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Effect of obesity on electrocardiographic and clinical parameters in dogs
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Abstract
The present study was carried out to evaluate electrocardiographic and clinical parameters change in obese dogs. In

the current study, 210 adult dogs of any age, gender, or breed were screened for obesity. Eighteen obese dogs were
undertaken for clinical examination and haematological parameters estimation for the present study. Six dogs that
appeared to be in good health but were omitted from the study due to selection criteria served as controls. In the present
study, the mean rectal temperature of obese dogs was significantly (p<0.05) lower than apparently healthy dogs, while
pulse rate, heart rate and respiratory rate were significantly higher (p<0.01) as compared to the mean value of apparently
healthy dogs. The mean values of systolic, diastolic and mean arterial blood pressure were significantly (p<0.01) high in
obesity group dogs as compared with corresponding mean values of apparently healthy group dogs. The ECG of obese
dogs revealed no significant difference in values of P-amplitude, P-duration, PR-interval, QRS-interval, R-amplitude and
QT-interval values as compared to healthy dogs.
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Highlights
 Dog obesity is a common condition in small animal veterinary practice associated with the risk of

developing pathologies that reduce the quality of life and longevity.
 Canine obesity also alters cardiac functions; it changes cardiac rhythm, left ventricular hypertrophy,

increased blood pressure and plasma volume.
 Obese dogs are highly susceptible to developed orthopaedics diseases, diabetes mellitus, changes

in lipid profiles, cardio-respiratory diseases, urinary disorders, reproductive disorders, and
dermatological diseases.

 Canine obesity is also associated with endocrinological diseases, including hypothyroidism,
hyperadrenocorticism, and insulinoma.

 ECG use for diagnosed respiratory sinus arrhythmia (ASR) and sinus tachycardia in obese dogs.
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INTRODUCTION
Canine obesity poses a serious threat as it is a

growing endemic problem in developing countries.
Canine obesity is the greatest clinical challenge for
veterinarians, which is increasing with a similar
prevalence in human beings (McGreevy et al.,
2005; Veiga et al., 2008). Obesity is a situation
where a deposit of excessive fat in the body. Obesity
is a result of an imbalance between the intake and

usage of calories. The body stores these extra
calories as fat when the intake is higher. The
terms overweight and obese dog are used when
they have 15-30% and above 30% weight
increases from their ideal body weight,
respectively (Simpson et al., 1993; Laflamme,
2001; Ramsey and Holden, 2009). Nine-point
body condition score (BCS) system is a validated
semi-quantitative diagnostic method of



assessing the body condition of a dog which is
based on visual assessment and palpation
(Laflamme, 1997). Body condition scores
involve using visual information on overall
body shape and palpation of regions of the
body known to accumulate fat in obese dogs
(Burkholder and Bauer, 1998). Recent studies
reported that 3-40% of dogs were obese
worldwide (Robertson, 2003; McGreevy et al.,
2005; Lund et al., 2006; Weeth et al., 2007;
Courcier et al., 2010). Higher occurrence of dog
obesity is commonly seen in Labrador
Retrievers, Cairn Terriers, Cocker Spaniels,
Dachshunds, Basset hounds, Cavalier King
Charles Spaniels, Golden Retrievers and
Beagles breeds of dogs (Gurpreet, 2019).
Obesity appeared to cause exercise intolerance
via airway dysfunction in dogs, but this was
evident only during hyperpnoea (Bach et al.
2007; Salome et al. 2009). Obesity is strongly
associated with fatty l iver syndrome,
characterized by excessive fat deposition on
the liver which causes inflammation and
fibrosis. Obesity is also linked with
hypertension and left ventricular hypertrophy
in dogs (Hall, 2003). In dogs’ obesity caused
most diversity in electrocardiographic (ECG)
abnormalities. Obesity causes respiratory sinus
arrhythmia (ASR) and sinus tachycardia. In
recent studies, electrographic findings in obese
dogs showed enlarged left ventricle and ST
segment depression (Raj et al. 2016; Palatucci
et al. 2018). Therefore, it becomes necessary
to increase awareness about dog obesity as a
serious medical condition in small animal
veterinary practices. The present study was
planned with the following objectives to
record prevalence, risk factors and clinical
parameters alteration in dogs suffering from
obesity.

MATERIALS AND METHODS
Source of animals

The present study was conducted on dogs
presented for routine clinical examination/
vaccination in the canine out door of the
Veterinary Clinical Complex, College of
Veterinary and Animal Science, Bikaner.

Selection of animals
Two hundred and ten adult dogs of different

breeds and both sexes were screened for obesity
based on body condition score. The body
condition scores of dogs were allotted as per
whole number value 1 to 9 during the time of
visual examination and palpation system
(Laflamme, 1997; Burkholder and Toll, 2000).

According to Ricci et al.  (2007), BCS
dividing into four classes were considered: Lean
dogs (BCS 1-3), Ideal body weight dogs (BSC
4-5), Overweight dogs (BCS 6-7) and obese
dogs (BCS 8-9).

On the basis of body condition score, a
minimum of eighteen obese dogs were divided
into three groups having six in each for clinical
examination and haemato-biochemical
parameters estimation. Six healthy dogs without
discrimination of age, sex, breed and based on
selection criteria were taken as the control group
in the present study.

History
Information regarding breed, age, gender,

neutering, type of food, number of feeding per
day, physical exercise, and owner’s awareness
about their pet’s obesity were collected as per
the designed questionnaire.

Clinical examination
A complete thorough clinical examination

of the dogs was done at the beginning of the
study. Clinical parameters like rectal
temperature (oF), pulse rate (per minute), heart
rate (per minute), respiration rate (per minute),
blood pressure (mmHg) and electrocardio-
graphy changes were recorded. A thorough
auscultation of heart and lungs was done. Body
Condition Score of each dog was evaluated
using 9-points score (Laflamme, 1997) and
recorded in the questionnaire.

Auscultation of heart and lungs
Auscultation of cardiac area: Heart was
auscultated on the left side at 2nd intercostals space
just above sternum, 4-5th intercostals space at
costochondral junction, and right side at 3rd-5th

intercostals space at costochondral junction.
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Thoracic auscultation: This was done using a
stethoscope on both sides of lung fields of the
thorax. Following parameters were examined.
A. Normal lung sounds (bronchial  and

vesicular)
B. Type and location of any abnormality in

lung sounds (Crackles and wheezes)
C. Determining the specific phase of the

respiratory cycle in which abnormality in
lung sounds occur, which was important for
categorizing the sound and determining the
most likely pathology.

Electrocardiography
Electrocardiographic recording of all obese

dogs was done at the time of complete clinical
examinations. The following parameters were
studied on lead II as per the method described
by Martin (2007).

1. P- amplitude,
2. P- duration
3. P-R interval
4. QRS complex interval
5. R- amplitude
6. Q-T interval

The standard electrocardiograph was used
for recording the electrocardiogram having the
following details.
(i) Electrocardiograph: Electrocardiographic

tracing of each obese dog was recorded
with a digital electrocardiograph
manufactured by Khera Instruments Pvt.
Ltd., Delhi. The sensitivity of the machine
was adjusted so that for 1 mv current
deflection was at 10 mm. The paper speed
was set at 25 mm/sec.

(ii) Electrodes: The standard electrocardio-
graphic cable was made of five separate
cable electrodes labeled right arm (RA), left
arm (LA), right foot (RF), left foot (LF) and
the V lead or exploring precordial chest
lead. Specific colour cable used to indicate
each electrode as follows:

RA- Red, LA- Yellow, RF- Black, LF- Green,
V- white
Electrode contact with the animal’s body was
achieved by connecting alligator clips.

Lead system used:
Bipolar standard lead:
Lead II:     Left hind-limb positive
                  Right fore-limb negative

Procedure for recording the
electrocardiogram: The animal was muzzled
and placed in right lateral recumbency on the
examination table (insulated). An attendant held
the fore-limbs of dog with his right hand and
the hind-limbs with his left hand. His right
forearm rested on the dog’s shoulder while the
left-fore arm was placed over its hind quarters.
Gaps were being made between the fore-limbs
and hind-limbs by placing two fingers to avoid
direct contact between limbs and electrodes
attached to the limbs.

The area just above the elbow in the fore-
limb was cleaned with cotton, and ECG
electrode gel (Technoking) was liberally applied
in sequence to degrease the site and facilitate
conduction of electrical charges. On the hind-
limbs, the skin just above the stifle was prepared
in a similar manner.

Alligator clips were connected to the skin
with the appropriate limb electrodes, i.e., LA-
left fore-limb, RA- Right fore-limb, LF- left
hind-limb, RF- Right hind-limb. Care was taken
to restrict the movement of animal. The heat
sensitive electrocardiogram paper was inserted
into the slot provided. After checking all lead
connections, the off/on button in the
electrocardiograph was pressed on and P-QRS-
T deflections were recorded on the moving
electrocardiogram paper.

After the end of recording,  the
electrocardiogram strip was detached from the
roll and identification marks were made on it:
case number, date, age, breed and stage of
presentation of dogs. After verifying all the lead
tracing in the paper, the clips were released from
the dog’s body.

Blood pressure measurement (mmHg)
Non-invasive blood pressure (systolic and

diastolic blood pressure) of all the obese dogs
was recorded using a sphygmomanometer
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(SunTech Vet) with latex bulb for pumping up
the cuff. This technique detects arterial pulsation
by using an inflating and deflating cuff wrapped
around either antebrachium or distal pelvic limb
(Stepien and Rapoport, 1999) in a quiet,
comfortable environment after the dog has
become acclimated for at least a few minutes.
The first reading was discarded, and 3 additional
measurements were obtained with submitting
20% variability, averaging to yield the blood
pressure measurement (Creedon and Davis,
2012). This method is considered the best
method for dogs in clinical use (Sorvoja and
Myllyla, 2006).

Mean arterial blood pressure (mmHg): Mean
arterial blood pressure was calculated by the
following formula:
Mean arterial pressure (MAP) = (Systolic blood
pressure + (2×Diastolic blood pressure))/3

Statistical analysis: The data obtained in the
present research work was statistically analyzed
and compared using standard formulas given
for mean, standard error and t-test as per the
procedures explained by Snedecor and Cochran
(2004).

RESULTS
This study was carried out to record clinical

parameters (blood pressure and
electrocardiographic) in dogs suffering from
obesity. On the basis of BCS, eighteen obese
dogs were divided into three groups having six
in each for clinical examination, haemato-

biochemical parameters estimation and
therapeutic trial. Six normal weight dogs
without discrimination of age, sex, and breed
were included in the control group.

Clinical observations
Temperature, pulse and respiration: The
Mean ± SE values of rectal temperature (°F),
pulse rate (per minute), heart rate (per minute)
and respiration rate (per minute) of obese dogs
and apparently healthy dogs are presented in
Table 1 and depicted in Fig. 1.

Rectal temperature (ºF): The mean ± SE values
of rectal temperature (ºF) in obese dogs and
apparently healthy dogs were 101.10±0.31 and
101.96±0.21, respectively. The obese dog’s
temperature was significantly lower (p<0.05)
than healthy dogs.

Pulse rate (per minute): The mean ± SE values
of pulse rate (per minute) in obese dogs and
apparently healthy dogs were 132.05±2.09 and
97.85±7.99, respectively. In the present study,
the mean value of pulse rate in obese dogs was
significantly higher (p<0.01) when compared
with the mean value of pulse rate of apparently
healthy dogs.

Heart rate (per minute): The mean ± SE values
of heart rate (per minute) in obese dogs and
apparently healthy dogs were 126.72±2.29 and
92.57±7.08, respectively.

Respiration rate (per minute): The mean ± SE

Table 1. Mean ± SE values of temperature (°F), pulse rate (per minute) and respiration rate
(per minute) of obese dogs and apparently healthy dogs

Sl. Parameters Obese dogs Healthy dogs Statistical analysis
No. (n=18) (n=6) (T test)
1 Rectal Temperature (ºF) 101.10±0.31 101.96±0.21 S*
2 Pulse rate (per minute) 132.05±2.09 97.85±7.99 S**
3 Heart rate (per minute) 126.72±2.29 92.57±7.08 S**
4 Respiration rate (per minute) 37.83±1.96 27.85±1.70 S**

The asterisk (*) indicates significant (p<0.05) difference, (**) indicates highly significant (p<0.01) difference and
NS indicates non significant (p>0.05) difference
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values of respiration rate (per minute) in obese
dogs and apparently healthy dogs were
37.83±1.96 and 27.85±1.70, respectively. The
respiratory rate was significantly higher
(p<0.01) in obese dogs than apparently healthy
dogs.

Blood pressure (mmHg): The Mean ± SE values
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Fig. 1. Mean values of physiological parameters of obese and apparently healthy dogs

of systolic blood pressure (mm/Hg), diastolic
blood pressure (mm/Hg) and mean arterial
blood pressure (mm/Hg) of obese dogs and
apparently healthy dogs are presented in Table
2 and depicted in Fig. 2.

The mean ± SE values of systolic blood
pressure (mmHg), diastolic blood pressure
(mmHg) and mean arterial blood pressure

Table 2. Mean ± SE values of blood pressure (mmHg) of obese dogs and apparently healthy dogs

Sl.                 Parameters Obese dogs Healthy dogs Statistical
No. (n=18) (n=6) analysis

(T test)
1 Systolic blood pressure (mmHg) 162.94±2.75 131.67±4.64 **
2 Diastolic blood pressure (mmHg) 89.05±1.90 81.14±4.15 **
3 Mean arterial blood pressure (mmHg) 113.64±1.87 98.27±4.04 **

The asterisk (*) indicates significant (p<0.05) difference, (**) indicates highly significant (p<0.01) difference and
NS indicates non significant (p>0.05) difference

 
Fig. 2. Mean values of blood pressure (mmHg) of obese and apparently healthy dogs
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Sl.                 Parameters Obese dogs Healthy dogs Statistical
No. (n=18) (n=6) analysis

(T test)

Table 3. Mean ± SE values of electrocardiographic variables of obese dogs and apparently
healthy dogs

1 P- amplitude (mv) 0.4±0.02 0.4±0.06 NS
2 P- duration (sec.) 0.05±0.002 0.04±0.003 NS
3. P-R interval (sec.) 0.09±0.002 0.08±0.004 NS
4 QRS complex interval (sec.) 0.06±0.004 0.06±0.004 NS
5 R- amplitude (mv) 1.85±0.05 1.65±0.10 NS
6 Q-T interval (sec.) 0.26±0.009 0.24±0.019 NS

The asterisk (*) indicates significant (p<0.05) difference, (**) indicates highly significant (p<0.01) difference and
NS indicates non significant (p>0.05) difference

(mmHg) in obese dogs were 162.94±2.75,
89.05±1.90 and 113.64±1.87, respectively,
whereas corresponding value in apparently
healthy dogs were 131.67±4.64, 81.14±4.15
and 98.27±4.04, respectively. The mean value
of blood pressure was significantly (p<0.01)
higher in obese dogs than the corresponding
mean value of apparently healthy dogs.

Electrocardiogram (ECG): The ECG of obese
dogs and apparently healthy dogs were taken
on lead II.  The mean ± SE values of
P-amplitude (mv), P-duration (sec.), P-R interval
(sec.), QRS complex interval (sec.),

 

R- amplitude (mv) and Q-T interval (sec.) of obese
dogs and apparently healthy dogs are presented in
Table 3 and depicted in Fig. 3, 4 and 5.

The mean ± SE value of P-amplitude (mv),
P-duration (sec.), P-R interval (sec.), QRS
complex interval (sec.), R-amplitude (mv) and
R-amplitude (mv) in obese dogs were 0.4±0.02,
0.05±0.002,  0.09±0.002, 0.06±0.004,
1.85±0.05 and 0.26±0.009, respectively,
whereas, corresponding values in apparently
healthy dogs were 0.4±0.06,  0.04±0.003,
0.08±0.004,  0.06±0.004, 1.65±0.10 and
0.24±0.019, respectively.

Fig. 3. Mean values of electrocardiographic variables of obese and apparently healthy dogs
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Fig. 4. Electrocardiograph of apparently healthy dog

Fig. 5. Electrocardiograph of obese dog showing normal parameters

Fig. 6. Obese dog with recording ECG
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Sl. Breeds            Body weight (kg)
No. Male Female
1 Akita 31.0-38.5 30.0-34.0
2 Basset Hound 29.5-34.0 22.5-29.5
3 Beagle 5.8-8.0 5.8-7.0
4 Boxer 25.0-31.0 30.0-31.0
5 Bull Dog 20.0-25.0 18.0-22.5
6 Chihuahua 0.9-2.7 0.9-2.5
7 Chow Chow 20.4-22.5 18.0-22.5
8 Cocker Spaniel 11.3-13.5 9.07-11.33
9 Collie 31.0-38.5 30.0-34.0
10 Dachshund 7.25-10.0 7.25-10.0
11 Dalmatian 22.5-31.0 20.5-25.0
12 Doberman Pinscher 29.5-36.0 25.0-32.0
13 German Shepherd 34.0-41.0 29.5-36.0
14 Golden Retriever 29.5-34.0 25-29.5
15 Great Dane 54.5-81.5 45.5-59.0
16 Labrador Retriever 29.5-36.0 25.0-36.0
17 Pomeranian 1.5-3.0 1.5-2.0
18 Poodle 22.5-27.0 20.5-25.0
19 Pug 6.5-8.0 6.5-8.0
20 Rottweiler 36.0-43.0 32.0-38.5
21 Saint Bernard 59.0-82.0 54.5-72.5
22 Siberian Husky 20.05-27.0 16.0-22.5
23 Yorkshire Terrier 1.8-3.0 1.8-2.7

DISCUSSION
Our study investigated the effect of obesity

on clinical and electrocardiography parameters
in dogs. In the present study, the body
temperature of obese dogs was significantly
(p<0.05) lower than apparently healthy dogs.
Similar to this finding, Landsberg et al. (2009),
Piccione et al. (2011) and Hynd et al. (2014)
also reported significantly lower rectal
temperature in obese dogs than that of lean dogs.
The lower rectal temperature in the obese dog
may result from increased metabolic efficiency
achieved by a regulated lowering of the body
like other species of homeotherms (Piccione
et al., 2011). Obese dogs have a thicker layer
of subcutaneous fat , which alters the
thermoregulation mechanism of the body. In
obese dogs, lower body temperature might be
associated with higher body mass index.

In the present study, the mean value of heart
rate and pulse rate in obese dogs was
significantly higher (p<0.01) when compared
with the mean value of pulse rate of apparently
healthy dogs. Our finding is in agreement with
the findings of Rocchini et al. (1989), Granger
et al. (1994), Van Vliet et al. (1995), Truett
et al. (1998), Verwaerde et al.  (1999),
Kuruvilla and Frankel (2003), Lohmeier et al.
(2012), Tvarijonaviciute et al.  (2012) and
Pérez-Sánchez et al. (2015), who also reported
that obesity increases the heart rate, blood
pressure (hypertension) in pet animals. Biphasic
changes in autonomic nervous system
(Increased sympathetic activation and/or
reduced parasympathetic control) may be
responsible for increased heart rate and blood
pressure in obesity (Palatini, 2011).  The
findings  in our study are  in accordance  with
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Lohmeier et al. (2012), who reported that body
weight significantly positively correlation with
higher mean arterial pressure and heart rate.
Additionally, in obese dogs, left ventricular free
wall thickness at end diastole and end systole
are found as compared to lean dogs. Due to the
increased fat tissue in obese dogs, the mass of
tissues that have to be oxygenated by the heart
increases, resulting in a significant increase in
heart’s function by increasing blood volume
and pulse volume, which has to be pumped by
the heart.

The respiratory rate was significantly higher
(p<0.01) in the obese group of dogs than the
apparently healthy group of dogs. Similar
findings were also reported by Bach et al. (2007),
Braos et al. (2009), Manens et al. (2012) and
Chandler (2016). The possible reason for higher
respiratory rate in obese dogs had significantly
greater intra-thoracic fat deposition than lean
dogs. Excessive intra-thoracic and intra-
abdominal fat concentrations cause disturbance
in lung expansion and diaphragm contractility,
respectively. It would be important to mention
that obesity through previous mechanism
significantly exacerbates a pre-existing
respiratory problem (Fonfara et al., 2011).

The mean value of blood pressure was
significantly (p<0.01) higher in obese dogs as
compared with the corresponding mean value
of apparently healthy dogs.  The present
findings corroborated with Massabuau et al.
(1997), Verwaerde et al.  (1999), Montoya
et al. (2006), Neto et al. (2010), Lohmeier
et al. (2012), Mehlman et al. (2013) and Jose
Lahm Cardoso et al. (2016), who also reported
higher systolic blood pressure, diastolic blood
pressure and mean arterial blood pressure in
obese dogs as compared to lean or normal
weight dogs. There are various mechanisms by
which obesity causes hypertension, and it
involves several organic mechanisms such as
activation of the renin-angiontensin-aldosterone
system (RAAS), increased activity of the
sympathetic nervous system (SNS), which have
been described in experimental studies with
dogs (Joles, 1998; Palatini, 2011; Chandler,

2016).
In obese dogs with increased adipose tissue,

plasma concentrations of angiotensinogen tend
to be elevated due to adipose-derived
angiotensinogen, which subsequently leads to
higher amounts of angiotensin-II and increased
angiotensin-II causes vasoconstriction of blood
vessels and retention of sodium by the kidneys
via aldosterone release which increases the
blood pressure and eventually results in
cardiovascular dysfunction. Lohmeier et al.
(2012) suggested that another possible reason
may be weight increase induces baroreflex
activation and renal denervation abolished
obesity-induced hypertension in dogs.

Lower circulating adiponectin (particularly
adipokine) concentrations in obese dogs might
be related to insulin resistance or reduced
insulin sensitivity through the action of AMP-
activated protein kinase (Hotta et al., 2001). As
reported in humans (Jung et al., 2014), low
adiponectin values might be indicative of
hypertension in obese dogs (Tvarijonaviciute
et al., 2012; Adolphe et al., 2014).

In the present investigation, there was a non-
significant difference in the mean values of all
the variables of electrocardiography of obese
dogs and apparently healthy dogs. The results
of the present study were in accordance with
the results of Neto et al. (2010) who reported
non-significant alterations of all
electrocardiographic variables. In the present
study, electrocardiography findings the P wave
duration (sec.), prolonged Q-T interval (sec.)
and P-R interval were non significantly
increasing mean value in obese dogs compared
to healthy dogs. In obese dogs, longer P wave
duration indicates left atrial enlargement due
to atrial fibrillation. Raj et al. (2016) suggested
that electrical alterations in the ECG might be
due to alterations in electrical conduction
through the atria and left ventricle hypertrophy.
These similar findings were also reported by
Wolf et al. (2000) and Mehlman et al. (2013).
The P-R interval indicates the severity of obesity
(Alpert et al., 2001). In the present study,
prolonged Q-T interval (sec.) increases the
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possibility of left ventricular enlargement and
ventricular fibrillation. These findings agree
with the result of Piantedosi et al. (2016), who
reported that the values of free wall of the left
ventricle and interventricular septal thickness
were higher at end-diastole in obese dogs as
compared to normal weight dogs.

The present study was conducted to record
clinical parameters, blood pressure and
electrocardiography in obese dogs. In the present
study, there was a significant difference in
clinical parameters in obese dogs as compared
to apparently healthy dogs. The mean rectal
temperature of obese dogs was significantly
(p<0.05) lower than apparently healthy dogs,
while pulse rate, heart rate and respiratory rate
were significantly higher (p<0.01) as compared
to the mean value of apparently healthy dogs.
The mean values of systolic blood pressure,
diastolic blood pressure and mean arterial blood
pressure were significantly (p<0.01) higher in
obese dogs as compared with corresponding
mean values of apparently healthy dogs. The
ECG of obese dogs revealed a non-significant
difference in values of P-amplitude, P-duration,
PR-interval QRS interval, R amplitude and QT
interval values compared to healthy dogs. The
present study concluded that dog obesity affects

the major vital organ function and decreases the
life span of companion animals. Canine obesity
alters physiological parameters of the body like
respiratory rate, heart rate and metabolic rate. It
also causes hypertension which is a risk factor
for cardiovascular diseases. The present study
suggests the owners for regular exercise and
monitors the body weight of dogs. Exercise and
a low fat-high protein diet are better for
managing obesity in dogs.
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