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Introduction 

 
 

Obesity is the most common nutritional 
disease in dogs, cats and humans, if we consider a 
middle-class society. This is a positive energy 
balance condition, with lipid reserve stored in 
adipose tissue in form of triglycerides, with 
deleterious health effects, which range in morbidity 
and mortality (W. J. Burkholder et al., 2000; 
German A.J., 2004; E. J. Harper, 2001). It may 
result from increased food intake, reduced physical 
activity, decreased metabolic rate or an efficient 
feed conversion (I.D. Robertson, 1999). 

Obesity is present when body weight 
exceeds 15 to 20% of the ideal weight, with 
changes in bodily physiological functions in these 
conditions (Costa & D. B. A. Alves, 2007; M. Diez 
et al., 2002). Studies indicate that 24-44% of pet 
dogs are overweight or obese. Several external 
factors influence weight gain, such as ad libitum 
feeding favoring excess food consumption, 
offering homemade food, exaggerated 
administration of snacks canines, the taste of the 
food and its caloric density, non-recognition of 
obesity by owners and physical inactivity (Lutz T. 
Rand & TS, 1993; Diez M. et al, 2002; German 
AJ, 2004; Carciofi, A.C. et al., 2005). In addition, 
there is a strong genetic influence, verified by 
striking predisposition to obesity that some 
breeds have as Labrador Retriever, Beagle, 
Dachshund, Basset hound, Cocker Spaniel, 
among others. Endocrine and metabolic 
diseases represent only 5% of the causes of 
obesity. Other risk factors include middle-aged 
and neutered dogs, being the most affected the 
females (German AJ, 2010). 

Obesity increases the risk of morbidity and 
mortality, reducing the animal's quality of life. 
Among the clinical complications associated with 
obesity stands out: tiredness, intolerance to 
exercise and heat, 

 
 
 

 
incoordination, increased predisposition to 
neoplams, infections, dermatitis, and anesthetic 
complications and metabolic disorders such as, 
diabetes and dyslipidemia (German A. J., 2004; 
Flier J. S & Foster D. W., 1998).. 

In practice, canine obesity can be 
evaluated subjectively by inspection and 
palpation of the adipose tissue along the ventral 
abdomen, ribcage and accumulation of fat 
around the tail set (Olinto et al., 2006). A study a 
little more objective it is possible, using the 
assessment of fat through the body condition 
score (BCS) with system of 5 points and the 
calculation of canine body mass index (IMCC). 
Dogs with a score of four (4.0) or five (5.0) is 
considered overweight and obese, respectively 
(Muller, D. C. M. et al, 2008; W. Burkholder J & 
Toll P. W., 2000). 

Obesity is characterized by the presence 
of various abnormalities in endocrine system, such 
as the hyperinsulinemia phenomenon and insulin 
resistance, which are closely related to various 
physiological and metabolic alterations of obese, 
such as hypertension, diabetes mellitus and 
dyslipidemia (Rand J S. et al., 2003). Obesity, 
especially abdominal, when associated with 
dyslipidemia, insulin resistance and hypertension 
features a syndrome called metabolic syndrome 
(MS). Metabolic syndrome was first described by 
Reaven (1988) in obese human patients and is 
closely associated with increased cardiovascular 
risk (Son F.R et al, 2006;. Godoy-Matos A. F., 
2005). 

Regarding the treatment of obesity, the 
main objective is to create a negative energy 
balance situation by decreasing the caloric intake 
and/or increased energy expenditure. With this 
occurs mobilization from adipose tissue of the 
animal and hence, weight loss. The specific diets 
for obesity treatment should be prescribed, 
preferably, since they are formulated to ensure a 
high nutritional content of food, and, however, 
low caloric density because it contains low fat, 
high content of dietary fiber and supplementation 
with L-carnitine, which favors the oxidation of fat 
and weight loss. The protein content should be 
higher to the maintenance ration to provide 
adequate essential amino acids and to minimize 
the loss of muscle mass (M & Diez P. Nguyen, 
2006)



	  

 

 

 

 
 
 

Objectives 
 

Therefore, this study aimed to: 
● asses the frequency of metabolic syndrome in 
obese dogs through the evidence of insulin 
resistance, hypertension and dyslipidemia; 
● evaluate the weight loss in obese dogs 
subjected to a moderate caloric restriction to the 
use of therapeutic feed Equilíbrio Veterinary 
O&D – Total Alimentos; 
● compare the metabolic and cardiovascular 
parameters such as, insulin resistance, serum 
triglycerides concentration, cholesterol and 
systemic blood pressure before and three months 
after the use of therapeutic feed. 

Material and Methods 
 

Our casuistry consisted of 10 obese dogs 
treated at the Veterinary Hospital of the University 
of Santo Amaro (UNISA) and Clinical Veterinary 
NAYA Specialties. The diagnosis of obesity was 
based on physical examination, including only dogs 
that had canine body condition score (BCS) 4 or 5 
(W. Burkholder J & Toll PW 2000) and canine body 
mass index (IMCC) above 15 kg/m² (Muller, DCM 
et al., 2008), Figures 1 and 2, Table 1. The 
abdominal circumference using a flexible tape 
measure was also measured in all animals. 

 
The canine body mass index (IMCC) is 

another way to assess the body condition of dogs 
and is an adaptation of the human body mass 
index (BMI), taking into account the standards 
and measures variables of different races and 
large amount of half-breed animals. The IMCC is 
considered a valid data and may be used in 
association with body condition score to reduce 
the subjectivity of the obesity evaluation (Muller, 
C. D. M. et al., 2008). The formula of the IMCC 
is: IMCC = weight (kg)/height (m)². 

 The height of the dog is measured using a 
tape measure, considering as reference points the 
extension of the atlanto-occipital joint, nape of the 
neck, until the rear members in the portion that 
touches the ground, passing by medial points of the 
animal, over the vertebrae and medial iliac spines 
(Figure 2). The results obtained from this 
experiment were standardized to medium-sized 
animals (10-25kg). Thus, for small pets (under 10 
kg), must subtract 10% of the calculated index, and 
large animals (over 25 kg), should add 20% to the 
value obtained by calculating of IMCC (Muller, DCM 
et al., 2008). 

 
 

Figure 2: Dog height measurement for the calculation of canine 
body mass index (IMCC). The black line represents the path of the 
tape on the spine until the limit plantar hind limb (this calculation 
does not apply to chondrodistrophic races). 

 

Condition Average IMCC condition Interval  
2 –  Under weight 10,527 kg/m² < 11,7 kg/m²  
3 – Ideal weight 13,497 kg/m² 11,8 – 15 kg/m²  
4 – Overweight 16,378 kg/m² 15,1 – 18,6 kg/m²  
5 – Obese 20,177 kg/m² > 18,7 kg/m²  
    
Table 1: In the first column are arranged the four conditions 
adopted in IMCC; the second column refers to the average data 
rate; and in the third column, the range considered for each 
condition of the IMCC (Table adapted from reference Muller, D.C. 
M et al. 2008) 

The investigation of the metabolic 
syndrome was based on the presence of obesity 
associated with at least two of the following 
changes: increase of serum triglicérides1 
concentration (> 100 mg/dL) of colesterol2 (> 270 
mg/dl), systolic3 arterial hypertension (PAS c 160 
mmHg)) 

 
 

 
 

Figure 1: Canine body condition score rating in the 
body system of 5 points (Burkholder W. J. & Toll P.  W.,  2000). 

1 Biochemical colorimetric method, Endpoint, Labtest kit 
2 Biochemical colorimetric method, Endpoint, Labtest kit 
3 Measured three times in succession through the doppler vascular cuff with 
neonatal and pediatric according to the circumference of the animal member 
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and insulin resistance evaluated by HOMA index 
(homeostasis model assessment), which takes into 
account the serum level of basal4 insuline paired 
with insulin glucose5, which has been widely used 
in human medicine (Geloneze et al. 2009) and also 
recently in dogs and cats (Xenoulis PG 2011), 
according to the following formula: HOMA score = 
[basal serum insulin (mU/L)] x [fasting blood 
glucose (mg/dl)] / 405, when it is> 2,7 indicates 
insulin resistance. 

The morphometric evaluation of the 
animals (ECC, IMCC and abdominal 
circumference) and complementary examinations 
were determined beforehand and three months 
after the institution of the low-calorie diet. All 
laboratory tests were performed at the Veterinary 
Laboratory of Clinical Analysis UNISA, São Paulo, 
with the exception of serum insulin dosage, which 
was determined in private veterinary laboratory 
(PROVET – Aratãs Unit). 

The management of obesity consisted in 
the prescription Equilíbrio Veterinary O&D feed, of 
Total Alimentos, for a period of three consecutive 
months, being prohibited the administration of any 
other food during the project. The quantity of feed 
to be ingested daily by each animal has used the 
formulas described in Table 2. 

Results 
 

 Ten obese dogs were included in this study, being 
six females and four males, seven of which were 
castrated, with mean age and standard deviation of 
7.7 ± 2.7 years and average weight of 18.8 ± 17 kg. 
Seven (70%) animals showed ECC 5.0 and three 
(30%) had ECC 4. All presented IMCC above 15 kg 
/ m², with mean and standard deviation of 20.9 ± 9, 
and an average abdominal circumference of 63.4 ± 
20,7cm. The sex, age and racial distribution of 
these animals is described in Figures 3, 4 and 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Frequency of males and females among the ten obese 
dogs (UNISA / NAYA Specialties, 2012). 

 
 

Entire 
Female
s entire 
females 

Castrated                                 
Female 

Entire 
Males 

Castrated 
Males 

80 kcal x P 0,75
 65 kcal x P 0,75

 85 kcal x P 0,75
 75 kcal x P 0,75

 

    
Table 2: Formulas used to calculate the amount of feed to be 
ingested daily by the animal during the study period (Diez M. & 
P. Nguyen 2006)... 

 
This calculation provides a moderate 

caloric restriction of 40% of REM (metabolizable 
energy requirement) with an estimated weight loss 
rate by approximately 1 to 2% per week and 4 to 
8% per month. Before the beginning of the diet, it 
was estimated subjectively and with the help of the 
owner, an ideal weight for each animal, taking into 
account the weight that the animal had with one 
year old. The amount of food has been properly 
weighed in consultation so that the owner knew 
exactly the amount that his pet would have to eat a 
day. This study was approved by the bioethics 
committee of the University of Santo Amaro. 

 
4 Insulin Coat-A-Count solid phase, Diagnostic Products Corporation, 5700 
West 96th Street, Los Angeles, CA 90045-5597 
5 Calorimetric method, kinetic of 2 points, kit Labtest 

 
 
 

Figure 4: Age distribution of the ten obese animals (UNISA / NAYA 
Specialties, 2012). 

 

 
Figure 5: Racial distribution of the ten obese animals (UNISA / 
NAYA Specialties, 2012). 
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 All obese animals were subjected to a 
moderate calorie restriction, with the exclusive use 
of Equilíbrio Veterinary O & D feed (Total 
Alimentos). The data of the initial and final weight of 
each animal, the percentage of weight loss and 
amount of daily feed during the period of three 
months are described in Table 1. 

 

Table 1: Weight loss characteristics and the daily amount of feed 

provided to each of the 10 obese dogs (UNISA/NAYA 

Especialidades, 2012). 

 

 
Figure 7: Comparison of the mean values of abdominal 
circumference of ten obese dogs before (T0) and 3 months after 
the diet (T3), (UNISA/NAYA Especialidades, 2012). 

 
 
 
 
 
 
 
 

DP =standard 
deviation 

 

 
After the institution of the reduced calorie diet, 

all animals (100%) presented weight loss, 
reduction of IMCC and waist circumference with 
statistical significance (test t student, p <0.05). 
The means and weight standard deviations, waist 
circumference and IMCC before and after three 
months of diet are shown in Table 2 and Figures 
6, 7, 8, 9A and 9B. The mean and standard 
deviation of the initial and final weight were, 
respectively, 18.8 ± 17 and 16.2 ± 14.7. The 
average weight loss during the study period was 
satisfactory, 14.4 ± 5%, ranging from 8.43% to 
22.58%, considering an ideal weight loss rate 
from 4 to 8% per month. 
Table 2: Comparison of the mean values of weight, waist 
circumference and IMCC before and three months after food 
restriction with Equilíbrio Veterinary O&D feed of Total alimentos 
(UNISA/ NAYA Especialidades, 2012). 

 
 
 
 
 
 
 
 

Figure 8: Comparison of the IMCC mean values of ten obese 
dogs before (T0) and 3 months after the diet (T3), (UNISA/NAYA 
Especialidades, 2012). 

 
Figures 9A (side view) and 9B (dorsal view): Nina, F., 7 
years, poodle, before the diet (T0) with 4,5 kg and 3 months after 
the diet (Equilíbrio Veterinary O&D) with 3,6  kg. 

 

 Weight (kg) Circumference 
abdominal (cm) 

IMCC 

 T0 T3 T0 T3 T0 T3 
Average 18,8    16,2 63,4   52,9 20,9   17,6 

DP 17 14,7 20,7   14,7 9,0 7,5 
DP = standard deviation 
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T0 T3 
Weight (kg) 

Figure 6: Comparison of the mean weight values of ten obese 
dogs before (T0) and 3 months after the diet (T3), (UNISA/NAYA 
Especialidades, 2012). 

 
 

Figure 9A 
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IMCC 

 Sex Age Race Initial 
weight
(kg) (kg) 

Weight 
loss
(%)  

 

   Teckel 9,3 7,2 22,5
8 

98     SRD 13,4 12 10,4
5 

119  
   SRD 61,5 53 13,8

2 
370  

   SRD 27,5 24,4 11,2
7 

246  
   Poodle 4,5 3,6 19,1

0 
45  

   SRD 16,2 12,7 21,5
4 

155  
  13 SRD 23,5 20,9 11,0

6 
206  

  11 SRD 20 17 15,0
0 

164  
   Poodle 7,7 6,9 10,3

9 
87  

10    4,15 3,8 8,43 42  
  7,7  18,8 16,2 14,

4 
153,2  

DP  2,7  17,0 14,7 5,0 100,7  
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ATP III), the International Diabetes Federation (IDF) 
and the World Health Organization (WHO). The 
definition of the NCEP ATP III determines the 
diagnosis of MS as the presence of any 3 of 5 
criteria: centrítepa obesity, hypertension, 
hypertriglyceridemia, HDL-C (high density 
lipoprotein cholesterol) reduced or dysglycemia. 
However, the fact of not using assessment of 
insulin resistance (IR), already including patients 
with alterations in glucose metabolism, leaves a 
large portion of potential risk patients excluded from 
the diagnosis. For WHO, the diagnosis of MS 
should be based on insulin resistance markers, as 
the HOMA index and serum basal insulin 
concentration, associated with two other factors 
such as obesity, hypertension, high levels of 
triglycerides, low HDL-C or microalbuminuria; 
emphasizing the RI as the greatest risk factor and 
considered essential for the diagnosis (Santos R.F., 
2010). 

 Thus, considering the abdominal obesity 
is a common denominator of obese dogs enrolled in 
this study (although the same has been assessed 
subjectively), the identification of the metabolic 
syndrome allows the following associations: insulin 
resistance associated with hyperlipidemia (80% of 
cases); insulin resistance associated with 
hypertension (30% of cases) and even insulin 
resistance associated with hyperlipidemia and 
hypertension in 30% of cases (Figure 10). 

 
 
 

Figure 9B 
 
 

Several laboratory tests were 
performed in obese dogs to investigate the metabolic 
syndrome. Prior to the institution of the hypocaloric 
diet, it was found insulin resistance in 90% of cases 
(n = 9/10), and the mean and standard deviation of 
the HOMA index of 10.8 ± 10.8 and basal serum 
insulin 48 ± 49.9 U / ml. Hypercholesterolemia was 
identified in 20% of cases (n = 2/10) with mean and 
standard deviation of 227.1 ± 81.7 mg/dl; 
hypertriglyceridemia in 80% of cases (n = 8/10) with 
mean and standard deviation of 161.9 ± 92.5 mg/dL 
and hypertension (PA c 160 mmHg) in 30% of cases 
(n = 3/10) with mean and standard deviation of 143 ± 
31 mmHg. No animal showed hyperglycemia. 
Regarding the identification of metabolic syndrome 
(MS) in obese patients, there are some difficulties due 
to lack of uniformity in the literature regarding its 
definition. The rankings have their peculiarities, and 
the most widely accepted today is the National 
Cholesterol Education Program - Adult Treatment 
Panel (NCEP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Frequency of metabolic syndrome in ten obese 
dogs (UNISA/NAYA Especialidades, 2012). 

 
 

Serum concentrations of cholesterol, 
triglycerides, and HOMA index suffered a 
statistically significant reduction after the diet (test t 
student, p <0.05), with significant improvement in 
metabolic parameters of animals. The comparison 
of laboratory tests before and three months after 
the diet are described in Table 3 and Figures 11, 
12 and 13. 
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Table 3: Comparison of blood glucose, HOMA index, serum 
concentrations of triglycerides and cholesterol, and blood pressure 
of ten obsess dogs (UNISA/NAYA especialidades, 2012). 

 
 
 
 
 
 
 
 
 

* Statistically significant difference. 
DP = standard deviation; PA = blood pressure 

Conclusions 
We can conclude from this study that: 
● The metabolic syndrome, that is, the 
manifestation of concomitant insulin resistance, 
hyperlipidemia and/or hypertension, it was 
common in our study, ranging from 30% to 80% 
depending on the classification used; 

● All animal lose weight successfully with the use of 
Equilíbrio Veterinary O&D feed, at an average rate of 
14.4 ± 5% in three months. 
● The metabolic parameters such as insulin 
resistance (assessed by the HOMA index) and 
hyperlipidemia (evaluated by serum concentrations 
of triglycerides and cholesterol), showed significant 
improvement after the institution of the diet and 
weight reduction. 

 
 
 
 
 

 
Figure 11: Comparison of the mean values of HOMA index of ten 
obese dogs before (T0) and 3 months after the diet (T3), (UNISA/ 
NAYA Especialidades, 2012). 
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Figure 12: Comparison of the mean values of triglycerides and 
cholesterol of ten obese dogs before (T0) and 3 months after the 
diet (UNISA/NAYA Especialidades, 2012). 

Figure 13: Comparison of the mean blood pressure values of ten 
obese dogs before (T0) and e months after the diet (UNISA/ NAYA 
Especialidades, 2012). 
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