and insulin rise.76 Furthermore,
a study in humans showed that the higher the insulin
response to a given carbohydrate, the lower the satiety, and
subsequently, the greater the food intake.131 Feeding cats a
diet containing a starch which produced the lowest insulin
secretory response, reduced insulin secretion, food intake,
and associated weight gain, and when fed long-term may
retard the onset of ‘beta cell burnout’.132 Such a diet may
significantly affect the risk of obesity and diabetes in cats.
Several other dietary manipulations aimed at preventing
or treating obesity and diabetes have recently been investigated in cats and dogs with promising results. These include
vitamin A and carnitine supplementation, in addition to
protein and fiber sources.
Studies have shown that cats supplemented with vitamin
A resist weight gain following a high-fat diet.133 Carnitine

CONTROVERSY
In humans, there is considerable debate as to whether
insulin resistance or beta cell dysfunction is the primary
abnormality in type 2 diabetes. In the traditional scenario
outlined in this review, beta cell dysfunction is secondary to
weight gain and insulin resistance in the pathogenesis of
type 2 diabetes in humans. However, recent studies suggest
that beta cell dysfunction may actually play an early, key
role in the development of type 2 diabetes, and even in
obesity and insulin resistance. Centrally, insulin inhibits
food intake via inhibiting the expression of hypothalamic
neuropeptide-Y (a potent stimulator of food intake), as well
as stimulating fat oxidation. Therefore, reduced insulin
secretion may also contribute to obesity due to inadequate
suppression of neuropeptide-Y. Chen et al. identified a subset
of Japanese Americans at risk for type 2 diabetes, who clearly
develop insulin secretory defects before an increase of intraabdominal fat.140 As these ‘at risk’ individuals grow older or
acquire other risk factors, they develop insulin resistance.
When insulin resistance is combined with inadequate
insulin secretion it leads to intra-abdominal fat accumulation,
thus further aggravating the insulin resistance.
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CONCLUSION
Obesity is a major risk factor for the development of type
2 diabetes mellitus in both humans and cats. In contrast,
obesity is not recognized as a risk factor for type 1 diabetes
in dogs or humans. Although dogs have not yet been
reported to develop overt type 2 diabetes, approximately
one-third of diabetes in dogs is caused by pancreatitis, for
which obesity is a recognized risk factor. Obese cats and
dogs become resistant to insulin-stimulated glucose uptake
and utilization. The major mechanism by which obesity
causes insulin resistance is currently unknown, although a
number of factors have been identified, including reduced
glucose transport into adipocytes. Increased concentrations
of circulating leptin secreted from adipose tissue may contribute to the induced insulin resistance. Resistin, tumor
necrosing factor or other adipokines may prove to be the
key mechanism by which excess adiposity leads to insulin
resistance; however, further research into adipokine action
is required.
With the insulin resistance of obesity, glucose tolerance
initially remains normal as the beta cell increases insulin
secretion to offset impaired insulin action. Therefore, obese
cats and dogs initially become hyperinsulinemic while
maintaining normal fasting glucose concentrations.
Eventually, some cats and dogs can no longer compensate
for the reduced insulin sensitivity and glucose intolerance
develops. However, for overt type 2 diabetes to develop, a
defect in insulin secretion must be superimposed upon
insulin resistance. This appears to occur in cats, but not
dogs, and may be associated with islet amyloid deposition.
In type 2 diabetes constant stimulation of pancreatic
beta cells as a result of insulin resistance is postulated to
eventually lead to ‘beta cell exhaustion’. This is associated
with beta cell damage, in part from oxidation damage,
which triggers apoptosis and leads to beta cell degeneration
and loss of insulin secretory capacity. Once persistent
marked hyperglycemia occurs, insulin secretion is further
suppressed by the phenomenon of glucose toxicity.
Amyloid deposition in cats and humans contributes to beta
cell loss and the development of overt diabetes mellitus.
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their ideal body weight, with lameness due to osteoarthritis
of the hip joint were included. Evaluation of assessment
scores of lameness were collected using numerical rating
and visual analogue scales. The dogs were then fed a diet
which provided 60% of maintenance calories for current
body weight. Subjective assessment scores were repeated at
the mid-point of the weight-loss period and at the end of
the 10 to 19 week weight-loss period. A loss between 11
and 18% of initial body weight was identified. Time had a
significant effect on body weight, body condition score, and
lameness scores. There was a significant linear decrease in
body weight and a significant improvement in body condition
score and lameness over time. No dog was withdrawn from
the study because of lameness deterioration. Results of the
study highlight the benefit of moderate weight loss on signs
of lameness due to hip osteoarthritis in medium to large
breed senior dogs.1

The Effect
of Weight
Reduction in
Overweight Dogs
with Hip
Osteoarthritis

BACKGROUND
Osteoarthritis is a common disease in dogs and our
understanding of the diagnosis and management of dogs
with osteoarthritis is still developing. Veterinarians often
consider osteoarthritis as a specific disease entity, when it
should be thought of as a disease process. Although many
etiologic factors can initiate disease development, they all
result in the common disease process of osteoarthritis.
The main diagnostic test for osteoarthritis is radiography
and radiographic diagnosis of osteoarthritis is based upon the
classic features of joint effusion, periarticular osteophyte formation, subchondral bone sclerosis and altered joint shape
(Figures 1 and 2). Radiographic screening of joints such as
the elbow, shoulder, stifle and hip will often reveal a high
prevalence of osteoarthritic change, particularly in certain
breeds of pedigree dogs in which developmental joint disease,
such as hip dysplasia or elbow dysplasia, is common. However,
many of these dogs will have no clinical signs of joint disease.
In human beings, it is recognized that radiographic change
is not a good marker for clinical outcome.2
Age-related joint change is likely to explain much of
the osteoarthritis that can be identified radiographically in
dogs.3-4 However, in contrast to human beings, epidemiological data is limited in evaluating the effect of age on
osteoarthritis in dogs. Joint stresses associated with cyclic
loading can lead to development of osteoarthritis with time
and if cyclic loading is excessive, or occurs at high stresses,
development of osteoarthritis may be more rapid.4 Impact
loads from a fall or other trauma also may induce damage in
subchondral bone and cartilage leading to osteoarthritis.5
Although incipient osteoarthritis is identified frequently
in dogs, there is limited data examining risk factors for disease
progression to severe osteoarthritis associated with lameness.
This is in contrast to human beings where there has been
much epidemiological study of osteoarthritis and it is well
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ABSTRACT
The purpose of this study was to evaluate prospectively
the effect of weight reduction on lameness as a component
of pelvic limb function in overweight dogs secondary to hip
osteoarthritis. Nine client-owned dogs, at least 10% over

33

The Role of Nutrition in Weight Management—TNAVC 2003

Figure 2. Ventrodorsal radiographic view of the pelvis of a dog with
hip osteoarthritis secondary to hip dysplasia. The classic features of
osteoarthritis are visible, including periarticular osteophyte formation,
subchondral bone sclerosis and altered joint shape.

Various joints can differ in their susceptibility to
osteoarthritis and to the risk and rate of disease progression.
Factors that might explain this phenomenon include differences in joint motion, cartilage thickness, congruency, and
mechanical forces.16 In order to evaluate obesity as a factor
affecting clinical statement of osteoarthritis in dogs, we
wished to study further this potential relationship in a naturally occurring canine osteoarthritis model. Therefore, we
chose to study pelvic limb lameness in dogs with hip
osteoarthritis because osteoarthritis of the hip joint is an
important cause of lameness in dogs of all ages.17
Hip osteoarthritis most often develops secondary to hip
dysplasia in dogs18 and joint laxity in dysplastic dogs has
been shown to be an important risk factor for development
of hip osteoarthritis.19 Hip osteoarthritis in dogs can have a
wide range of clinical severity and clinical signs and often is
sufficiently severe to warrant surgical or medical treatment,
such as total hip replacement or use of non-steroidal antiinflammatory drugs.
Many dogs with lameness because of hip osteoarthritis
are overweight. Although long-term objective analysis of
results of medical treatment of immature dogs with hip dysplasia has been published,20 alterations to lameness severity
in overweight dogs with hip osteoarthritis as weight is lost
have not been described. However, it is known that limited
food consumption to maintain optimal weight during
growth and during adulthood does reduce development and
severity of hip osteoarthritis measured radiographically in
hip dysplasia susceptible dogs.17 Our hypothesis was that
lameness severity in overweight dogs with hip osteoarthritis
would be significantly influenced by body condition.

Figure 1. Radiographic diagnosis of osteoarthritis is based upon
the classic features of joint effusion, periarticular osteophyte
formation, subchondral bone sclerosis, and altered joint shape.

accepted that factors, such as obesity and physical activity,
are important determinants of risk of initiation of osteoarthritis and also the risk of disease progression.6 Because
radiographic evaluation of osteoarthritis is a poor marker for
clinical significance and disease progression, use of various
biochemical markers in synovial fluid and serum has been
widely studied in human beings and is beginning to be studied in dogs.7 Markers, such as cartilage oligomeric matrix
protein8 may well prove to be superior to radiography for
determining the risk of disease progression in dogs. Pathological change in subchondral bone is currently considered an
important part of the pathogenesis of osteoarthritis, particularly for risk of disease progression.4,9 Therefore, markers
of pathological change in periarticular bone, such as serum
markers of bone turnover,10 or measurement of subchondral
bone mineral density 4,11 may also become important for
assessment of dogs with osteoarthritis.
The incidence of obesity in the canine population is
not well defined, but has been estimated at approximately
25% of the population12-13 and obesity is considered to be
the most common nutritional disease of dogs.14 While data
describing the impact of obesity on the prevalence of
osteoarthritis and the risk of disease progression in dogs are
not available, obesity is recognized as an important factor
influencing the clinical statement of osteoarthritis in
human beings (Figure 3).6,15
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decrease in lameness can be achieved by weight loss alone.
Management of dogs with clinical signs of joint dysfunction
because of hip osteoarthritis should be individualized and
tailored to the severity of the clinical disease.23 In dogs with
mild clinical signs, treatment should be limited to client
education, maintenance of an optimal activity level and
normalization of body weight. A satisfactory rate of weight
loss was achieved in the dogs of this report using the
Eukanuba Veterinary Diets® Restricted-Calorie™/Canine
diet when fed according to the manufacturer’s instructions
at 60% of maintenance calories for current body weight.
In dogs which are unresponsive to this treatment, due
to lack of compliance or other factors, use of a non-steroidal
anti-inflammatory drug is appropriate, unless it is medically
contraindicated. Dogs with severe clinical signs because of
hip osteoarthritis require more aggressive treatment for
decreasing pain and increasing mobility, such as total hip
replacement surgery. Increased emphasis should be placed
on normalization of body weight in dogs with hip
osteoarthritis.
Normalization of the body weight of the osteoarthritis
patient has the potential to reduce the risk of disease progression with time, whereas current medical treatments
available for the management of dogs with osteoarthritis
are primarily symptomatic. Longer drug treatment courses,
using non-steroidal anti-inflammatory medication, should
not be given without using a concurrent nutritional program
to normalize the patient’s body weight. Many overweight
dogs with lameness because of hip osteoarthritis may not
require drug treatment after excess weight has been lost.
Weight loss in dogs can sometimes be difficult to
achieve because of poor owner compliance. A weekly
“weigh in” and weight loss chart can effectively monitor
patients and adjust food quantity to help make the weight
loss program successful. Twice daily feeding with a set feeding
time in which the food bowl is removed after 20 minutes,
coupled with controlled snack portions and exercise can
also be helpful in guiding clients to successful weight loss in
their pets. (Figures 4 and 5)

Figure 3. The incidence of obesity in the canine population has been
estimated at 25% of the population and is considered to be the most
common nutritional disease of dogs.

MATERIALS AND METHODS
Nine dogs at least 10% overweight (range 11 to 12%)
with pelvic limb lameness and both clinical and radiographic
evidence of hip osteoarthritis were placed on Eukanuba
Veterinary Diets® Nutritional Weight Loss Formula™
Restricted-Calorie™/Canine (The Iams Company, Dayton,
OH, USA) fed at 60% of maintenance for current body
weight. Body condition and lameness were assessed using
numerical rating (NRS) and visual analogue scales
(VAS).21 Data were recorded before weight loss, at the mid
point of weight loss and at the end of the weight loss period
by one investigator (JI). Dogs were evaluated until at least
10% loss of body weight occurred. Repeated-measures
analysis-of-variance and the Friedman test were used to
evaluate the effect of time on lameness and body condition.
Differences were considered significant at P<.05.

RESULTS
Mean weight before loss was 39.0 ± 12.0 kg. Weight
loss ranged from 11 to 18%. Weight loss periods ranged
from 10 to 19 weeks. There was a significant linear decrease
in body weight over time (P<.001) and a significant
improvement in body condition score (P<.05). NRS lameness scores improved significantly with time (P<.05) and
there was also a linear improvement in VAS scores with
time (P<.005). Overall, there was a 76% improvement in
VAS lameness scores over the study period.22

FUTURE EFFORTS
The finding that lameness severity in overweight dogs
with hip osteoarthritis is associated with body condition is an
important result, because osteoarthritis is a common disease
of overweight dogs and because little is known about the
effect of weight loss as a treatment for osteoarthritis in
either human beings6 or dogs. Because development and
progression of osteoarthritis is known to be different in different joints, this effect should be studied in other canine
joints which are at high risk of developing osteoarthritis,
such as the stifle and elbow.
Alterations in the body condition of the dogs of this
report were assessed principally by change in body weight
and change in body condition score. Change in girth can be

CLINICAL PERSPECTIVE IN THE MANAGEMENT
OF DOGS WITH HIP OSTEOARTHRITIS
Data from this study support the hypothesis that lameness severity in overweight dogs with hip osteoarthritis is
associated with body condition and that a significant
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used also as a simple objective measure of change in body
condition. Because there is evidence that change in body
fat is more closely related to symptomatic relief of
osteoarthritic pain in humans, compared with changes in
body weight,24 it would be important to assess alterations in
body fat in future canine studies. Loss of soft tissue (lean body
mass) as well as fat can occur during weight loss.25 Use of carnitine supplementation during weight loss has been shown
recently to promote loss of fat and help preserve lean body
mass during weight loss26-27 Techniques, such as dual-energy
x-ray absorptiometry, may well prove useful for longitudinal
repeated assessment of body fat in dogs in future studies.26-28
Both VAS and NRS are reproducible methods for lameness assessment in animals.21 However, the VAS is a more
sensitive assessment method.21 Because the NRS divisions
do not necessarily reflect equal increases in lameness, the
scales are not interchangeable.21 Although lameness in this
study was assessed only by clinical observation, in future
work, objective assessment of lameness could be performed
by force-plate analysis-of-gait.
Although there is clear evidence in human beings that
obesity is a significant risk factor for the development and
progression of osteoarthritis, the mechanism for this is
unclear.6 The clinical effect demonstrated in this study may
be due to altered mechanical loading of joints. Excess body
weight will increase joint stresses in weight-bearing joints
and excessive cyclic stresses could contribute to degradation
of articular cartilage and to remodeling of subchondral
bone.9 Because obesity is known also to be a risk factor for
osteoarthritis of the hand,15 mechanisms, such as metabolic
alterations as a consequence of adiposity, may also be
important risk factors for development of osteoarthritis.

Figure 4.
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Obesity is defined as an excess of 15 to 20% over the
ideal body weight.7,9 The ideal body weight is somewhat of
a subjective determination. In most cases, the body weight
of the pets during their first year of age is a good reflection
of their ideal weight. A body condition scoring system introduced by Edney and Smith is an important clinical tool to
assess the obesity status of an animal. Alternatively, other
methods to assess body composition such as absorptiometry
are available to the researcher.
The risk factors that can lead to obesity are slightly different between dogs and cats but include neutering, confined
lifestyle, inactivity, competitive eating with other pets,
attempts to please the owner (which leads to increased food
intake), breed, aging, gender, and pet owner lifestyle.1,7
Commercial dry foods are also considered a risk factor for
obesity possibly due to their increased palatability.2,6 The
determination of the underlining cause of the obesity in a
patient is critical to the success of the treatment.
As with humans, obesity is associated with several diseases and abnormal conditions in pets. Obese dogs are more
susceptible to cardiac diseases, skeletal stresses, skin problems, reproductive problems, reduced resistance to infectious
diseases, thyroid dysfunction, and diabetes mellitus.1,5,10
Obese cats have been associated with hepatic lipidosis,2,7,9
feline urological syndrome,11,12 diabetes,13-15 impaired glucose
tolerance and altered insulin response to glucose infusion,16
and skin problems from difficulties in self-grooming.7,17
Obesity is also clinically associated with constipation, dystocia, and articular/locomotor problems. Obesity increases the
risk of complications during anesthesia and intra-abdominal
surgery and leads to a higher rate of post-surgical wound
dehiscence.2,7 Furthermore, obesity interferes with veterinary
examination and diagnostic procedures, such as auscultation,
abdominal palpation, radiography, and ultrasound. The high
prevalence of obesity combined with the associated health
risks indicates that a large segment of the pet population is in
need of nutritional management to overcome this problem.
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POSTPRANDIAL GLUCOSE PEAK
AND ROLE OF GLUCOSE MANAGEMENT
The ingestion of food results in a postprandial increase
in blood glucose followed by an increase in blood insulin
levels. The postprandial glucose response can be modulated
by the type of food ingested. Additionally, a number of conditions or life stages can impair the postprandial glucose
response. Diabetes, obesity, gestation, and aging are examples
of such conditions or life stages. One of the primary concerns
with overweight pets is their abnormal glucose metabolism.
Obesity and poor glucose metabolism are strongly associated
in pets.8,18,19 This association is also well-established in
humans.20 Dogs and cats with impaired glucose control
have difficulty in storing blood glucose, and glucose levels
remain higher for longer periods of time than in normal
individuals. Therefore, to re-establish a state of normalcy

INTRODUCTION
Obesity is an insidious and gradual process. It results in
small cumulative imbalances between energy intake and
expenditure leading to an overall positive energy balance
and the buildup of adipose tissue. Obesity is the most common nutritional disease in pets in affluent and urbanized
societies. Approximately 20 to 44% of the pet population is
considered overweight.1-7 In fact, cat obesity status can be
easily overlooked, because the excess of adipose tissue is
often located intra-abdominally and cranial to the inguinal
area forming an apron.2,8 Regardless of the species, obesity
occurs over years and generally remains undetected by the
owners until it is well established.
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more quickly in these individuals, diets which minimize the
postprandial glucose response should be sought. In fact,
foods which elicit low postprandial (glycemic) responses
are considered beneficial, not only in animal subjects with
metabolic diseases, but also in healthy human subjects.21

rice recipes.38 In humans, barley had the lowest glycemic
index when compared to other starch sources such as corn,
wheat, rice, and millet.34

SOURCE OF STARCH AND
GLUCOSE MANAGEMENT

These findings suggest that the source of starch influences the postprandial glucose and insulin response in monogastric animals and humans. However, little information is
known about the influence of starch source on glucose control in dogs and cats. Since carbohydrates are a significant
portion of the daily diet of dogs and cats, we designed two
cross-over replicate studies to evaluate the glycemic
response of diets containing corn, wheat, barley, rice, or
sorghum as a chief source of energy (starch) in 30 weight
stable, clinically normal, adult dogs and cats. The dogs and
cats were housed individually according to AAALAC standards. All procedures were reviewed and approved by the
Institutional Animal Care and Use Committee and the
dogs and cats were treated humanely and ethically during
the entire study period.
Each replicate lasted a minimum of 2 weeks and a
glycemic response test was performed at the end of each
replicate. During the first replicate, the dogs and cats were
randomized into 1 of 5 dietary treatment groups of 6 animals
each. The dogs and cats were re-randomized and assigned to
a different experimental diet for the second and third (cats
only) replicates. The cats were fasted for 24 hours, prior to
the initiation of the glycemic challenge, to aseptically
introduce a jugular catheter under mild sedation. The dogs
were not fasted nor sedated since a cephalic catheter was
introduced aseptically the morning of the challenge.
Immediately following the collection of 2 baseline blood
samples approximately 10 minutes apart, the dogs and cats
were fed an amount of food based on their body weight and
allowed a maximum of 15 minutes to eat the experimental
diets. Time 0 corresponded to the end of the food intake.
For the cats, the postprandial blood samples were collected
at 1, 2, 4, 6, 8, 10, 12, 15, and 18 hours after the food was
consumed. For the dogs, the postprandial blood samples were
collected at 10, 20, 30, 45, 60, 120, 180, and 240 minutes
after the food was consumed. The extracted heparinized
plasma was assayed for glucose and insulin.
During the stabilization period, dogs and cats were fed
their respective extruded maintenance diet. The daily food
intake was adjusted for each animal during this period to
stabilize body weights. The five experimental diets were
formulated to contain a similar starch content so that
glycemic response was not influenced by differences in carbohydrate intake. Evaluation of the carbohydrate sources in
a complete diet matrix was also a consideration. To achieve
this, protein levels needed to vary considerably while fat
levels were at similar levels. The protein, fat, and starch
concentration across all dog diets were 31.6 ± 4.5, 10.6 ±

EVALUATION OF DIFFERENT SOURCES
OF STARCHES IN DOGS AND CATS

Animal cells store glucose in the form of glycogen while
the nutritional reservoir in plants is starch. Starch is an
integral part of dog and cat diets. The primary dietary component most likely responsible for the rise in blood glucose
immediately following a meal is starch.22 Approximately 25
to 60% of a dog or cat daily caloric intake is derived from
carbohydrates. It is well documented that different sources
of starch will profoundly influence the postprandial glucose
and insulin response.23
It was originally believed that complex carbohydrates
(starches) would result in lower postprandial glucose surges
because of their slower digestion than simple carbohydrates.24
However, a number of studies evaluating the postprandial
glucose and insulin responses to both simple and complex
carbohydrate foods have contradicted this assumption.24-28
For instance, in some cases complex carbohydrates result in
comparable glycemic and insulinemic responses to simple
carbohydrates.25,26,28
Postprandial blood
The source of starch
glucose surges appear
affects the glycemic
to be regulated by
several factors in the
response in a clinically
diet such as the
relevant manner.
chemical nature of
carbohydrates, eg,
amylose and amylopectin,29,30 protein, fat,31 dietary fiber,32
and the type of processing of the food.33
In humans, the different sources of starch have been
ranked comparatively based on their glycemic response.34,35
The resulting “glycemic index” utilized white bread as the
standard and all other foods were ranked accordingly.36
These efforts have resulted in the publication of an international table of the glycemic index summarizing hundreds
of separate entries. The glycemic index and dietary levels of
carbohydrates have been used to explain approximately
90% of the reason for differences in glucose and insulin
responses to a meal.37 In vivo evaluation of a starch’s influence on blood glucose and insulin is important to determine
its influence on glucose response. No such glycemic index
has been developed for animals.
The source of starch affects the glycemic response in a
clinically relevant manner. For instance, the consumption of
whole sorghum recipes significantly reduce plasma glucose
peak levels, percent peak elevation, area under the curve
(AUC), and percent of glycemic response in diabetics when
compared to consumption of dehulled sorghum, wheat, and
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0.5, and 29.9 ± 1.4, respectively. The protein, fat, and starch
concentration across all cat diets were 36.9 ± 3.9, 11.8 ±
0.4, and 33.74 ± 1.0, respectively. The different cereal
sources were corn, wheat, barley, rice, and sorghum. The
experimental diets were processed similarly with each
starch source consisting of whole grain without the hull.
Supplementation of micronutrients was held constant
among diets since certain vitamins39,40 and minerals41,42 have
been shown to alter signs of glycemic status. Individual daily
feed allowances were based on the stabilization period intake.
Glucose and insulin levels were analyzed using the general linear model analysis of SAS system.43 The results of
glucose and insulin assays from the two baseline samples were
averaged and reported as one baseline value. Area under
the curve (AUC), AUC over 4 hour time point (AUC>4)
and AUC before 4 hour time point (AUC<4) for the glucose and insulin was calculated. Statistical significance was
considered at P<.05.
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Figure 2. Area under the curve (AUC) of postprandial glucose
response for each starch-based experimental diet evaluated in dogs.

EFFECT OF THE SOURCE OF STARCH
ON GLYCEMIC RESPONSE — DOGS

Rice diet had a significant increase (P<.05) in plasma
insulin levels at 45- and 60-minute time points over all
other experimental diets. Rice diet also resulted in a higher
(P<.05) average insulin level, insulin peak, and AUC for
insulin. Conversely, the barley diet resulted in the lowest
plasma insulin levels from 20 minutes to 240 minutes and
the lowest insulin response between average insulin and
insulin AUC. The corn, wheat, and sorghum diets were
generally intermediate for most insulin response criteria.

The rice diet resulted in higher glucose levels from 20
to 180 minutes postprandial and in the greatest (P<.05)
average glucose (Figure 1), postprandial peak, and glucose
AUC (P<.05) (Figure 2). The sorghum diet had consistently
lower postprandial plasma glucose levels than the other
diets between 20 and 60 minutes and the glucose levels
gradually increased for the remainder of the time points.
The sorghum diet also resulted in the lowest average glucose
(Figure 1) and glucose AUC (Figure 2). The glucose
response to corn, wheat, and barley were intermediate to
sorghum and rice with corn tended to yield the lowest glucose
response of the three diets.

CONCLUSION: DOG GLYCEMIC RESPONSE
The rice-based diet exacerbated the postprandial
glycemic response and resulted in a significantly higher postprandial glucose and insulin responses. Sorghum generally
resulted in the lowest postprandial glucose response while
barley resulted in the lowest postprandial insulin response.
These findings suggest that the source of starch influences
the postprandial glucose and insulin response in dogs.
Dietary recommendations for improving glucose control in
dogs should include barley and sorghum. Rice as a starch
source is contraindicated for those animals with poor glucose
control (eg, diabetes, obesity).
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EFFECT OF THE SOURCE OF STARCH
ON GLYCEMIC RESPONSE — CATS
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Dietary regimens resulted in significantly different
P<.05) glucose levels at 2, 12, and 15 hours after feeding.
At two hours postprandial, rice had a similar glucose level
to sorghum, but a significantly higher level (P<.05) than
wheat, barley, and corn. Sorghum was not different from
any other diet at two hours postprandial. At 12 hours postprandial, wheat had a significantly higher glucose level than
rice and these two diets were not different as compared to

Sorghum

Test Diets

Figure 1. Average postprandial glucose response for each starch-based
experimental diet evaluated (Average = average of baseline, 10, 20,
30, 45, 60, 120, 180, and 240-minute samples) in dogs.
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the other diets. At 15 hours postprandial, wheat, and barley
had higher (P<.05) glucose levels than rice.
Rice and sorghum yielded a faster (P<.05) time to glucose peak than barley and wheat. The glucose AUC>4 of
wheat and sorghum were larger (P<.05) than that of rice,
but not different than that of barley and corn. In summary,
all diets had similar glucose values at baseline and 18 hours
postprandial. Rice and sorghum resulted in a rapid glucose
level elevation and time to glucose peak compared to the
other diets. The glucose levels of rice declined rapidly after
the peak while the ones of sorghum declined much more
gradually. Wheat and barley resulted in a sustained postprandial glucose increase, a delayed glucose peak, but a rapid
decline after the peak. Corn had an intermediate glucose
response to the other diets.
Rice resulted in higher (P<.05) insulin levels at baseline,
1, 2, 4, and 6 hour time points than the other diets, except
for wheat, which had a similar insulin response at baseline,
2, and 6 hour time points. The insulin response for wheat,
barley, corn, and sorghum was not different for all time
points. The insulin overall average and peak for rice was
significantly higher (P<.05) than the ones of barley, corn,
and sorghum, but not different than wheat (Figure 3). The
insulin AUC<4 for rice was significantly higher (P<.05)
than the other sources of starch. In summary, rice, followed
by wheat, resulted in a higher insulin response within the
first six hours of the challenge. Barley, corn, and sorghum
did not result in a different (P>.05) insulin response for all
insulin variables measured (Figure 4).
A striking difference between cats and other monogastrics species (dogs and humans) is the long postprandial
period of glucose and insulin elevation. A normal glycemic
response in dogs and humans is completed within about 4
to 6 hours postprandial. In this study, the glycemic response
lasted 18 hours postprandial before the glucose and insulin
levels return to baseline levels. The determination of the
postprandial blood collection time points was based on several pilot studies. The pilot studies revealed that it took 18
hours for the glucose and insulin levels to return to baseline
in cats.
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Figure 3. Average time of postprandial insulin peaks for each starchbased experimental diet evaluated in cats.
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Figure 4. Average postprandial insulin response for each starch-based
experimental diet evaluated in cats.

CONCLUSION: CAT GLYCEMIC RESPONSE

response. Barley, corn, and sorghum produced a relatively
low postprandial insulin response.
Taken in sum, the glucose and insulin response indicate
that the overall glycemia status of cats is exacerbated when
rice is consumed and compared to starch sources, such as
corn, sorghum, and barley. Because of their low-insulinogenic response, dietary recommendations for improving
glucose control in cats should include barley, corn, or
sorghum as the main sources of starches for cats with
impaired glucose control.

The results of this study suggest that digestion of starch
sources is not uniform with regard to postprandial glucose
and insulin response in cats. Rice- and sorghum-based diets
resulted in an accelerated time of glucose peak and higher
early postprandial glucose levels. However, rice-based diet
differed from sorghum-based diet in that glucose levels
declined more rapidly when cats consumed rice compared
to sorghum. Wheat- and barley-based diets resulted in a sustained postprandial glucose increase, a delayed glucose peak,
but a rapid decline after the peak. Corn had an intermediate
glucose response to the other diets. Rice, in particular, but
also wheat-based diets resulted a higher postprandial insulin

Reprinted from Current Perspectives in Weight Management, presented at
the 2001 ACVIM Forum. ©The Iams Company, 2001.
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CONVENTIONAL OBESITY
MANAGEMENT PRACTICES
Traditionally, obesity has been treated through conventional methods of caloric restriction or dilution. However,
this has worked with limited success since rebound weight
gain in these animals is a problem.7 Nutritionists and veterinarians have more recently recognized that management
of obesity involves more than just regulation of excessive
intake and inactivity, but instead requires an in-depth
understanding of the physiological and metabolic factors
associated with being obese.
Historically, the use of high fiber levels in companion
animal diets formulated for weight loss have included a high
amount of dietary fiber. The rationale of caloric dilution using
high amounts of dietary fiber (~10 to 20% crude fiber) has
garnered mixed results. Unfortunately, achieving a reduction
in weight using high fiber may come at the expense of other
metabolic responses by negatively impacting nutrient digestion, glycemic response, stool volume, coat quality, etc.8-9
Utilizing novel, alternative approaches that focus on the
physiological and metabolic mechanisms linked to this
physical state are key to providing quality nutrition and
effective weight loss.

Alternative
Approaches to
Weight Loss
Sean M. Murray, PhD
Gregory D. Sunvold, PhD
Research and Development Division
The Iams Company, Lewisburg, Ohio USA

NEW APPROACHES TO
OBESITY MANAGEMENT
Carbohydrate Source
One such new approach is managing blood glucose
postprandially in dogs and cats. Improper management of
glycemic responses is associated with becoming overweight.
The source of
carbohydrate
The source of carbohydrate
in a weight
in a weight loss diet can
loss diet can
highly impact
highly impact blood glucose
blood glucose
concentrations.
concentrations. Several
studies have demonstrated the positive effects of different
carbohydrates such as barley and sorghum on glycemia.10 In
addition, Mattheeuws et al. reported that glucose as well as
insulin levels and secretion rates were related to an animal
becoming obese.11-12 Thus, choosing the appropriate source
of starch such as sorghum and barley for incorporation in a
weight loss diet will affect an animal’s glycemic status.1

INTRODUCTION
The propensity for companion animals to become
obese continues to increase each year. Several studies have
documented this rise and estimate that 25 to 44% of dogs
and 20 to 35% of cats are obese.1-6 While a majority of dogs
and cats do maintain a more normal body weight through
sustaining an optimal balance between energy intake and
energy expenditure, there is a growing subpopulation of
animals that are influenced by several predisposing factors.
Examples include excessive overfeeding, decreased activity
level, genetics, and even having an overweight owner. In
addition, pet obesity is associated with a large number of
disease states that can exacerbate this condition by negatively impacting health, wellness and longevity.

Chromium
Several other alternative nutritional approaches to
weight loss exist such as the use of chromium to aid in
increasing the clearance rate of blood glucose, to improve
body composition, and to modulate insulin function. Spears
et al. determined that chromium tripicolinate can improve
the clearance of glucose from the blood of Beagle dogs.13 A
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study conducted by Appleton et al. also determined that
chromium tripicolinate is effective in improving glucose
tolerance in normal cats at risk for developing insulin resistance due to lack of exercise and overeating, as well as in
obese cats with impaired glucose tolerance.14

Results from the study demonstrated
that a sorghum-based weight loss diet
does effectively reduce body weight and
percent body fat, while allowing for
greater accretion of lean body mass in
overweight dogs.

Fermentable Fiber
An additional way to impact weight control by influencing glycemic control is through the use of fermentable fiber.
Fermentable fibers in contrast to nonfermentable dietary
fibers traditionally used in high amounts as part of weight
loss formulas can be used in weight management diets to aid
in improving the timing of insulin secretion in response to
a glucose surge.

sorghum-based diet displayed greater percent change in
body weight from beginning to end of the ten-week weight
loss period (Figure 1).
Dogs fed the sorghum-based diet also exhibited a lower
body fat percentage in addition to a higher percentage of
lean body mass (Figures 2 and 3). Thus, results from the
study demonstrated that a sorghum-based weight loss diet
does effectively reduce body weight and percent body fat,
while allowing for greater accretion of lean body mass in
overweight dogs in comparison to rice and wheat-based
weight loss formulas.

l-Carnitine
l-Carnitine, a vitamin-like compound, helps to transport fatty acids into mitochondria for conversion to energy
which ultimately results in better body composition and
desired weight loss.
Studies conducted
Studies conducted in dogs
in dogs fed diets
fed diets supplemented
supplemented with
l-carnitine resulted
with l-carnitine resulted in
in greater weight
greater weight loss while
loss while also losalso losing fat mass.
ing fat mass compared to diets not
supplemented with l-carnitine.15 Similar results in cats
have been demonstrated by Center et al.16 These data have
proven the efficacy of l-carnitine use in weight loss diets for
dogs and cats to promote desired weight loss and improved
body composition of overweight animals.

CONCLUSION
Several alternative methods exist to manage weight loss
in overweight companion animals. The use of these novel
weight loss nutrients, in comparison to the traditional high
fiber approach, has been demonstrated to effectively treat
the underlying metabolic disturbances accompanying obesity
without giving up animal well-being and can be provided to
obese animals as part of a healthy and appropriate weight
loss program.

Vitamin A

% Change in Body Weight (Loss)

Lastly, supplementation of vitamin A as an alternative
weight loss nutrient has proven to be effective in normalizing
serum leptin levels resulting in improved weight loss in
clinically obese companion animals. Research by Scarpace
et al. demonstrated that supplementation of vitamin A lowered serum leptin levels and allowed for decreased incidence
of weight gain in overweight dogs and cats.17

PRACTICAL APPLICATIONS OF ALTERNATIVE
WEIGHT LOSS TECHNOLOGIES
A recent study was conducted to evaluate the effectiveness of practical diets for weight loss. In this study, 36 overweight dogs (~30% overweight) were randomly assigned to
one of three dietary treatments. All diets contained corn as
their primary starch source. The diets differed in their secondary carbohydrate in that diet 1 contained sorghum, diet
2 contained wheat, and diet 3 contained rice. Diets were fed
for a total of 10 weeks to determine weight loss and body
composition changes via dual energy x-ray absorptiometry
(DEXA). At the end of 10 weeks, those dogs fed the
The Role of Nutrition in Weight Management—TNAVC 2003
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Figure 1. Percent change in body weight from baseline in 36
overweight dogs fed diets containing different secondary carbohydrate sources.
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Figure 3. Percent body lean in 36 overweight dogs fed diets
containing different secondary carbohydrate sources.

Figure 2. Percent body fat in 36 overweight dogs fed diets
containing different secondary carbohydrate sources.
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