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Abstract 
Currently, canine obesity is a worldwide problem and is based on the exces-
sive deposit of fat tissue, which plays an important role as a store of energy 
and endocrine organ. This study aimed to compare the values of systolic 
blood pressure, serum chemistry profile and glucose metabolism in eight ob-
ese dogs without endocrine diseases before and after 16 weeks of a weight loss 
program. A statistical difference was noticed in the serum levels of alkaline 
phosphatase, gamma glutamyl transferase, glucose, cholesterol and insulin, 
before and after the program. Besides, there was a statistical difference be-
tween the moments in systolic blood pressure, body weight and body condi-
tion scale. Therefore, it was concluded that the use of a diet rich in fiber and 
protein is suitable for performing weight loss and obese dogs undergoing a 
weight loss program presented a significant reduction in blood pressure, 
blood glucose, insulin, blood cholesterol, serum activity of alkaline phospha-
tase and gamma glutamyl transferase. 
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1. Introduction 

Canine obesity is a worldwide problem, estimating that at least 30% to 40% of 
the world’s canine population being obese [1]. Obesity is an accumulation of 
adipose tissue, which works as a deposit of energy and as an endocrine organ [2] 
[3]. Obesity occurs when there is a prolonged positive energy balance, when the 
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calorie intake is higher than the energy spent. Further, it may be related to excess 
calorie intake, sedentary lifestyle, endocrine diseases and some medications [2]. 
In humans, a number of changes due obesity are well documented as muscu-
loskeletal disorders, cardiovascular, respiratory, insulin resistance, exercise and 
heat intolerance, hyperlipidemia (increased of triglycerides and cholesterol), 
dermatopathies, neoplasms, increased anesthetic risk and predisposition to ar-
terial hypertension, atherosclerosis and type 2 diabetes mellitus [4]. In these spe-
cies it is clear that visceral obesity is a risk factor for the development of type 2 
diabetes mellitus, for a condition called insulin resistance (IR). IR is a failure of 
target cells in peripheral tissues to use insulin and maintain a euglycemia re-
sponse despite normal circulating insulin levels, thus requiring insulin secretion 
to increase in order to achieve the appropriate physiological response [4]. In the 
same way, in cats, obesity results in IR, predisposing them to the development of 
diabetes mellitus like type 2 of humans [5]. However, in dogs, the direct rela-
tionship between obesity and the development of hypertension and insulin re-
sistance, predisposing to type 2 diabetes mellitus like in humans is not proven, 
although there are several works in the literature [6] [7]. The major difficulty of 
treatment of obese dogs is an acceptance and awareness of the owner [8]. The 
successful key in obesity treatment is an institution of proper diet, calorie re-
striction and regular practice of physical activity. For faster and more effective 
weight loss, the amount of calories should be calculated based on a calorie re-
striction factor rather than of the maintenance [9]. The ideal diet to be chosen is 
the one with more fiber and protein, because it provides better and faster weight 
loss when compared to diets with high protein and medium fiber [10] [11]. Sev-
eral studies have demonstrated that high-protein and high-fiber diets provide a 
greater sense of satiation to dogs and promote effective weight loss in obese dogs 
[9] [10] [11]. In addition, some authors notice that weight loss reduces SBP, 
triglyceride, cholesterol, glycemia and insulin levels [5] [6] [7]. The objectives of 
the present study evaluated the values of systolic blood pressure (SBP), serum 
biochemical profile and glucose metabolism in eight obese dogs nonendocrino-
paths before and after being submitted to the sixteen week weight loss program. 

2. Material and Methods 

The samples were originated of animals from a private practice and a Veterinary 
Hospital from a University. All the owners signed a free and informed consent 
form, authorizing the collection of materials and use of the data in publications. 
In addition, the project (number 2335) was approved by the Ethics Committee 
on Animal Use on October 10th, 2011. 

Selection and Number of Animals: Body condition was measured according to 
the 1 - 9 Body Condition Score System (BCS) [12]. Only three trained examiners 
did the BCS assessment, strictly following the description of scale 1 - 9. Thus, 
dogs with body score 8 and 9 of 9 were considered obese, while dogs with body 
score 6 and 7 of 9 were considered overweight [12].  
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17 dogs participated in this study, yet only eight dogs remained during the 
program. The others gave up on the diet or did not attend the expected returns. 
The dogs had body score 8 and 9 on a 9-point body condition scale, suggested by 
[12]. The dogs have weighed always on the same scale and had their body condi-
tion scale determined at different moments: M0, initial moment and M1, after 16 
weeks of the diet. The animal’s body score was measured according to the 
9-point body condition scale described by [12]. 

Exclusion factors of the study were animals with endocrinopathies (diabetes 
mellitus, hyperadrenocorticism, and hypothyroidism), heart diseases, liver dis-
eases and nephropathies. Also, excluded were those who did not adhere to the 
diet program or were being medicated with glucocorticoids (systemic or topical), 
anticonvulsants, hypo or hyperglycemic drugs and hypotensive drugs (furose-
mide, angiotensin converting enzyme inhibitors, pimobendan and amlodipine). 
Hyperadrenocorticism was ruled out by the low-dose dexamethasone suppres-
sion test (two collections), described by [13]. To exclude hypothyroidism, total 
thyroxine (TT4), free thyroxine (FT4) and canine thyroid stimulating hormone 
(cTSH) were measured. Clinical examination and hemogram, urinalysis and se-
rum biochemical profile were used to rule out cardiac, renal and hepatic diseas-
es. 

The blood samples to obtain serum were taken in a 12-hour fasting meal, five 
mL of blood were collected from the jugular vein, which was placed in tubes 
containing clot activator gel and centrifuged at 2000 × turns for 10 minutes 
within one hour after collection. Then, the serum obtained was fractionated in 
five 1.2 mL vials for freezing at −70˚C until the tests were performed. Samples 
for glucose measurement were obtained in a tube containing sodium fluoride. 
Samples were used for the measurement of glucose, urea, creatinine, alanine 
aminotransferase (ALT), gamma glutamyl transferase (GGT), total protein, al-
bumin, alkaline phosphatase (ALKP), triglycerides and cholesterol, by colorime-
tric enzymatic or kinetic methodology, following the manufacturer´s recom-
mendations. The results were read and obtained with an automatic analyzer 
(Catalyst One Chemistry Analyzer, IDEXX Laboratories®, USA). 

The measurement of serum concentrations of total thyroxine (TT4), canine 
thyroid stimulating hormone (cTSH), cortisol and free thyroxine (FT4) were 
realized by equilibrium dialysis using the radioimmunoassay technique in the 
laboratory B.E.T. Laboratories (Rio de Janeiro, RJ). Serum insulin measurement 
was performed by radioimmunoassay at Provet Laboratory (São Paulo, SP), us-
ing recommendations from the manufacturer, with intraassay and interassay 
sensitivity, respectively, of 3.23% and 3.65%. Samples were measured in dupli-
cate. 

Non-Invasive Systolic Blood Pressure (SBP) was obtained by the non-invasive 
method using the Doppler flowmeter, as described by [14]. The cuffs were se-
lected according to the diameter of the limb (40% of the circumference of the 
limb). The finding of arterial hypertension was based on average levels of SBP 
above 150 mmHg, after three consecutive measurements [15]. 
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For the calculation, the desired weight was estimated, which was 30% lower 
than the initial weight of each dog. To calculate the energy requirement, the fol-
lowing formula was used: 70 kcal × (Desired Weight)0.75 = kcal daily [16]. The 
daily grams value was obtained by dividing the daily kcal value by the metabo-
lizable energy value of the selected diet. The 16-week interval was defined based 
on the maximum allowable loss of 2% per week [17], thus, if the animals reached 
the maximum weekly allowable loss the ideal weight would be achieved in up to 
16 weeks. 

The animals were weighed at M0 and monthly during 16 weeks. The BCS, SBP 
and serum parameters were analyzed only in the M0 and M1. The diet selected 
was a specific commercial diet for weight loss (Farmina® Obesity and Diabetic), 
with a metabolizable energy value of 2950 kcal/kg and protein and fiber contents 
of 22% and 7.8%, respectively (Table 1). It is considered a diet with high protein 
and fiber composition when compared to non-support diets for healthy adult 
dogs.  

The experimental design weighted the possible differences before (M0) and 
after 16 weeks (M1) on serum levels of urea, creatinine, ALT, ALKP, GGT, glu-
cose, cholesterol, triglycerides, albumin, total protein (TP), SBP, insulin, body 
weight and BCS. The variables did not present normality and homocedasticity 
by the Kolmogorov-Smirnov test and Liliefors test (P < 0.05). Thus, the differ-
ences between groups were evaluated in pairs by the Wilcoxon test, with P < 
0.05. 

3. Results 

From the animals that started the hypocaloric diet, only eight (47.06%) were fol-
lowed during program. Being five females and three males, three dogs without 
breed, two Schnauzer, one Pomeranian, one Lhasa Apso and one Yorkshire Ter-
rier. The ages of the dogs ranged from four to eight years old. 

The results of the analyzed parameters are described in Table 2 and Table 3. 
The serum values of GGT, glucose, cholesterol, ALKP, and insulin presented av-
erage difference (P < 0.05) between M0 and M1. It was also observed the differ-
ence in the average before and after weight loss (P < 0.05) in SBP, body weight 
and BCS. 

All animals studied were considered obese at the time of the initial study 
(M0), and 50% were classified with a body condition score (BCS) 9/9, which  

 
Table 1. Nutritional information of the composition of Farmina® Obesity and Diabetic.  

Umidity (max) 100 g/kg (10%) 

Crude Protein (min) 220 g/kg (22%) 

Ethereal Extract/Fat (min) 70 g/kg (7%) 

Fibrous Matter (max) 78 g/kg (7.8%) 

Mineral Matter (max) 75 g/kg (7.5%) 

Metabolizable Energy 2950 kcal/kg 
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Table 2. Body weight and body condition scale values in eight dogs submitted to calorie 
restricted diet for 16 weeks. 

 
BW kg BCS 

M0 M1 M0 M1 

Average* 12.17a 9.41b 8.5a 6.38b 

Minimum 3.9 3.1 8 6 

Maximum 17.4 13.9 9 7 

Standard Deviation 4.4 3.35 0.53 0.52 

Standard Error 1.55 1.18 0.19 0.18 

P Value 0.01  0.01  

BW (kg) = body weight, BCS = body score condition. M0—initial moment, M1—after 16 weeks. A, b: 
Means followed by letters * a, b did not differ in the Kolmogorov-Smirnov test and the Liliefors T-test with 
0.5% significance; * A, b Means followed by equal letters did not differ in the Wilcoxon paired test with 
0.5% significance. 

 
Table 3. Serum biochemical profile, insulin, and SBP in eight dogs submitted to calorie 
restricted diet for 16 weeks. 

 
Average ± SD (Interval) 

P Value Reference 
M0 M1 

Urea 
34.53 ± 10 

(19.3 - 46.9) 
46.51 ± 9.32 
(33.9 - 59.8) 

0.09 21.4 - 59.92 mg/dL 

Creatinine 
0.95 ± 0.21 

(0.6-1.3) 
0.99 ± 0.26 
(0.7 - 1.5) 

0.61 0.5 - 1.5 mg/dL 

ALT 
37.88 ± 16.66 

(12 - 62.3) 
48.44 ± 18.06 
(27.8 - 77.3) 

0.26 21 - 73 UI/L 

ALKP 
200.99 ± 101.47 

(55.8 - 370.6) 
129.11 ± 64.5 
(48 - 233.5) 

0.05 20 - 156 UI/L 

GGT 
5.46 ± 2.54 

(1.7 - 9) 
2.72 ± 1.95 
(0.3 - 5.1) 

0.05 1.2 - 6.4 UI/L 

TP 
7.58 ± 0.63 

(7 - 8.8) 
7.49 ± 0.77 
(6.3 - 8.4) 

0.67 5.4 - 7.1 g/dL 

Albumin 
2.69 ± 0.32 
(2.4 - 3.38) 

2.35 ± 0.39 
(1.5 - 2.7) 

0.11 2.6 - 3.3 g/dL 

Glucose 
125.58a ± 17.56 

(100 - 151) 
84.11b ± 9.57 

(69 - 96.9) 
0.01 70 - 110 mg/dL 

Cholesterol 
336.76a ± 50.8 
(264.4 - 397.4) 

185.31b ± 31.18 
(117 - 214.9) 

0.01 168.1 - 268.4 mg/dL 

Triglycerides 
311.88a ± 61.16 
(235.2 - 388.7) 

268.19b ± 65.75 
(119.1 - 324.2) 

0.09 16.81 - 96.1 mg/dL 

Insulin 
24.74a ± 12.02 
(12.92 - 50.44) 

19.37b ± 7.96 
(11.36 - 33.86) 

0.01 20 - 40 µU/mL 

SBP 
158.63a ± 20.70 

(130 - 195) 
134.63b ± 17.74 

(119 - 175) 
0.01 90 - 160 mmHg 

A, b: Means followed by equal letters did not differ in the Kolmogorov-Smirnov test and the Liliefors T-test 
with 0.5% significance; * A, b Means followed by equal letters did not differ in the Wilcoxon paired test 
with 0.5% significance. Statistical difference in M0 and M1 (P < 0.05), M0-initial moment, M1-after 16 
weeks. ALT = alanine aminotransferase, ALKP = alkaline phosphatase, GGT = gamma glutamyl transferase, 
TP = total protein, SBP=systolic blood pressure. 
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means pronounced obesity, and the others classified with BCS 8/9. After com-
pleting the 16 weeks weight loss program (M1), all of them reached the over-
weight body score, where five of the eight animals studied reached the BCS 6/9 
and three animals the BCS 7/9. 

The dogs presented an average reduction in weight of 22.7% in 16 weeks, 
which means 1.42% per week (Figure 1). There was a significant reduction of 
BCS, cholesterol, triglycerides, SBP, glucose, and insulin between M0 and M1 
(Figure 1 and Figure 2). 

 

 
Figure 1. Means, standard error (SE) and standard deviation (SD) of body weight and body condition scale (BCS) of 8 dogs on a 
calorie restricted diet. M0—initial moment; M1—after 16 weeks.  
 

 
Figure 2. Means, standard error (SE) and standard deviation (SD) of cholesterol, triglycerides and systolic blood pressure (SBP), 
glucose and insulin of 8 dogs on a calorie restricted diet. M0—initial moment; M1—after 16 weeks. 
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4. Discussion 

The diet was calculated from a calorie restriction of 25% of the normal calorie 
intake of each patient based on the reduction of 30% from the initial weight. 
Weight loss was considered satisfactory (1.42%/week) based on the loss of at 
least 1% and at most 2% of the initial weight per week and considering the total 
time of program. Two animals presented loss of less than 1% from the initial 
weight per week, and in these cases, is indicate a reduction of the daily calorie 
intake in further 10% and reassessment of the management in order to detect 
failures in the diet [17]. The diet used was a commercial product with high fiber 
and protein when compared to the conventional products of the same brand. 
These results are similar to the findings by [11] that also detected satisfactory 
weight loss when using high fiber and protein diets in obese dogs. However, 
weight loss in the current study was superior to that found by [9] and [7], where 
the dogs had an average loss of 0.85% ± 0.344% per week. The data differed be-
cause in one of the studies the owners abandoned the diet or confessed to pro-
viding snacks during the study [9], a fact that in the eight followed dogs for 16 
weeks was not reported in this study. 

There was systolic arterial hypertension (SAH) in 50% of the obese dogs, con-
sidering a reference value higher or equal to 150 mmHg [15]. However, only one 
dog had SBP value in the range considered a serious risk to the development of 
target organ damage [15]. There was a reduction of SBP in the eight dogs after 
the hypocaloric diet, demonstrating that there is a benefit of weight loss over 
cardiovascular function. In addition, only one of the four animals with hyper-
tension remained hypertensive after weight loss. Furthermore, these findings 
corroborate other studies in which obese dogs that lost at least 15% of their ini-
tial weight had a significant fall in SBP [6] [7] [18]. Differently from the present 
study, none obese hypertensive dog was detected by [6] and [19]. However, in 
another study, it was demonstrated that dogs submitted to hypercaloric diets 
and fast weight gain showed increase in the heart rate and SBP [20]. The reason 
for these differences was probably the inclusion and exclusion factors of the stu-
dies. In the dogs included in this study there were no changes in target organs, 
secondary to SAH [21]. 

There was a significant (P < 0.05) reduction in serum triglyceride and choles-
terol concentrations between M0 and M1, however, the cholesterol reduction 
was greater after 16 weeks of diet. Reference [22] found similar results when in-
itiating a low calorie diet in a group of obese dogs, but triglyceride levels reduced 
more significantly than cholesterol levels without weight loss. In general, obese 
dogs exhibit increased levels of triglycerides and cholesterol when compared to 
dogs with adequate body score, and it tends to be reduced after caloric restric-
tion diet [7] [23]. 

ALKP and GGT fell significantly after the 16 week weight loss program, and 
the detection of the increased serum ALKP activity in obese dogs has been de-
scribed previously [24]. Although there are a few studies in this regard, it is spe-
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culated that the reduction of ALKP and GGT values may be directly related to 
the reduction of hyperlipidemia, since they are enzymes present in bile ducts 
that tend to increase their serum concentrations in the occurrence of biliary 
cholestasis and mucocele [25]. In addition, intense hyperlipidemia may cause 
false laboratory increase of ALKP [26], which did not occur in this study. 

The values of glucose and insulin reduced significantly between M0 and M1 
(P < 0.01). Considering hyperglycemia values of glucose higher than 110 mg/dL 
[23], it was verified that 75% of the dogs studied were hyperglycemic while ob-
ese, a situation that was reversed after weight loss, corroborating with the find-
ings of [18]. These authors did not detect hyperglycemia in obese dogs but ob-
served a significant reduction of serum glucose values after weight loss. Our 
findings corroborate other studies, which have shown an improvement in IR in 
obese dogs submitted to weight loss [22] [27] [28]. Obese dogs tend to have 
higher blood levels of serum glucose and insulin when compared to skinny dogs 
[7] [23] [27] [28]. In contrast, other authors did not find higher glucose values in 
obese dogs when compared to older dogs or skinny adults [29]. However, in 
spite of euglycemia, hyperinsulinemia was detected in obese dogs, suggesting the 
occurrence of IR [22] [30]. Only one of the eight obese dogs studied had hyper-
insulinemia, which means, insulin greater than 40 μU/mL [27]. In spite of this, 
all dogs showed a reduction of about 22% of insulinemia after weight loss, simi-
lar to the findings from [7]. Probably obesity in dogs causes metabolic altera-
tions in glycemic homeostasis and the sensitivity of peripheral tissues to the ac-
tion of insulin, requiring the secretion of greater amounts of insulin to maintain 
glycemia at normal or in upper limit values [22] [23] [27] [29]. Reference [29] 
consider that although there is IR in obese dogs, they have compensatory me-
chanisms that act to maintain euglycemia and, therefore, dogs do not develop 
diabetes mellitus similar to type 2 as occurs in humans. This concept is still very 
controversial, but it is a fact that obesity does influence the amount of insulin 
secreted. Reference [23] notices a considerable increase in serum insulin con-
centrations and pancreatic B cell function in obese dogs, in spite of the main-
tenance of euglycemia. Reference [24] did not identify any changes in glucose 
and insulin index. However, the authors suggest that it probably occurred due to 
the degree of adiposity, which means, the animals studied were overweight and 
not obese, which corroborates our work, where overweight dogs (M1) showed 
no signs of IR as observed in the obese dogs. 

Our study presents some limitations, such as not having studied the dogs at a 
third moment after each dog reached its ideal weight and the small number that 
remained in the study during the program. 

We concluded that the use of a diet rich in fiber and protein is suitable for 
performing effective and safe weight loss program. Obese dogs submitted to 
weight loss showed a significant reduction in systolic blood pressure, glycemia, 
insulinemia, cholesterolemia, serum alkaline phosphatase and gamma glutamyl 
transferase activity. 
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