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Abstract

The autonomic nervous system (ANS) plays arole in the regulation of the cardiovascular system through
sympathetic and parasympathetic modulations, which act in an associated way in the regulation of
homeostasis. This regulation exercised by the ANS is determined by numerous factors including breathing,
stress, temperature, blood pressure and physical activity. Cardiac nerve regulation is influenced by
obesity, but the autonomic response present in this disorder has not yet been elucidated. It is known
that a10% increase in body fat is able to lead to a decrease in parasympathetic action and an increase in
heart rate. Heart Rate Variability (HRV) allows the evaluation of autonomic heart modulation through
the ventricular depolarization intervals to the electrocardiogram (ECG), and provides information on the
relationship and contribution of the ANS to the neural influence of heart rate control. The objective of
the present study was to evaluate the HRV by means of an electrocardiographic examination in obese
dogs with Body Condition Score (BCS) 8/9 and 9/9, comparing with HRV of the same animals, after
therapy with therapeutic ration in the period of 6 months, as well as the comparison with control group
with lean animals. With the results obtained in the present study, it can be inferred that probably the
imbalance in the autonomic activity due to obesity in dogs is not the same asin humans and that a greater
understanding of this regulation in these animals is necessary, especially considering their vagotonia.
The diet program based on low-calorie ration reached approximately 10% and 20% of weight reduction
after two and six months, respectively. Obesity raises HRV by increasing parasympathetic activity in the
autonomic regulation of the heart in dogs.

Keywords: autonomic balance, obesity, dogs.

Resumo

O sistema nervoso autébnomo (SNA) exerce papel de regulacao do sistema cardiovascular por meio da
modulagdo simpatica e parassimpatica, que atuam de maneira associadas na regulacao da homeostase
(Pumprla et al,, 2002). Este balango exercido pelo SNA é determinado por inimeros fatores incluindo a
Tespiracao, estresse, temperatura, pressdo sanguinea e atividade fisica (Vanderlei et al., 2009). A regulacdo
nervosa cardiaca sofre influéncia da obesidade, mas ainda nao foi esclarecida qual a resposta autonémica
presente neste disttrbio (Pascon, 2009). Sabe-se que o aumento de 10% da gordura corpérea é capaz de levar
adiminuicdo da acao parassimpatica e aumento da frequéncia cardiaca (Van Vliet et al., 1995). A Variabilidade
da Frequéncia Cardiaca (VFC) permite avaliar a modulacao autonémica sobre o coracio, por meio dos
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Influence of weight loss on heart rate variability in dogs

intervalos de despolarizacdes ventriculares, ao eletrocardiograma (ECG), e fornece informacoes sobre a
relacdo e contribuicao do SNA nainfluéncia neural do controle da frequéncia cardiaca (Kleiger et al,, 2005).
O presente estudo tem por objetivo avaliar a VFC, por meio de exame eletrocardiografico, em caes obesos,
com Escore de Condigao Corporal (ECC) 8/9 e 9/9, comparando com a VFC dos mesmos animais, apos
terapia com racdo terapéutica no periodo de 6 meses.

Palavras-chave: balanco autonémico, obesidade, caes.

Introduction

The cardiac nerve regulation is influenced by obesity, but the autonomic response present
in this disorder has not yet been elucidated. It has already been noticed that the 10% increase
in body fat is able to lead to a decrease in parasympathetic action and an increase in heart rate
(Rasmussen et al., 2012). However, at the same time as studies indicate the predominance of
sympathetic tone in obesity, others have evidenced the decrease of this tone in humans (Talibetal,,
2005; Carareto et al., 2007).

Several studies in humans report that obesity affects the autonomic function of the heart,
generating a greater probability of heart failure and sudden death in these individuals. However,
in dogs, there are still few studies on the cardiovascular effects of obesity (Malik et al., 1996;
Kleiger et al., 2005).

The degree of obesity and the time in which the individual is in this condition are crucial
for the appearance of cardiovascular changes in humans and probably in dogs (Atkins, 1999;
Kleiger et al., 2005). In obese humans, a decrease in HRV is described, reflecting on an autonomic
imbalance, with reduced parasympathetic modeling, which may or may not present an elevation
of sympathetic tone (Minors & O'Grady, 1997; Karason et al,, 1999). It was found that after weight
loss, several cardiac alterations were attenuated or reversed, especially when the individual
performed physical activities (Karason et al., 1999; Pelosi et al., 2013).

In overweight adolescents, they were found to have an autonomic imbalance, caused by a
decrease in SDNN* (standard deviation of all normal RR intervals) and total power (Guizar et al.,
2005). In research with obese children, it was concluded that childhood obesity is associated
with lower heart rate variability (Muralikrishnan et al., 2013).

Heart rate variability in dogs is widely described for the purpose of evaluating diseases such
as endocardiosis, dilated cardiomyopathy and diabetes mellitus, relating them to changes in
autonomic modulation (Liao et al,, 2014). It is reported in a study in dogs, in which obesity
was induced by dietary supplementation rich in saturated fat, lower parasympathetic control
(Oliveira et al,, 2012).

There arereports that morbid obesity in dogs did not change heart rate variability (Van Vliet et al,,
1995; Pelosi et al., 2013). Other studies have verified that obese dogs presented alterations in
the autonomic system, observing a decrease in heart rate variability when compared to dogs
of ideal weight, suggesting a lower parasympathetic autonomic control in obese dogs (Mazini,
2011; Martins, 2016).

There is still little literature on the consequences of canine obesity on autonomic influence.
Therefore, it is fundamental to understand the autonomic control under the heart of obese dogs
and thus toreinforce the importance of the treatment of obesity and even more of the prevention
of the same to improve their quality of life.

The objective of the present study was to evaluate the HRV by means of an electrocardiographic
examination in obese dogs with Body Condition Score (BCS) 8/9 and 9/9, comparing with HRV
of the same animals, after therapy with therapeutic ration in the period of 6 months.

Material and methods

The present study was licensed by the Committee on Ethics in the Use of Animals under the
number 8892260517

Experimental design

Initially, 20 Beagle dogs were selected from the bioterium of the University, where they lived
under the same management conditions, in collective pens, with a maximum of six animals
per enclosure, and were fed the same commercial ration in the quantities recommended by the
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manufacturer, once per day. According to the scale of Laflamme (1997), the animals were divided
into the experimental groups: Control Group (GCt): 10 dogs with BCS 4-5 / 9 and Obese Group
(GOb): 10 dogs with BCS 8-9/ 9.

The animals were then submitted to clinical examination, consisting of history / anamnesis and
physical examination, using the means of clinical exploration (inspection, palpation, percussion
and auscultation). At this moment, morphometric measurements were also performed to
determine the percentage of body fat (% BF). Blood samples were then collected for Complete
Blood Count (CBC) and serum biochemistry (urea, creatinine, ALT and alkaline phosphatase).
Animals considered free of comorbidities beyond obesity were then included in the study.

The study was performed in the electrocardiographic exam during five minutes, to calculate
the Heart Rate Variability in the animals of both groups (GCt and GOb). GOb animals diagnosed
as obese (BCS = 8 or 9) were treated with Purina® Pro Plan® Overweight Management for a period
of six months. After the treatment period, GOb animals were submitted to a new evaluation of
BCS, %BF and a new electrocardiographic exam, to calculate HRV after treatment.

Body Condition Score (BCS)

The quantitative analysis of the body condition score was performed according to the visual
table proposed by Laflamme (1997). The animals were evaluated at the station on the ground,
through inspection and palpation of the animal body in specific areas such as abdomen, thorax,
cervical region and tail base, in order to verify the accumulation of fat.

Calculation of Body Fat percentage (% BF)

The percentage of body fat was calculated by means of morphometric measurements such as
the abdominal perimeter (AP) and the pelvic limb (PL) in centimeters. The measurement of the AP
wasrealized holding the animal in a workstation on the table and with the aid of a tape measure,
tracinga circumference around the abdomen of the animal from the midpoint between the wing
of the ileum and the last thoracic vertebra, and the PL, by measuring the distance between the
calcaneus tuberosity and the medial patellar ligament.

After the two measurements, their values were applied in the equation %BF = (-1.7xPL)+(093x AP) +5,
to obtain the percentage of Body Fat (Burkholder & Toll, 1997).

Clinical examination

For the clinical examination of the animals, historical data and anamnesis were collected
with the person in charge of the maintenance of the animals, looking for compatible findings of
endocrinopathic and cardiorespiratory diseases, as well as the morbid antecedents of each animal.

Initially, the animal remained free in the environment of the veterinary clinic for acclimatization
and then was placed on top of the physical examination table, where it was contained in a gentle
way by the person responsible for it.

The physical examination consisted of measuring vital parameters such as: 1) heart rate through
palpation of the femoral artery in one of the pelvic limbs; 2) respiratory rate by observation of
thoracic breathing movements; 3) Capillary filling time by digital pressure in the gingival mucosa;
4) Inspection of the mucous membranes through observation of the oral and conjunctival mucosa;
5) rectal temperature using a mercury thermometer.

Then, in the continuity of the physical examination, a cough reflex evaluation was performed
by means of discrete friction in the region of the cervical trachea. Cardiac auscultation was
performed with the aid of a stethoscope beginning with the left-side tip shock region, locating
the mitral focus, passing to the cranial and lateral region, locating the cardiac base, and the
tricuspid focus on the right side. In all the focal points of auscultation the sounds and silences,
as well as the rhythm were evaluated and furthermore the presence of murmurs were checked.
Pulmonary auscultation in each hemithorax, right and left, was performed by means of a complete
thoracic cavity scan with the aid of the stethoscope positioned in the intercostal spaces. Thoracic
percussion was another method used during the clinical exploration, a digital-digital percussion
in the intercostal spaces was performed.
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At the end of the physical examination, abdominal palpation was carried out to palpate the
liver, spleen, stomach, kidneys and urinary vesicle.

Blood sample collection and laboratory tests

Puncture of the cephalic vein, lateral saphenous or external jugular vein was performed. Initially,
theregion to be punctured underwent antisepsis with cotton soaked in 70% ethyl alcohol, and a
blood sample of 5.0 mL was then collected by means of an intravenous infusion device (scalps)
23G or 22G needle attached to a 5.0 mL syringe.

The blood sample was divided into two tubes, with and without anticoagulant. Blood counts
and serum biochemistry (alkaline phosphatase-ALP, alanine aminotransferase-ALT, urea and
creatinine) were performed.

Exclusion criteria

The following exclusion criteria were used: the presence of clinical findings compatible with
endocrinopathies or cardiorespiratory diseases; hematological changes detected in the hemogram;
changesin serum biochemistry values; clinical findings that suggested the presence of any other
disease, besides obesity.

Electrocardiographic examination (ECG)

The animals of the GCt and GOb groups were submitted to electrocardiographic (ECG)
examination to determine the Heart Rate Variability (HRV). The ECG was performed using the
InCardio® (InPulse Animal Health®) electrocardiograph device, with duration of 5 minutes, as
recommended for HRV measurement (Martins, 2016). During the ECG, the dogs were removed
from the kennel and acclimatized for 10 minutes in the room where the electrocardiographic
examination was performed.

The animal was placed in theright lateral decubitus position and the electrodes for acquisition
of Derivation II (DII) were then fixed as follows: 1) black electrode (RL) region of the knee of the
right pelvic limb; 2) green electrode (LL) region of the knee of the left pelvic limb; 3) red electrode
(RA) region of the elbow of the right thoracic limb; and 4) yellow electrode (LA) elbow region of
the left thoracic limb (Tilley & Smith Junior, 2008) (Figure 1).

Figure 1. Animal in right lateral decubitus during continuous electrocardiography to record HRV. Source:
Service of Cardiology and Respiratory Diseases - UFRRJ.
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For the analysis of the Heart Rate Variability (HRV), the variables of the time domain were:
1) mean NN, mean of all normal RR intervals of the exam; 2) SDNN, standard deviation of all
normal RR intervals of the examination; and 3) rMSSD, square root of the sum mean of the
squared difference of adjacent normal RR intervals throughout the examination. In addition,
the minimum, mean and maximum heart rates (HR) were evaluated (Vanderlei et al., 2009).

Obesity treatment

After the electrocardiographic examination, the animals of the GOb group were transferred
to individual stalls and underwent treatment with a low calorie Purina® ProPlan® Overweight
Management - Obesity diet for a period of 2 months.

The Daily Energy Requirement (DER) in kilocalories (kcal) needed for weight loss and the
daily amount of food to be consumed for each animal was defined for the treatment. For the
RER (Resting Energy Requirement) the same value was defined as for the DER for weight loss,
respecting for this purpose the calculation DER = RER x 1. For the RER calculation, the RER formula
was used (kcal/day) = [30 x (weight (kg) + 70]), where for the variable weight the animal's target
weight was used as the current weight subtracted by 20% (Jeric6 et al., 2014).

The daily amount of Purina® ProPlan® Overweight Management - Obesity to be offered to the
animal in the treatment of obesity was stipulated according to the energy density of the food
(2,990 kcal/kg of dog food) and with the DER calculated for the animal. The amount of daily food
was divided into two equal parts and offered twice a day to the animals.

The treatment lasted six months, and throughout this period physical activities and recreation
were carried out with all animals at least twice a week.

For follow-up of treatment progression, clinical reassessment of the animals was performed
every quarter, as well as their weighing and morphometric measurement. At the same time,
information about the adaptation and acceptance of the animal to the new diet was collected
and, if necessary, adjustments were made to the calculations.

Post-treatment evaluation

After the stipulated period of two months of treatment, the animals of the GOb group
underwent a new weight evaluation, body fat percentage calculation and Body Condition Score
quantification. A new electrocardiographic exam was also performed to evaluate the Heart Rate
Variability and compared to before treatment.

All re-evaluations followed the same criteria established at the time of before treatment.

Statistical analysis

Allvariables of the present study were submitted to descriptive statistics and presented on the
form of mean and standard deviation or median and minimum and maximum values depending
on their normal distribution or not, respectively.

The variables were also subjected to the Shapiro-Wilk normality test. Variables that behaved
in normal distribution had their means compared by the Student's T test, while variables that
behaved in a non-parametric manner had their means compared by the Mann Whitney test.

For all tests, the level of significance was 5% and the statistical treatment was performed
through the use of BioEstat® software version 5.0 (Mamiraua Institute).

Results

The 10 dogs selected by the Body Condition Score (BCS) 4 or 5/9 for the control group (GCt)
were between 1and 6 years old [X? = 4; CV = 51.04%]. In regard to sex, two animals were females
and eight animals were males (X = 7.2; p = 0.0253), with differences between the sexes in the
composition of the group. None of the animals in this group were castrated.

The weight of the GCt animals ranged from 9.6 to 12.8 kg (x = 11.25; SD = 1.15; CV = 10.27%), while
the percentage of Body Fat (BF) ranged from 17.2 and 30.90% (X = 22.79; SD = 4.41; CV = 19.36%).

Regarding GODb, the ten animals from the first phase of the study were maintained in the
second phase so that their Heart Rate Variability indices could be used in the comparison after
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treatment. The selected dogs had 8 or 9/9 BCS, and were between 2 and 8 years old [X = 6 (2.8);
CV =31.43%]. Regarding sex, GOb was composed of three males, all castrated and seven females,
of which only one was castrated (X? = 3.2; p = 0.1797), not being detected any difference between
the sexes in the composition of the group.

The weight of GOb animals varied between 13.4 and 24.2 kg (X =17.2; SD=3.68 and CV = 21.61%),
while the percentage of Body Fat (% BF) ranged from 31.74 and 56.53% (X = 41.2; SD = 6.52;
CV=1582%).

GOb was also constituted in the first phase of the study; however, one animal had to be excluded
from the original group, composed of 11 animals, in view of the fact that it had developed clinical
signs compatible with endocrinopathy.

After the treatment with the Purina® Low Calorie Treatment Pro Plan® Overweight Management
- Obesity, the weight of GOb animals significantly reduced (t = 6.5; p<0.0001) to values between
11.8 and 20.0 kg (x = 14.7; SD = 2.85; CV = 1942%) at 2 months after beginning of treatment, and
to10.25and 17 kg (X = 13.54; SD = 2.34; CV = 18.61%) after six months of treatment (Figure 2).

Figure 2. Dorsal view of two Beagle dogs included in the low-calorie diet before (Al and B1) and after six months
before of the treatment (A2 and B2). Source: Service of Cardiology and Respiratory Diseases - UFRRIJ.

Considering the %BF, after treatment, this index presented a significant drop (t =11.5; p <0.0001)
to values between 21.05 and 41.65% (X = 28.32; SD = 6.06; CV = 21.39%).

The HRV study consisted of comparing the indexes of this tool in the time domain (SDNN,
SDANN, rMSSD) and the minimum, average and maximum heart rates (HR) between GOb before
and after treatment with the low calorie Purine® Pro Plan® Overweight Management - Obesity,
besides comparing the same indexes between GOb after GC treatment (Figure 3).

The analysis of HRV in the GCt presented values of SDNN of 91.14 + 40.02, SDANN of
549.80 +75.32 and rMSSD of 11750 + 44.71. The GOb had SDNN values of 149.50 + 76.65 before
treatment, and 138.90 + 41.56 after six months; SDANN of 605.02 +110.97 before treatment, and
516.60+122.56 after six months; and rMSSD of 21710 +109.74 before treatment, and 156.77+56.97
after six months.

The maximum and average HRs presented very discrete oscillations between the groups.
On the other hand, the minimum HR increased after treatment in GOb. However, this increase
was not confirmed statistically. When the minimum HR of the GCt was compared to the GOb
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Figure 3. Heart rate variability (Variabilidade da frequéncia cardiaca) chart, showing R-R intervals, minimum,
medium and maximum heart rate. Source: Service of Cardiology and Respiratory Diseases - UFRRJ.

before treatment, it was observed that this difference was greater (t = 2.745; p = 0.0073) than
the difference found between GCt and GODb after six months of treatment (t = 2.821; p = 0.0395).

Through electrocardiographic examination, sinus arrhythmia can be observed before treatment
in nine of the ten GOb dogs, and five of these animals had associated cardiac arrest thythm or
sinus block. After treatment, eight animals of this group presented sinus arrhythmia on the
electrocardiographic record, and only one of them maintained the occurrence of sinus arrest or
block and another animal presented a ventricular leak in the face of a sinus pause. The remaining
two animals in this group at the time of treatment presented sinus rhythm (Figure 4).
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Figure 4. Electrocardiographic tracing in D2 lead, N sensitivity (10 mm/mV), Speed 25 mm/s. A: Sinus thythm;
B: Sinus tachycardia; C: Sinus arrhythmia. The arrow 1 demonstrates a decrease in heart rate at the time of
expiration and arrow 2 increases at the time of inspiration; D: Sinus arrhythmia with presence of “Sinus Arrest”
as illustrated in arrow 4, with the interval R-R greater than twice the previous R-R interval (arrow 3); E: Sinus
arrhythmia with presence of Ventricular Escape after a Stop or Sinus Block (Arrow 5).
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In the animals of the GCt, sinus rhythm can be observed in the electrocardiographic record of
sixanimals, sinus tachycardia in two animals and sinus arthythmia in the remaining two animals.

Discussion

The experimental design of the present study aims the comparison of Heart Rate Variability
(HRV) indices between animals under normal nutritional conditions and obese animals, as well as
how much the treatment of obesity with the Purina® Low Calorie Therapy® Pro Plan® Overweight
Management - Obesity could reverse the possible autonomic imbalance on the heart, caused by
obesity (Kleiger et al., 2005).

In order to do so, the adoption of the Body Condition Score (BCS) as an inclusion criterion
was necessary, which, despite being a poorly sensitive method for assessing the dog's nutritional
status, is easy to apply and has been widely used in the clinical routine for the diagnosis of obesity
(Laflamme, 2006).

As BCS was the first selection criterion for the animals that would compose the experimental
groups, it was necessary to flexibilize the other data of the animals, such as age, sex and reproductive
status. For this reason, the age of the animals that constituted both the Control Group (GCt) and
the Obese Group (GOb) was not precisely homogeneous, which can be verified by its coefficients
of variation above the values recommended as ideal for samples with low variability (Sampaio,
2002).

The sex distribution of the animals included in the study also did not maintain a homogeneous
pattern, and a statistical difference between the sexes in the GCt could be detected. Again, due to
the selection criterion of the animals being the ECC evaluation, it was inevitable that in order to
obtain the sufficient “n" sample to allow the statistical analyzes pertinent to the study. On the other
hand, the exclusive use of a single breed of dogs in the composition of the experimental groups
significantly solidifies the control of the experiment and balances the criteria of homogeneity
in relation to those not attended, due to the standardization of the body conformation, as well
as the behavior when facing stress situations induced in the experimentation (Sampaio, 2002;
Laflamme, 2006).

The use of animals from an experimental kennel allowed the control of the extrinsic factors
involved in obesity. The fact that the animals are kept under the same environmental and
management conditions, allowed the strict monitoring of the treatment, without risks of error
in the quantity of feed offered, in the time of supply and mainly in the supply of other foods,
situations that are routinely addressed in the literature when considering possible failures in the
treatment of obesity (Jerico et al,, 2014).

The clinical examination of the animals confirming only the commitment for obesity in the
absence of other diseases and the elimination of hematological alterations and serum biochemistry,
before inclusion in the study, allowed the clinical exclusion of diseases that could be influencing
obesity, diseases that could harm the effectiveness of treatment and diseases that could influence
HRV (Courcier et al,, 2010).

The success of the treatment, although short lived (six months), was evidenced in the
comparison of the weight of the animals and the percentage of Body Fat before and after the
established period, which demonstrated a significant reduction, without extrapolating the limits
recommended for a healthy weight loss, without exposing the animal to stress by negative energy
balance, taking into account the gradual reduction of feed (Verkest, 2014).

Some studies consider that healthy body weight loss should be 1 to 3% of the initial weight of
the treatment per week (Jerico et al,, 2014). In the present study, the mean weight loss percentage of
the treated animals was 13.27% at 2 months of treatment and 20.52% at 6 months, and considering
the percentage of individual loss divided equally by the number of weeks of treatment, we reach
the weekly average of 1.66% at 2 months and 0.76% of body weight, which shows that the loss is
higher at the beginning and has a tendency to decrease over time. However, even in the face of
this reduction, the weight of GOb animals did not approximate GCt values (t = -3.54; p=0.0023)
(Verkest, 2014).

The %BF estimate was useful for monitoring the treatment of the animals, although several
limitations are attributed to this method, such as hidden fat or the limitation of the technique.
It was possible to determine that the mean percentage reduction of the %BF throughout the
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treatment was 12.88%, suggesting the maintenance of the lean mass while there was reduction
of the fat mass, based on the morphometric parameters with fat loss (Batistela & Domingues,
2005). These post-treatment values, although reduced, also did not approximate GCt values
(t=-233;p=00157).

Controlled studies that allow the comparison of the animal with itself, make morphometric
methods a little more sensitive, despite the approach of specific areas of the body, which do not
necessarily reflect the real magnitude of obesity (Sampaio, 2002).

The first phase of this study consisted of comparing HRV indices between animals with normal
BCS (4 and 5/9) and animals with BCS that categorize obesity (8 and 9/9) and, in this step, a different
response from the few reports in literature can be detected, which assume lower HRV for obese
animals by increasing sympathetic tone or reducing parasympathetic tone (Pelosi et al., 2013).

Although not allindexes were statistically confirmed to be larger in obese animals, the IMSSD
index was significantly higher in this group, and because of its mathematical extrapolation the
use of the square root of the sum of the squares is considered one of the most reliable in the
evaluation of the parasympathetic activity, interpreting that the higher thisindex the greater the
autonomic balance on the heart (Pumprla et al,, 2002; Acharyaet al.,, 2006; Vanderlei et al.,, 2009).

In this context, the objective was to evaluate whether the treatment of obesity with a hypocaloric
diet could return the HRV index to levels similar to those of animals under normal nutritional
conditions (Acharya et al,, 2006).

After a short period of time for treatment of obesity, the evaluation of three HRV indexes in
the time domain showed a tendency to reduce them when compared to the moment before
treatment. This pattern was confirmed statistically with the findings of HRV. In GOb, there was
no difference in SDNN before treatment and after 6 months. In the GCt, there was a difference
in relation to the GODb before treatment (U = 27; p = 0.0410). Analyzing the SDANN, there was
no difference between the two groups in the two moments, as well as between the moments
in the GOb.

Regarding rMSSD, there was no difference between GOb before and GODb after 6 months of
treatment. However, when comparing GOb with GCt, there was difference before treatment
(U=22;p=0.0171),and this difference was not confirmed after treatment, at which time the mean
of this variable reduced to values similar to GCt. Thus, after a short period of time for treatment of
obesity (Courcier et al., 2010) the evaluation of these three indices showed a tendency toreduce
when compared to the moment before treatment (Table 1).

Table 1. HRV: Heart Rate Variability; SDNN: Standard deviation of all RR intervals; SDANN: Standard deviation
of the mean NN intervals obtained every 5 minutes; rMSSD: Square root of the mean between the squared
differences of the consecutive NN intervals; GOb BT: Obese Group Before Treatment; Gob PT: Obese Group
Post-Treatment of 6 months; GCt: Control Group; HR: Heart Rate; SD: Standard Deviation; ms: milliseconds; BPM:
beats per minute. Different letters (“a" and “b") along the same line indicate a significant difference at level of 5%.

GOb BT GObPT GCt
Variables of HRV
Mean + SD Mean + SD Mean + SD
SDNN (ms) 149,50 + 76,65* 138,90 + 41,56° 91,14 +£40,02°
SDANN (ms) 605,02 +110,97 516,60 +£122,56 549,80+7532
rMSSD (ms) 21710 +£109,742 156,77 +56,97* 11750 + 44,71
Minimal HR (BPM) 50,35+13,90* 5810 +15,80° 70,50 +16,12P
Mean HR (BPM) 102,80+18,80 103,30 +15,02 110,80 +16,62
Maximum HR (BPM) 16750+34,94 170,20+16,28 164,50+2143

This pattern was confirmed statistically in tMSSD and SDNN indices. The reduction of SDNN,
since this is an index obtained from long-term records, does not specify whether what occurred
was a reduction of parasympathetic activity or increase of sympathetic activity. However, its
association with rMSSD reduction, which translates parasympathetic activity by analyzing
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adjacent RR intervals (Malik et al., 1996), may indicate that the treatment of obesity reduced
parasympathetic activity.

These indexes didn't return to values statistically similar to those of the control group, suggesting
that the short period of treatment was not enough to normalize the autonomic activity on the
heart (Malik et al,, 1996; Acharya et al., 2006; Martins 2016).

The findings of the minimal heart rate with the same behavior in the HRV index statistics
reinforce that obese animals are more influenced by the parasympathetic activity. The minimal
heart rate also increased in the GOb after treatment, but it didn't reach the similar values of the
GCt animals (Martins, 2016).

Studies in obese humans indicate that parasympathetic stimulation from controlled deep
breathing does not trigger response in the HRV expected by increased vagal tone, as in healthy
individuals (Acharya et al., 2006).

With the results obtained in the present study;, it is possible to infer that the imbalance in
the autonomic activity due to obesity in dogs is not the same as in humans and that a greater
understanding of this regulation in these animals is necessary. Especially when considering their
physiological vagotonia which causes the vast majority of dogs to present sinus arrhythmia on
the electrocardiographic record (Goldberger, 1999).

There are many controversial studies on obesity versus autonomic activity on the heart,
suggesting areduction in parasympatheticactivity (Farah et al., 2013), reduction of both activities
(sympathetic and parasympathetic) (Karason et al., 1999) and even suggesting that obesity has
no influence over the regulation of the heart (Zoran, 2010).

Although the actual pathophysiological mechanism with which obesity in dogs analyzed in
this study increases parasympathetic activity, efforts should be directed toward studies with
larger "n" samples and with increasingly effective controls, and which could be developed for
the best elucidation of this issue. (Sampaio, 2002).

Parallel to the results of HRV indices, the electrocardiographic record allowed the preponderant
heart rhythm to be identified over the five minutes. The pre-treatment GOb presented
predominantly rhythms induced by high parasympathetic activity, such as sinus arthythmia and
sinus arrest or blockade (Tilley & Smith Junior, 2008), which occur mainly through the direct
action of acetylcholine release on the muscarinic receptors of the sinus node (Martins, 2016).
After treatment, sinus arrest or blockade reduced to occurrence in only two animals, reinforcing
the hypothesis of reduction of parasympathetic activity during weight loss (Kleiger et al., 2005).

When considering the cardiac rhythms recorded in the GCt, it is observable that even the
sinus arrthythmia that is considered physiological in the dog because of its vagotonia (Tilley &
Smith Junior, 2008) occurred in only two animals. Considering that even after acclimatization
of 10 minutes, the physical restraint for the examination can be considered a stressor stimulus
to the animal, triggering reduction of the parasympathetic activity and/or the increase of the
sympathetic activity. It would be reasonable to not wait for the occurrence of the rhythms induced
by the vagal tonus (Goldberger, 1999; Pascon, 2009; Muralikrishnan et al., 2013).

Onthe other hand, considering that obese animals suffered the same stress conditions and didn't
fail to present rhythms induced by vagal tonus, it endorses the suggestion that obesity can increase
parasympathetic activity or only inhibit its suppression in the face of stress (Penttila et al., 2001).

The high heart rate variability is associated by many scholars with the balance of autonomic
regulation over the heart (Kleiger et al.,, 2005; Vanderlei et al., 2009). However, it should be
pointed out that in species such as the dog in which there is already a predominance of the
activity parasympathetic, this tool must be interpreted cautiously in the face of obesity (Mazini,
2011; Martins, 2016).

It should be considered that from the moment that an obese dog has higher HRV than normal
dogs, somehow this disease is acting exaggeratedly on the autonomic balance (Minors & O'Grady,
1997; Liao et al., 2014).

Conclusion
The low-calorie diet program achieves approximately 10% and 20% of weight reduction after

two and six months, respectively.
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Theindex of body fat percentage, although described as a poorly sensitive method for diagnosing
obesity, is detectably reduced during weight loss.

Obesity increases HRV by increasing parasympathetic activity in the autonomic regulation
of the heart.

Obese animals are exposed to rhythm disturbances linked to increased parasympathetic
activation over cardiac batmotropism.
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