Subclinical Myocardial Injury in Clinically Healthy Obese Dogs
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AB ST RAC T

The aim of this study was to evaluate the relationship between obesity and adipokines and also to determine
subclinical myocardial injury by cardiac biomarkers. Twenty-five healthy obese (HO) and 15 healthy normal
weight (HN) mixed breed dogs were enrolled in the study. Blood sampling and cardiologic examination
were performed in all dogs in order to exclude any diseases. The HO group had higher levels of triglycerides
(P<0.005), glucose (P<0.025), and lower levels of creatinine (P<0.010) compared to HN dogs. HO dogs
had higher serum leptin (P<0.001) but lower adiponectin concentrations (P<0.009) than HN dogs. Systolic
blood pressure (P<0.004) and serum concentration of cardiac troponin T was significantly higher in HO
dogs compared to HN dogs (P<0.038). There was no statistical significance in concentrations of blood urea
nitrogen, alanine aminotransferase, alkaline phosphatase, albumin, total protein, cholesterol, cardiac troponin
I, and N-terminal pro brain natriuretic peptide between HO and HN dogs. The bivariate analysis revealed
that triglyceride, leptin and systolic blood pressure had positive (r=0.45, P<0.01; r=0.78, P<0.001; r=0.46,
P<0.05, respectively) and adiponectin had negative correlation with body condition score (r=-0.39, P<0.05).
Cardiac troponin T had a positive correlation with systolic blood pressure (r=0.56, P<0.01). The findings
indicate that unfavorable metabolic and lipid changes in obese dogs and systemic hypertension have harmful
effects on the myocardium. Elevation of serum cardiac troponin T in obese dogs compared to healthy dogs
could represent a probable subclinical myocardial damage in obese dogs.
Keywords: Cardiac Biomarkers; Hypertension; Metabolic Disorder; Troponin.

Obesity is a common nutritional disorder in dogs and the
incidence has been reported to range from 24% to 44% (1).
Obesity typically occurs when an animal consumes more
calories than expends and has decreased physical activity.
As in humans, obesity in dogs is commonly associated with
increased risks of diseases, such as diabetes (2), pancreatitis
(3), hypothyroidism (4), dyslipidemia (5), osteoarthritis (6),
hypertension (7), altered kidney function (8) and respiratory
distress (1). In humans, obesity is an independent risk factor
for the development of obesity-related cardiac dysfunctions.
Various adaptations and changes in the structure and the

function of the heart are observed in cases of obesity. In the
case of overweight or obesity, various cardiovascular system
diseases including coronary heart disease, heart failure, venous insufficiency, venous thrombosis, pulmonary embolism,
hypertension, arrhythmia and sudden death can be observed
(9, 10). In dogs, obesity can adversely affect the cardiovascular
system as reported in humans. Rocchini et al. (11) reported
that weight gain in dogs causes an increase in heart rate, blood
pressure, cardiac volume, plasma volume and fasting insulin
concentration. Weight gain causes heart rhythm deterioration
and an increase in left ventricular volume, plasma volume and
blood pressure (12). In obesity, changes in the morphological
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structure of the heart are similar to those of hypertension
and eccentric hypertrophy arises as the first morphological
change in the left ventricle (13). However, there are a limited
number of studies of left ventricular hypertrophy and cardiac
functions in obese dogs (14, 15), and no biomarker study of
possible cardiac damage has been conducted among clinically
healthy obese dogs.
The hypothesis of the present study was to propose that
obesity may lead to subclinical myocardial injury in clinically
healthy obese dogs. For this purpose, the objective of this
study was to determine the relationship between obesity and
adipokines, and also hypertension and cardiac biomarkers in
obese dogs.
MATERIALS AND METHODS

The study was approved by the ethics committee of the
Faculty of Veterinary Medicine, Selcuk University (Permit
number: 2017/59).

Study population

Twenty-five clinically healthy obese (HO) and 15 healthy
normal weight (HN) client-owned dogs were included
in the study among the referral population of the Selcuk
University, Veterinary Faculty, Department of Veterinary
Internal Medicine, Small Animals Hospital from October
2017 to November 2018. The dogs from different breeds included into the HO (12 Golden Retriever, 3 Beagle, 2 Boxer,
2 Corgi, 1 English Cocker, 1 Labrador Retriever, 1 Pug, 1
Rottweiler, 1 German shepherd dog, 1 Anatolian shepherd
dog) and HN (5 Golden Retriever, 5 Anatolian shepherd
dogs, 1 Terrier, 1 Rottweiler, 1 Pointer, 1 Arab hound and 1
mixed) groups.
Animals with evidence of pre-existing endocrine diseases
(e.g. diabetes mellitus, hypothyroidism, hyperadrenocorticism), hepatic and/or renal failure, congenital or acquired
cardiac diseases or any inflammatory/infectious diseases were
excluded from the study.

Three consecutive measurements of systemic arterial blood
pressure were performed using an automated oscillometric
system (Compact 7, Medical Econet, Germany) on the left
forelimb of conscious dogs in right lateral recumbency. The
systolic blood pressure (SBP) and diastolic arterial pressure
(DAP) were recorded.

Cardiologic examination

A standard six-lead electrocardiogram (VE-300, Edan,
China) was performed in right lateral recumbency and the
electrocardiography (ECG) traces were recorded (paper
speed: 50 millimeters second (mm/s); calibration at 1 millivolt (mV)=1 centimeter (cm). Transthoracic echocardiography (Apogee 3500V, SIUI, China) was performed only in
dogs with suspected heart disease and, excluded from the
study when any heart problem was detected.

Sample collection

The animals remained fasting for 12 hours prior to the collection of blood samples. Ten milliliters of blood was collected
by vena cephalica venipuncture and placed in tubes without
anticoagulant, allowed to clot, and centrifuged at 2000x g for
5 minutes at 4°C. After extraction, half of the serum samples
were stored at -80°C and defrosted immediately before the
enzyme-linked immunosorbent assay (ELISA) analysis. The
remaining half used for biochemical analyzes.

Biochemical analyzes

Glucose, blood urea nitrogen (BUN), creatinine, triglycerides,
total cholesterol, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), albumin and total protein (TP) concentrations were measured by
a semi-automatic biochemical analyzer (BT 3000 plus, Italy).

Adipokines and cardiac biomarkers analyze

A nine-point body condition score (BCS) system (16) was
utilized and scores were allocated by the same investigator.
Dogs with a BCS≥7/9 were considered obese (17). The dogs,
which included in the normal weight (HN) group had a BCS
of 4-5/9 and were considered to be healthy based on clinical
examination and laboratory analyzes.

Serum leptin, adiponectin, cardiac troponin I (cTnI), cardiac
troponin T (cTnT) and N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels were measured according to
the manufacturer’s protocol using a canine leptin commercial sandwich ELISA kit (Lep, MyBioSource, USA), canine
adiponectin commercial ELISA kit (Acrp30, MyBioSource,
USA), canine cTnI commercial ELISA kit (cTnI,
MyBioSource, USA), canine cTnT commercial ELISA kit
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(cTnT, MyBioSource, USA) and canine NT-proBNP commercial ELISA kit (NT-proBNP, MyBioSource, USA).

Statistical analysis

One sample Kolmogorov-Smirnov test was used to determine whether the data were parametric or nonparametric.
Parametric data were evaluated with Student t-test as mean
± standard deviation (SD) and non-parametric data were
evaluated by Mann Whitney U test as median (min/max).
For detection of correlation between variables, Spearman
correlation test was used. Linear regression analysis was also
conducted for cTnT and SBP (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). Statistical significance was considered as
significant at P<0.05.
RESULTS

The mean age, body weight (BW) and BCS recorded in the
HO dogs (12 males and 13 females) were 4.25±2.51 years,
34.45±13.31 kg and 8.33±0.48, respectively; compared with
4.69±2.01 years, 26.50±6.50 kg and 4.46±0.51, respectively
for the HN dogs (5 males; 10 females). The two groups
showed a significant difference in BW (P<0.05).
Although, SBP was significantly higher in HO than HN
(173.81±10.76 mmHg and 130.08±12.24mmHg, respectively) (P<0.004), there was no significant difference in DBP
(104.09±11.17mmHg and 93.91±26.85mmHg) and heart
rate (HR) (146.42±25.30 and 132.72±25.33) between HO
and HN groups, respectively (P>0.05).
Totally 19 obese dogs were decided not to be considered
for further investigation because of mild mitral regurgitation
(6=dogs), various types of LV diastolic dysfunction (n=4),
pulmonary hypertension (n=1), LV asynchrony (n=1), atrial
fibrillation (n=2), supra-ventricular premature complex (n=4)
and second degree atrioventricular block (n=1). Although
some HO dogs which were included in the study had various
types of physiologic dysrhythmias (sinus tachycardia (n=3),
sinus arrhythmia (n=8), and sinus bradycardia (n=2)), the
echocardiographic indices of the systolic and diastolic functions were within the reference ranges.
The results of serum biochemistry, levels of adipokines,
and cardiac biomarkers summarized in (Table 1). The HO
group had higher levels of triglycerides (P<0.005), glucose
(P<0.025), and lower levels of creatinine (P<0.010) compared
Israel Journal of Veterinary Medicine  Vol. 75 (3)  September 2020

to HN dogs. There was no statistically significant difference
in the concentration of BUN, ALT, ALP, albumin, TP and
total cholesterol among study groups. On the other hand,
the higher levels of leptin (P<0.001), cTnT (P<0.038) and,
lower levels of adiponectin (P<0.009) were found in HO dogs
compared to HN dogs. There was no significant alteration in
cTnI and NT-proBNP between the study groups.
The bivariate analysis revealed that triglyceride, leptin
and SBP had a positive correlation (r=0.45, P<0.01; r=0.78,
P<0.001; r=0.46, P<0.05, respectively) and adiponectin had
a negative correlation with the BCS (r=-0.39, P<0.05).
Cardiac troponin T had a positive correlation with SBP
(r=0.56, P<0.01) (Table 2). Linear regression analysis revealed
a significant equation (F (1,21)=7.885, P<0.011) with an
R2=0.273 between cTnT and SBP (Figure 1).
Linear regression analysis showed a significant slope (F
(1,21)=7.885, P<0.011) with an R2=0.273 between cTnT
and SBP. This simple scatter with fit line of cTnT by SBP
demonstrated positive significant association between serum
levels of cTnT and measured SBP in healthy obese dogs.
DISCUSSION

Obesity in dogs is associated with many diseases such as dyslipidemia, cardiovascular diseases, diabetes mellitus, orthopedic and urinary disorders (12), and most of the time these are
insidious. Biochemical analysis and biomarker measurements
are beneficial tools for the diagnosis and management of
these concurrent diseases with obesity. In this study, some
biochemical parameters, adipokines, and cardiac biomarkers
of the obese and normal-weight dogs were evaluated.
Hyperlipidemia is one of the most common metabolic
disorders observed in obese people and animals (18, 19).
In a study conducted on overweight and obese dogs, serum
triglycerides, and cholesterol concentrations have been reported to be higher than normal-weight dogs (19). In the
present study, serum triglyceride concentration were found
to be significantly higher in HO dogs compared to HN and
positively correlated with BCS (7). Hypertriglyceridemia
observed in our study has also expressed by several researchers
(20, 21). Weight gain in dogs is characterized by an increase
in serum glucose concentration (22). In dogs, overweight
and obesity are considered as a cause of insulin resistance.
However, insulin resistance can be seen in dogs without the
presence of diabetes mellitus (23). In the present study, serum
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Table 1: Results of blood variables. Comparison of selected biochemical, and cardiac biomarker variables in 25 clinically healthy obese dogs
and 15 healthy normal weight dogs, with data being expressed as mean ± SD and median (range) in parentheses.
Variables
BUN (mg/dL)
Creatinine (mg/dL)
ALT (U/l)
ALP (U/l)
Glucose (mg/dL)
Albumin (g/dL)
Total protein (g/dL)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
Adiponectin (ƞg/mL)
Leptin (ng/mL)
Cardiac troponin T (ƞg/mL)
Cardiac troponin I (ƞg/mL)
NT-proBNP (ƞg/mL)

HN group
15.06±6.35
1.23±0.30
31.26±14.16
65±27.35
90.26±13.44
3.48±0.27
7±0.63
195.20±52.83
210±123.8
12.3 (0.2/55)
0.7 (0.1/1.6)
104 (45/172)
0 (0/6)
0 (0/40)

HO group
12.12±5.56
0.99±0.24
41.08±21.73
58.76±35.55
100.92±14.22
3.50±0.35
6.94±0.52
210.48±48.38
384±206.63
3.1 (0/31)
3 (1/8)
236 (23/1000)
0 (0/37)
0 (0/18)

P value
0.132
0.010
0.130
0.563
0.025
0.822
0.765
0.356
0.005
0.009
0.000
0.038
0.581
0.069

Table 2: Correlation statistics. Spearman correlation coefficients of selected metabolic and cardiovascular variables
in 25 clinically healthy obese dogs.
Variables
SBP
Triglyceride
Adiponectin
Leptin
cTnT
NT-proBNP
BCS

SBP
1

Triglyceride
0.34
1

Adiponectin
-0.14
0.13
1

Leptin
0.63***
0.49**
-0.33*
1

cTnT
0.56**
-0.05
-0.17
0.20
1

NT-proBNP
-0.32
-0.19
0.40**
-0.28
-0.08
1

BCS
0.46*
0.45**
-0.39*
0.78***
0.17
-0.39*
1

* P<0.05. ** P<0.01. *** P<0.001.
Table 3: Linear regression analysis showed a significant slope (F(1.21)=7.885, P<0.011) with an R squared=0.273 between cTnT and SBP.
This simple scatter with fit line of cTnT by SBP demonstrated positive significant association between serum levels of cTnT
and measured SBP in healthy obese dogs.
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glucose concentration was found to be statistically higher in
obese dogs compared to normal weight dogs. However, the
high glucose concentration in obese dogs was within normal
reference values. Increased serum glucose concentration in
obese dogs is consistent with the findings of many investigators (19, 22).
Raffa et al. (19) showed that creatinine concentration to
be low only in obese dogs. In the present study, creatinine was
significantly lower in the HO group compared to the HN
group. It is widely recognized that creatinine concentrations
are related to muscle mass (24). The reduction of creatinine
levels in obese dogs may be a result of decreased muscle mass
due to increased adipose tissue (25). It has been reported that
obesity may lead to an increase in systemic hypertension,
glomerular intracapillary pressure, hyperfiltration, glomerular
filtration rate in humans and an increase in creatinine clearance (26). This latter finding may be an early indication of
renal dysfunction.
Adiponectin and leptin have an important role in the
pathophysiology of obesity (27). Park et al. (28) and Park et
al. (29) showed that obese dogs have high levels of serum
leptin and low levels of serum adiponectin. Our results
showed that in HO dogs, serum leptin levels were higher
and serum adiponectin levels were lower compared to HN
dogs (Table 1). On the other hand, there was a positive correlation between leptin, triglycerides, and BCS and negative
correlation of adiponectin and BCS (Table 2). Previous
studies proposed the association of high levels of leptin
with adipose tissue mass (30), leptin resistance (28, 29) and
blockage of lipogenic effects of insulin (30) and also, lower
levels of adiponectin to be associated with adipose tissue mass
(27, 29), insulin resistance (31) and reduction in adiponectin
gene expression due to release inflammatory mediators from
adipose tissue (27).
Systemic hypertension in one of the important complications of obesity in humans (32). Studies in obese dogs
clearly show that dogs with higher BCS had a higher risk of
systemic hypertension (7, 11). Our results showed that SBP
in HO dogs is significantly higher than HN dogs (Table 1).
Moreover, there was a positive correlation between leptin and
SBP. Piantedosi et al. (33) concluded that systemic hypertension in obese dogs is related to higher leptin levels and lower
adiponectin levels in circulation.
Other studies demonstrated that some mechanisms such
as renin-angiotensin-aldosterone system activation could lead

to systemic hypertension in obese and overweight dogs (9). In
the cases of obesity-related hypertension, the most affected
organ is the heart (34). Morphological changes (eccentric and
concentric hypertrophy) as well as microscopic changes (e.g.,
oxidative stress, fibrosis, and apoptosis) has been reported in
both humans and animals (15, 35).
Cardiovascular diseases are commonly encountered in
both human and veterinary medicine (36). Cardiac biomarkers are required as parameters that diagnose a cardiac disease
with as high sensitivity and specificity as possible whether it
is primary or secondary. The reason for the increasing interest
in cardiac biomarkers is due to their are convenience, low
cost, non-invasive, risk-free, fast turn-around time, efficient
and highly specificity and sensitivity (37).
The most specific and commonly used cardiac biomarkers
in the veterinary field are cTnT, I, and NT-proBNP (38).
Cardiac troponins are specific indicators of cardiomyocyte
damage (39). Cardiac damage causes destruction in myocytes resulting in cardiac troponins, a component of the heart
muscle, passing into the bloodstream. These biomarkers are
undetectable in the blood of healthy animals (36). Our results
showed that the serum concentration of cTnT is significantly
higher in HO dogs compared to HN dogs. There was no
significant change in cTnI and NT-proBNP between HO
and HN dogs (Table 1). In addition, there was a positive correlation between cTnT and SBP (Table 2) (Figure 1). Setsuta
et al. (32) in a study of 176 patients with hypertension showed
that most of the patients with hypertension had higher cTnT
levels than those with normal blood pressure. Researchers
have explained this condition resulting from left ventricular
hypertrophy, interstitial fibrosis and apoptosis of the contractile apparatus. Changes in the morphological structure
of the heart in obesity (cardiac remodeling) were found to be
similar to that of cases of hypertension (13). Piantedosi et al.
(33) suggested that obesity may be associated with systemic
hypertension and left ventricular hypertrophy in dogs.
Cardiac troponin T is known as a specific biomarker of
the heart muscle (98% myofibril bound and 2% cytosolic) and
released at minimal levels from the skeletal muscles (38, 43).
Burgener et al. (40) showed that in acute myocardial damage
in dogs, high concentrations of serum cTnT demonstrated
myocardial injury. Another study of dilated cardiomyopathy
(DCM) in dogs also showed that 63% of dogs with DCM
had higher levels of cTnT in comparison to dogs in the control group (41). And finally, O’Brien et al. (42) demonstrated
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that cardiac troponin T is a sensitive and specific biomarker
of cardiac injury in laboratory animals. In the present study,
the high levels of cTnT in obese dogs can be interpreted
by myocardial damage due to systemic hypertension which
possibly may be a result of structural damage to the myocardial contractile apparatus and accompanied with releasing
cTnT. Ndumele et al. (44) showed that obese individuals
without any cardiovascular disease history but with high
body mass index had significantly higher cTnT than nonobese individuals. They concluded that hypertension and
obesity can lead to chronic myocardial damage, myocardial
oxidative injury, myocardial apoptosis, and fibrosis, and also,
they play important role in the pathogenesis of subclinical
myocardial injury and heart failure in the decompensated
stage. On the other hand, the cross-reaction between cardiac
and skeletal muscular troponin T cannot be ignored (45) and
some literature in human medicine suggest that systemic
hypertension can lead to myostatin dysregulation and skeletal
muscle injury (46). Although cardiac troponin T can be released from skeletal muscles of obese dogs, it seems that those
same mechanisms which have been described in the human
obesity studies (44) may have a role in obese dogs resulting
in the elevation of serum concentration of cTnT, possibly
indicating myocardial damage and subclinical myocardial
injury in healthy obese dogs.
The results of the present study suggest that obesity and
high systemic blood pressure are the most important risk
factors of cardiovascular dysfunction in dogs. In conclusion,
the results of our study revealed that due to changes in the
metabolic and lipid status of obese dogs, high systemic blood
pressure may be present. The high systemic blood pressure
has harmful effects on myocardium and elevation of serum
cardiac troponin T due to myocardial damage in obese dogs
if not diagnosed and treated may lead to the heart failure in
the future.
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