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ABSTRACT 
 

The distribution and risk factors of canine heart disease in Malaysia are still not widely studied. This retrospective 

study examined the distribution of common canine heart diseases and the role of gender, age group, and breed size as 

risk factors of the dogs in a teaching hospital in Malaysia. Medical records of all dogs presented between 2013 and 

2020 with a heart disease diagnosed were reviewed and analyzed. Univariate and multivariate logistic regression was 

carried out to identify the risk factors for canine heart diseases in general and based on specific disease. In a duration 

of 7 years, a total of 9255 dog cases were presented and 7.9% (n=734, 95% CI: 0.07-0.09) of the dogs were diagnosed 

with heart disease. Majority of heart disease cases were valvular disease (n=528, 95% CI: 0.05-0.06), followed by 

heartworm disease (n=113. 95% CI: 0.01-0.01), dilated cardiomyopathy (DCM) (n=90, 95% CI: 0.01-0.01). Senior 

(OR 3.54, 95% CI: 2.32-5.37) and small breed (OR 6.74, 95% CI: 4.51-10.1) dogs had higher risk for valvular disease, 

while large breed (OR 7.18, 95% CI: 4.00-13.01) dogs were at risk for heartworm disease. Male (OR 1.83, 95% 

CI:1.11-3.04) and large breed dogs (OR 3.12, 95% CI: 1.80-5.39) had greater risk for DCM, respectively. Gender, age 

group and breed size play important role in predicting the likelihood of heart diseases in dogs and are best to be applied 

in the context of specific heart diseases. Information obtained would assist clinicians with their clinical diagnosis of 

the heart disease. 
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INTRODUCTION 

 

Heart disease is among the common chronic diseases 

reported in dogs, covering approximately 10.0% of total 

cases in primary veterinary centres in the United States 

(Keene et al. 2019). The valvular disease accounts for 

approximately 80.0% of acquired heart diseases in dogs, 

followed by cardiomyopathies at 20.0% (Olsen et al. 1999). 

Other forms such as pericardial effusion (Haritha 2020), 

endocarditis (Sykes et al. 2006) and cardiac tumour (Ware 

and Hopper 1999) were reported at a lower occurrence. 

Congenital heart defect affects 1 in every 15 litters on 

average and is often seen in dogs compared to cats (Tilley 

et al. 2008). In dogs, pulmonic stenosis, followed by 

subaortic stenosis and patent ductus arteriosus (Oliveira et 

al. 2011; Schrope 2015; Brambilla et al. 2020) is the most 

common congenital heart defect diagnosed. 

The most common type of valvular disease is chronic 

degenerative valvular disease (CDVD) (Keene et al. 2019) 

where the affected valves undergo a progressive 

architectural disruption of the leaflet layer. Mitral valve is 

commonly affected, followed by tricuspid valves, while 

other valves are less affected (Borgarelli and Buchanan 

2012). Higher occurrences, up to 100% with advancing 

age, was seen in small and medium breeds such as Cavalier 

King Charles Spaniels and Daschunds (Chetboul et al. 

2004; Serfass et al. 2006). 

Dilated cardiomyopathy (DCM) is the most common 

form of cardiomyopathies in dogs characterized by 

progressive dilation of ventricles, impaired contractility, 

and consequently systolic dysfunction (Egenvall et al. 

2005). Genetic predisposition was seen in large breed dogs 

particularly Great Dane, Doberman Pinscher, Boxer, and 

Newfoundland  (Stephenson  et  al.  2012;  Wess 2021)  but,  
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may also occur secondary to systemic diseases, toxins, 

infectious agents, and nutritional deficiencies, particularly 

taurine and L-carnitine (Tilley et al. 2008). Recently, an 

increase in  reports of  reversible  DCM progression  among 

non-predisposed breeds raised speculation on the 

association between grain-free diet and DCM, however, the 

exact pathophysiology is still poorly understood (Freeman 

et al. 2018). Canine heartworm disease is caused by filarial 

nematode Dirofilaria immitis, a common disease 

diagnosed in the tropical region (Simón et al. 2012). Adult 

heartworms cause damage in the pulmonary artery and 

right ventricles of the heart resulting in clinical signs such 

as exercise intolerance, cyanosis, coughing, and dyspnoea 

(Nelson et al. 2018). 

Prediction of heart disease may help veterinarians to 

make a more precise differential diagnosis especially in the 

absence of gold standard diagnostics. However, published 

estimates of distribution and prevalence are currently 

limited to populations of high-risk breeds and/or based on 

studies conducted several decades ago (Buchanan 1977; 

Detweiler and Patterson 1965). Comparison to the local 

dog population may be limited due to the difference in the 

common breed reared. Due to the paucity of data on dogs 

with heart disease locally, this study objective was to 

analyse the distribution and risk factors of canine heart 

diseases among the dog population presented to a 

veterinary teaching hospital in Peninsular Malaysia from 

July 2013 to July 2020. 

 

MATERIALS AND METHODS 

 

Study Design 

A retrospective data analysis using medical records of 

dog patients presented to University Veterinary Hospital 

(UVH) of Universiti Putra Malaysia (a primary veterinary 

healthcare facility) from July 2013 to July 2020 (7 years). 

The total numbers of dogs presented and the total numbers 

of dogs diagnosed with heart disease were obtained from 

the Small Animal Clinic canine cases logbooks. 

Information obtained was confidential and was only used 

for research purposes. This study has obtained approval 

from UVH prior to commencement. 

 

Definition of Diseases 

Valvular diseases were defined as evidence of 

echocardiography exhibiting thickening, elongated, or 

prolapsed valvular leaflets with regurgitation in the 

Doppler study. Similarly, DCM was characterized by 

echocardiography with findings of moderate to severe left 

ventricular and atrial enlargement, reduced systolic 

function, and reduced fractional shortening to less than 

25% (Tilley et al. 2008). Heartworm disease was defined 

by positive results of relevant test kits or diagnostic 

methods such as SNAP® 4Dx® (IDEXX Laboratories, 

US), modified Knott’s test, or observation of microfilariae 

in direct blood smear.  

Criteria of other diseases were diagnosed as per 

described in published textbooks (Tilley et al. 2008). The 

cases were divided into two categories, namely diagnosed 

and suspected cases. Diagnosed cases were defined as dogs 

with a final diagnosis of heart disease recorded in the files, 

supported by affirmative findings from radiography and 

echocardiography (Esaote MyLabTM Class C) 

with/without other information such as electrocardio-

graphy, or test form cardiac biomarkers.  

 

Data Collection, Inclusion and Exclusion Criteria 

From the case logbooks, signalment such as the 

gender, age, breed and body weight of the dog was 

obtained. Based on the case number of dog patients 

suspected or diagnosed with heart disease was recorded, the 

files were manually retrieved and examined for data 

collection. Acquired heart diseases were defined as 

diseases that are not presented readily at birth. The 

inclusion criteria of dog patients diagnosed with heart 

disease were: i) retrievable case file, ii) complete case 

signalments such as gender, age, breed, and body weight 

and iii) a confirmed diagnosis of heart disease with 

available radiographic and echocardiographic images for 

re-evaluation. Cases with unconfirmed heart diseases i.e., 

there was no evidence of affirmative echocardiographic, 

electrocardiography, or test kit results, had non-retrievable 

case files, or incomplete information was excluded from 

the study. 

 

Definition of Risk Factors 

The dogs were grouped according to their gender, age, 

and breed size. The gender of the dog is referred to as either 

male or female without any regard to its neuter status. Age 

was further defined in three groups; puppy (<1-year-old) 

and adult (between 1 to 6-year-old) (Kruger et al 2017), and 

senior (>7-year-old) (Bellows et al. 2015). The breed size 

of dogs was determined based on American Kennel Club 

(AKC) classification. When information of breed was 

available, the body weights and age were used to 

guestimate the breed size, categorised as small (weight 

<10kg), medium (weight between 10 to 19kg) and large 

breed (weight >19kg) (American Kennel Club 2020). 

 

Statistical Analysis 

Data were descriptively analysed using Microsoft 

Excel (2019) and exported to SPSS 26 (Version 26.0, USA) 

for further analysis. Continuous variables were reported as 

mean and interquartile range and categorical variables were 

reported as proportions, expressed in percentage and its 

95% confidence interval (CI). The proportion of heart 

disease cases was calculated by dividing the total number 

of confirmed heart disease cases by the total number of all 

cases. Gender, age and breed size were defined as potential 

risk factors. Logistic regression was carried out to 

determine the relationship between heart disease and the 

risk factors. Two models were tested in this study, one 

involving all of the heart disease cases and secondly, based 

on the most common heart disease in the population. Dogs 

with heart disease were made dummy coded as 1. In the 

overall dog population and the specific heart disease model, 

female, adult age group, and medium breed size were used 

as reference. All factors possessing P<0.05 after univariate 

logistic regression were submitted for multiple logistic 

regression models using a backward likelihood ratio 

elimination method to obtain the final model. The final 

model was chosen based on the largest Nagelkerker R2 and 

the following assumptions were met: (i) Hosmer-

Lemeshow test was not significant (P>0.05); (ii) overall 

percentage from classification table >70% and (iii) area 

under the Receiver Operating Characteristic curve (AUC) 
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>0.70. Interaction and multi-collinearity were evaluated by 

determining the variation inflation factors (VIF) <10 before 

accepting the final model. Statistical significance was 

determined by a P<0.05. 

 
RESULTS 

 

A total of 9255 canine cases were presented and the 

majority were male (n=4991, 53.9%, 95% CI: 0.53-0.55), 

adult age group (n=4056, 45.6%, 95% CI: 0.43-0.45), and 

small breed size (n=3592, 56.2% 95% CI: 0.38-0.40) dogs. 

Out of this total, 795 cases were considered for analysis, 

and 61 (8.0%) dog patients with suspected heart disease 

were excluded due to insufficient information. In total, 734 

dogs had a diagnosis of heart disease based on 

echocardiography, making the proportion of heart disease 

patients 7.9% (95% CI: 0.07-0.09). The affected dogs were 

predominantly male (n=397, 54.1%,95% CI: 0.04-0.05) 

with a mean age of 9.0 and an interquartile range of 8.0-

12.0 years. The senior-aged dogs (n=558, 76.0%, 95% CI: 

0.05-0.06) and small breed sizes (n=469, 63.2%, 95% CI: 

0.05-0.06) were the most frequently diagnosed. In terms of 

breeds, Shih Tzu (n=172, 23.4%, 95% CI: 0.02-0.02) were 

the most frequently affected (Table 1).  

There were 31 dogs that had more than one type of 

heart disease identified at the point of diagnosis, hence the 

total number of heart diseases diagnosed was 765. Valvular 

disease was predominant type of heart disease (n=528, 

69.0%,95% CI: 0.05-0.06). Congenital disease accounts for 

a small proportion of the heart disease cases (n=10, 

1.3%,95% CI: 0.00-0.00) (Table 2).  

There were 532 out of 734 dogs that were presented 

with heart-related clinical signs (Table 3). Majority of the 

dogs were presented with clinical signs of coughing 

(n=517, 97.2%, 95% CI: 0.95-0.98), followed by 

tachypnoea (n=217, 40.8%, 95% CI: 0.37-0.45) and 

exercise intolerance (n=102, 19.2%, 95% CI: 0.16-0.23).  

There was a significant association between age group 

and breed size with heart disease (Table 4). However, 

Hosmer-Lemeshow statistics were significant P=0.05 

which indicated poor fit, with a fair AUC of 0.75. The 

multivariate logistic regression model was statistically 

significant χ2(4) = 583.54, P<0.001. The model explained 

14.4% of the variance in heart disease and correctly 

classified 92.1% of cases. When adjusted for breed size, 

senior dogs had the highest risk (OR 3.68, 95% CI: 3.08-

4.41; P<0.001) for heart disease. 

The following analysis was carried out based on 

commonly diagnosed acquired heart diseases in the 

population namely valvular disease, heartworm disease, 

and DCM (Table 5). There was an association between 

gender, age group, and breed size with valvular disease in 

dogs. The multivariate model was statistically significant 

(χ2(4) = 259.5, P<0.05), explained 40.7% of the variance, 

and correctly classified 79.9% of cases. Hosmer -

Lemeshow test for the model was P=1.00, with an AUC of 

0.84. After adjustments with gender and breed size, senior 

dogs were found to have 3.54 times increased odds for 

valvular disease compared to adult dogs. Small breed dogs 

were found to have 6.74 times increased odds for valvular 

disease. 

For heartworm disease, both breed size and age group 

were important risk factors (P<0.05) (Table 5). The 

multivariate logistic regression model explained 24.4% of 

the variance in heart disease and correctly classified 85.6% 

of cases (χ2(4) = 114.1, P<0.001). Hosmer- Lemeshow test 

for the model was p= 0.65, with an AUC of 0.78. After 

adjustments, senior age dogs were 0.29 times less likely to 

have heartworm disease, and large breed dogs (OR 8.32, 

95% CI: 4.68-14.78, P<0.001) are at higher risk of the 

disease. 

Lastly, gender and breed size were shown to have an 

association with the risk of being diagnosed with DCM 

(Table 5). The multivariate logistic regression model was 

statistically significant, χ2(4) = 122.5, P<0.001, explained 

with 28.0% of the variance and correctly classified 88.1% 

of cases. Hosmer- Lemeshow test for the model was p= 

0.77, with an AUC of 0.82. Male dogs (OR:1.82 95% CI: 

1.10-3.02, P=0.02) are riskier for DCM In terms of breed 

sizes, large breed dogs are more likely to be diagnosed 

compared to medium breed dogs (OR 3.1, 95% CI: 1.80-

5.35, P<0.001). 

 

DISCUSSION 

 

This study provides information on distribution and 

risk factors of canine heart disease among dogs presented 

to a veterinary teaching hospital in Peninsular Malaysia 

from July 2013 to July 2020. In this study, there were 7.9% 

of dogs diagnosed with heart disease, and this finding was 

slightly lower compared to previous findings in primary 

care centres in the United States (Keene et al. 2019). The 

differences may be due to dissimilarities in inclusion 

criteria and the number of caseloads. Exclusion of up to 

8.0% of suspected cases as a confirmatory diagnosis via 

echocardiography was not achieved, which might also have 

affected distribution in this study. To a certain extent, the 

owner’s awareness and knowledge of canine heart disease 

and the importance of veterinary care may also affect the 

findings. Locally, a study has shown that pet owners had 

high awareness about heart disease, however, they lack the 

ability in recognizing the clinical signs (Khor et al. 2020; 

Tanweer et al. 2020). Regular check-ups and cardiac 

screening especially in predisposed breeds allow more 

preclinical diseases to be detected. However, this practice 

is not common locally. Therefore, the possibility of 

underdiagnosis cannot be disregarded.  

The majority of the heart diseases diagnosed in this 

sample population were related to valvular disease. This 

could be related to the over-presentation of small-breed 

dogs, as small breeds carried a high predisposition towards 

the disease. As for heartworm disease, Malaysia is 

hyperendemic (Chelliah and Šlapeta 2019) and it was not 

surprising that heartworm disease was ranked second being 

diagnosed among the dogs in this study. Being a country 

with a tropical climate, the mosquito is available all year 

round in Malaysia as the hot and humid weather provides a 

suitable breeding environment. Local spread of heartworm 

disease may be attributed to infected stray populations 

which acted as a reservoir host (Lau 2017). Between year 

2017-2018, the prevalence of heartworm disease in Kuala 

Lumpur was lower at 3.8% and antigen-positive tested dogs 

have inconsistent prevention (Chelliah and Šlapeta 2019). 

Monthly administration of macrocyclic lactones and annual 

testing is the best prophylaxis for the disease besides 

mosquito   control   (Nelson   et   al.   2018).   DCM  affects 
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Table 1: Frequency (n), percentage (%), and 95% CI of distribution of heart and non-heart disease dogs presented to the University 

Veterinary Hospital, Universiti Putra Malaysia (UVH) from July 2013 to July 2020 

Profile Non-heart disease (n=8521) Heart disease (n=734) Total (n=9255) 

n % 95% CI n % 95% CI n % 95% CI 

Gender          
Male 4594 53.9 0.49-0.51 397 54.1 0.04-0.05 4991 53.9 0.53-0.55 
Female  3927 46.1 0.41-0.43 337 45.9 0.04-0.04 4264 46.1 0.45-0.47 

Age Group (years)          
Puppy (< 1) 1377 16.2 0.14-0.16 7 1.0 0.00-0.00 1384 15.0 0.14-0.16 
Adult (1-6.9) 3887 45.6 0.41-0.43 169 23.0 0.02-0.02 4056 43.8 0.43-0.45 
Senior (> 7) 3257 38.2 0.34-0.36 558 76.0 0.06-0.07 3815 41.2 0.40-0.42 

Breed Size           
Small  3123 36.0 0.33-0.35 469 63.2 0.05-0.06 3592 38.8 0.38-0.40 

Shih tzu 928 10.9 0.09-0.11 172 23.4 0.02-0.02 1100 11.9 0.11-0.13 
Poodle 792 9.3 0.08-0.09 59 8.0 0.00-0.01 851 9.2 0.09-0.10 
Miniature pinscher 352 4.1 0.03-0.04 38 5.2 0.00-0.01 390 4.2 0.04-0.05 
Terrier 168 2.0 0.02-0.02 13 1.8 0.00-0.00 181 2.0 0.02-0.02 
Pomeranian 164 1.9 0.02-0.02 37 5.0 0.00-0.01 201 2.2 0.02-0.02 
Others 132 1.5 0.01-0.02 44 <1.0 0.00-0.01 176 1.9 0.02-0.02 
Silky terrier 98 1.2 0.01-0.01 12 1.6 0.00-0.00 110 1.2 0.01-0.01 
Chihuahua 87 1.0 0.01-0.01 11 1.5 0.00-0.00 98 1.1 0.01-0.01 
Crossbreeds  86 1.0 0.01-0.01 4 0.5 0.00-0.00 90 1.0 0.01-0.01 
Spitz 86 1.0 0.01-0.01 13 1.8 0.00-0.00 99 1.1 0.01-0.01 
Pekingese 76 0.9 0.01-0.01 18 2.5 0.00-0.00 94 1.0 0.01-0.01 
Pug 63 0.7 0.01-0.01 7 1.0 0.00-0.00 70 0.8 0.01-.0.01 
Maltese 56 0.7 0.00-0.01 18 2.6 0.00-0.00 74 0.8 0.01-0.01 
Cavalier King Charles Spaniel 11 0.1 0.00-0.00 3 0.4 0.00-0.00 14 0.2 0.00-0.00 
Papillon 8 0.1 0.00-0.00 1 0.1 0.00-0.00 9 0.1 0.00-0.00 
Miniature schnauzer 8 0.5 0.00-0.00 41 5.6 0.00-0.01 49 0.5 0.00-0.01 
Bichon frise 5 0.05 0.00-0.00 1 0.1 0.00-0.00 6 0.06 0.00-0.00 
Lhasa apso 3 0.03 0.00-0.00 1 0.1 0.00-0.00 4 0.04 0.00-0.00 
Tibetan spaniel - - - 2 0.3 0.00-0.00 2 0.02 0.00-0.00 

Medium  3204 7.8 0.34-0.36 178 26.7 0.02-0.02 3382 36.5 0.36-0.38 
Local (mongrel) 2558 30.0 0.27-0.29 105 14.3 0.01-0.01 2663 28.8 0.28-0.30 
Beagle 166 1.9 0.02-0.02 13 1.8 0.00-0.00 179 1.9 0.02-0.02 
Cocker Spaniel 112 1.3 0.01-0.01 38 5.2 0.00-0.01 150 1.6 0.01-0.02 
Crossbreeds 130 1.5 0.01-0.02 4 0.5 0.00-0.00 134 1.5 0.01-0.02 
Others  57 <1.0 0.00-0.01 25 <1.0 0.00-0.00 82 0.9 0.01-0.01 
Bulldog 75 0.9 0.01-0.01 4 0.5 0.00-0.00 79 0.9 0.01-0.01 
Chow chow 24 0.3 0.00-0.00 2 0.3 0.00-0.00 26 0.3 0.00-0.00 
Border collie 23 0.3 0.00-0.00 2 0.3 0.00-0.00 25 0.3 0.00-0.00 
Springer Spaniel 18 0.2 0.00-0.00 3 0.4 0.00-0.00 21 0.2 0.00-0.00 
Pitbull  20 0.2 0.00-0.00 1 0.1 0.00-0.00 21 0.2 0.00-0.00 
Basset hound 15 0.2 0.00-0.00 1 0.1 0.00-0.00 16 0.2 0.00-0.00 
Shiba inu 6 0.07 0.00-0.00 1 0.1 0.00-0.00 7 0.08 0.00-0.00 
Bull terrier - - - 3 0.4 0.00-0.00 3 0.03 0.00-0.00 

Large  2194 56.2 0.23-0.25 87 11.9 0.01-0.01 2281 24.7 0.24-0.26 

German Shepherd 467 5.5 0.05-0.06 10 1.4 0.00-0.00 477 5.2 0.05-0.06 
Rottweiler 394 4.6 0.04-0.05 13 1.8 0.00-0.00 407 4.4 0.04-0.05 
Golden Retriever 386 4.5 0.04-0.05 14 1.9 0.00-0.00 400 4.3 0.04-0.05 
Labrador 303 3.6 0.03-0.04 17 2.3 0.00-0.00 320 3.5 0.03-0.04 
Others  163 <1.0 0.02-0.02 21 <1.0 0.00-0.00 184 2.0 0.02-0.02 
Siberian Husky 155 1.8 0.01-0.02 1 0.1 0.00-0.00 156 1.7 0.01-0.02 
Doberman 98 1.2 0.01-0.01 12 1.6 0.00-0.00 110 1.2 0.01-0.01 
Crossbreeds 66 0.8 0.01-0.01 4 0.5 0.00-0.00 70 0.8 0.01-0.01 
Malinois 60 0.7 0.01-0.01 1 0.1 0.00-0.00 61 0.7 0.01-0.01 
Dalmatian 32 0.4 0.00-0.00 7 1.0 0.00-0.00 39 0.4 0.00-0.01 
Mastiff 36 0.4 0.00-0.01 2 0.3 0.00-0.00 38 0.4 0.00-0.01 
Boxer 18 0.2 0.00-0.00 3 0.4 0.00-0.00 21 0.2 0.00-0.00 
Alaskan Malamute 13 0.15 0.00-0.00 1 0.1 0.00-0.00 14 0.2 0.00-0.00 
Boerboel 2 0.02 0.00-0.00 1 0.1 0.00-0.00 3 0.03 0.00-0.00 
Afghan Hound 1 0.01 0.00-0.00 1 0.1 0.00-0.00 2 0.02 0.00-0.00 

 
approximately 0.1% of dogs in the United States, and 1.1% 
in Europe (Fioretti and Delli 1988). A retrospective study 
in Kuala Lumpur from 2015 to 2017 revealed that 6.49% 
of the heart disease cases were DCM, preceded by valvular 
disease (Yap et al. 2021). The distribution of DCM cases 
was slightly higher in this study, most likely due to a longer 
inclusion period (7 years) and caseload difference. 

However, the possibility of increased diagnosis in recent 
years secondary to nutritional causes, cannot be disregarded.  

Clinical signs shown by dogs with heart disease are 

related to congestive heart failure (CHF). Depending on the 

type of heart disease, CHF may be caused by high venous 

pressure (backward failure) or the inability of the heart to 

pump adequate output (forward failure) (Nelson and Couto 
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Table 2: The different types of heart disease diagnosed among the heart disease cases (n=765) presented to the University Veterinary 

Hospital, Universiti Putra Malaysia (UVH) from July 2013 to July 2020 

Type of disease  Diseases Frequency (n) Percentage (%) 95% CI 

Acquired  Valvular  528 69.0 0.05-0.06 

Mitral valve 291 38.0 0.03-0.04 

Tricuspid valve 8 1.0 0.00-0.00 

Mitral and tricuspid  229 29.9 0.02-0.03 

Heartworm disease 113 14.8 0.01-0.01 

Dilated cardiomyopathy 90 11.6 0.01-0.01 

Pericardial effusion 5 0.7 0.00-0.00 

Arrythmogenic right ventricular cardiomyopathy 4 0.5 0.00-0.00 

Tumour 4 0.5 0.00-0.00 

Endocarditis 4 0.5 0.00-0.00 

Hypertrophic cardiomyopathy 3 0.4 0.00-0.00 

Pulmonary hypertension 3 0.4 0.00-0.00 

Sick sinus syndrome 1 0.1 0.00-0.00 

Congenital  Patent ductus arteriosus 5 0.6 0.00-0.00 

Interventricular septal disease 3 0.2 0.00-0.00 

Subaortic stenosis 1 0.1 0.00-0.00 

Mitral valve dysplasia 1 0.1 0.00-0.00 

 

Table 3: Frequency (n), percentage (%), and 95% CI of distribution of clinical signs related to heart disease shown by dogs (n=532) 

presented to the University Veterinary Hospital (UVH) Universiti Putra Malaysia from July 2013 to July 2020 

Clinical signs Frequency (n) *Percentage (%) 95% CI 

Coughing 517 97.2 0.95-0.98 

Tachypnoea 217 40.8 0.37-0.45 

Exercise intolerance 102 19.2 0.16-0.23 

Lethargy 158 29.7 0.26-0.34 

Syncope 42 7.9 0.06-0.10 

Inactivity 27 5.1 0.04-0.07 

Dyspnoea 132 24.8 0.21-0.29 

Abdominal breathing 13 2.4 0.01-0.04 

Inappetence 11 2.1 0.01-0.04 

Anasarca  2 0.4 0.00-0.01 

Notes: * - total unequal to 100% because a case may show more than one clinical sign 

 

Table 4: Univariate and multivariable logistic regression analyses between risk factors (gender, age group, and breed size) and heart 

disease in 9255 dogs presented to the University Veterinary Hospital, Universiti Putra Malaysia (UVH) between July 2013 and July 2020 

Factors Total 

cases 

Heart 

disease 

cases (n) 

Percentage 

(%) 

χ2 P value Univariate Logistic Regression Multivariate Logistic Regression 

β Crude OR (95% 

CI) 

P value β Adjusted OR (95% 

CI) 

P value 

Gender    0.008 0.93       

Female 4264 337 7.9  Ref  - - - 

Male 4991 397 8.0 -0.007 1.00 (0.57-1.16) 0.93 - - - 

Age group    416.2

8 

<0.001

* 

      

Adult 4056 169 2.0  Ref  - Ref - 

Senior 3815 558 14.6 1.37 3.93 (3.29-4.70) <0.001 1.30 3.68 (3.08-4.41) <0.001* 

Puppy 1384 7 0.5 -2.15 0.12 (0.06-0.25) <0.001 -2.05 0.13 (0.06-0.28) <0.001* 

Breed size   189.3

1 

<0.001

* 

      

Medium 2282 87 3.8  Ref  - Ref - 

Small 3581 469 13.0 0.89 2.43 (2.04-2.90) <0.001 0.63 1.87 (1.57-2.24) <0.001* 

Large 3392 178 5.2 -0.41 0.66 (0.51-0.86) 0.002* -0.54 0.58 (0.45-0.76) <0.001* 

χ2=Pearson chi-square, n=number; β=unstandardized regression coefficient; OR: odds ratio, CI: Confidence interval, Ref: reference; *P<0.05 
 

2014). Coughing is presented in the majority of canine 

heart  disease  patients  (Chetboul  et  al. 2017; Martin et al. 

2009) and was speculated due to mechanical pressure on 

main stem bronchus due to left atrial enlargement and 

exacerbated by airway disease especially in older dogs 

(Ferasin et al. 2013) and/or triggered by a fulminant 

cardiogenic pulmonary oedema (Ferasin and Linney 2019). 

Breathing disturbances such as dyspnoea are often seen 

secondary to cardiogenic pulmonary oedema (Tilley et al. 

2008) secondary to backward failure. 

The model for overall heart disease risk has fair 

predictive power, however, its goodness-of-fit is poor. The 

model did not properly match to the distribution of actual 

events of canine heart disease in the sample population, 

suggesting that there may be other important risk factors 

that were not explored in this study. Gender as a significant 

risk factor was only seen in both the valvular disease and 

DCM. Previous findings had shown certain breeds such as 

Cavalier King Charles Spaniel and Dachshunds (Thrusfield 

et al. 1985; Andrei and Vulpe 2021) and especially male 

dogs were riskier for valvular disease, despite its exact 

cause being unclear (Mattin et al. 2015). In contrast, a 

retrospective study with a heterogeneous mix of breeds 

found that there was no significant difference between the 

distribution of valvular disease between male and female 

dogs (Kim et al. 2017). In this study, however, it was found 

that female dogs were at higher risk of the disease in 

contrast   with  previous   findings.   Primary   mitral  valve 



Int J Vet Sci, 2022, 11(4): 504-513. 
 

 509 

Table 5: Univariate and multivariable logistic regression analyses between risk factors (gender, age group, and breed size) and valvular 

disease, heartworm disease, and dilated cardiomyopathy in 9255 dogs presented to the University Veterinary Hospital, Universiti Putra 

Malaysia (UVH) between July 2013 and July 2020 

Heart 

Disease 

Factors Total 

dogs 

(n) 

Diseased 

cases (n) 

Percentage 

(%) 

χ2 P value β Crude OR 

(95% CI) 

P value β Adjusted OR 

(95% CI) 

P value 

Valvular 

Disease 

(n=528) 

Gender    4.39 0.04*       

Female 4280 257 5.9  Ref   Ref  

Male 5006 271 5.4 -0.33 0.72 (0.53-0.98) 0.04* -0.49 0.61 (0.41-0.90) 0.01* 
Age group    70.93 <0.001*       

Adult 3838 83 11.4  Ref   Ref  

Senior 4064 445 2.0 1.31 3.70 (2.60-5.24) <0.001* 1.91 3.54 (2.32-5.37) <0.001* 

Puppy 1384 0 0.0 -21.0 0.00 (0.00-NA) 1.0 -21.3 0.00 (0.00-NA) 1.00 
Breed size    221.12 <0.001*       

Medium 2288 95 17.9  Ref   Ref  

Small 3607 416 2.6 1.88 6.54 (4.46-9.60) <0.001* 1.91 6.74 (4.51-10.1) <0.001* 

Large 2291 17 0.7 -1.56 0.21 (0.12-0.34)  -1.55 0.22 (0.12-0.40) <0.001* 

Heartworm 

Disease 

(n=113) 

Gender    2.77 0.10       

Female 4280 44 1.0  Ref  - - - 

Male 5006 69 1.4 0.35 1.41 (0.94-2.13) 0.10 - - - 
Age group    51.21 <0.001*       

Adult 3838 56 1.5  Ref   Ref  

Senior 4064 54 1.3 -1.41 0.24 (0.16-0.37) <0.001* -1.24 0.29 (0.19-0.46) <0.001* 

Puppy 1384 3 0.2 0.54 1.71 (0.40-7.90) 0.50 0.80 2.20 (0.40-12.23) 0.36 
Breed size    84.23 <0.001*       

Small 3607 27 0.7  Ref   Ref  

Medium 2288 54 2.4 1.87 6.46 (3.92-10.64) <0.001* -1.81 6.11 (3.66-10.20) <0.001* 

Large 2291 32 1.4 2.11 8.32 (4.68-14.78) <0.001* 2.00 7.18 (4.00-13.01) <0.001* 

DCM  

(n=90) 

Gender    5.62 0.018*       

Female 4280 31 0.7  Ref   Ref  

Male 5006 59 1.2 0.55 1.74 (1.10-2.75) 0.02* 0.61 1.83 (1.11-3.04) 0.02* 
Age group    0.07 0.16       

Adult  3838 27 1.6  Ref   - - 

Senior 4064 63 0.7 -0.41 0.10 (0.67-1.08) 0.10  - - 

Puppy 1384 0 0.0 19.50 0.00 (0.00-NA) 1.0  - - 
Breed size    130.31 <0.001*       

Medium 2288 37 1.6  Ref   Ref  

Small 3607 13 0.4 -2.13 0.12 (0.06-0.23) <0.001* -2.13 0.12 (0.06-0.23) <0.001* 

Large 2291 40 1.7 1.10 3.01 (1.75-5.16) <0.001* 1.14 3.12 (1.80-5.39) <0.001* 

DCM=Dilated cardiomyopathy, χ2=Pearson chi-square, n=number; β=unstandardized regression coefficient; OR=odds ratio, 

CI=Confidence interval, Ref=reference; *P<0.05. 
 

disease in humans bears resemblance in terms of pathology 

with the valvular disease in dogs. In humans, the 

prevalence and risk of mitral valvular disease are higher 

among women, with more extensive lesions with 

remarkable extreme gross valvular changes (Avierinos et 

al. 2002). The exact aetiology remains unknown; however, 

it was speculated to be related to different stresses acquired 

throughout life such as pregnancies and fluctuating levels 

of cardioprotective oestrogen (Youssef 2021). The role of 

oestrogen in the cardiovascular system of dogs however 

was unclear, while inconsistent findings on changes in the 

level of heart rate, cardiac output level, and 

echocardiographic findings during pregnancy made the 

exact role of hemodynamic stress on the risk of heart 

disease in dogs remains unclear (Brooks and Keil 1994; 

Olsson et al. 2003; Abbott 2010; Blanco et al. 2011; de 

Souza et al. 2017; Ward et al. 2020). However, in neutered 

dogs, although other cardiac parameters were indifferent, 

higher blood triglyceride (TG) and very-low-density 

lipoprotein (vLDL) was found compared to intact dogs, 

implying the lost role of oestrogen in the synthesis of anti-

oxidant and atherosclerosis-preventing high-density 

lipoprotein (HDL) (Boonyapakorn et al. 2020). Despite not 

being a major concern among dogs, atherosclerosis may 

affect vascular distensibility and increase vascular 

resistance, which chronically, may pose additional pressure 

on the heart. Neutered females were reported to have a 

longer lifespan (O’Neill et al. 2013). which then may have 

allowed valve lesions to advance to the chronic stage, 

resulting in clinical signs of congestive heart failure. In this 

study, the neuter status among dogs was not considered for 

analysis due to inconsistent reporting in the case file. 

Therefore, dogs included in the study were a heterogeneous 

mix of neutered and non-neutered dogs, which may 

influence the findings. Incidentally in this population, 

slightly more males were found to have both mitral and 

tricuspid affected compared to females, however, this 

finding was not statistically significant.  

Similar to the findings of this study, DCM is typically 

more prevalent among males (Tilley et al. 2008). The link 

between gender and predisposition to DCM is still unclear, 

though the hereditary risk may be one of the possible 

causes in certain breeds. In Great Danes for example, the 

X-linked recessive trait (Meurs et al. 2001) may cause the 

disease to be more presented among males. However, in 

this study, most of the DCM dogs were either Local or 

Labrador, which is not known to carry these hereditary 

risks. Therefore, further study with emphasis on the role of 

dogs in the population and may help to better elucidate this 

finding. In terms of breed sizes, small breed dogs have a 
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higher risk of valvular disease. The valvular disease may 

have genetic involvement, particularly due to alterations 

in genes controlling body size and heart development 

(Jones et al. 2008), and in combination with the genes 

related to the composition of materials important for 

valve structure and maintenance such as collagen, 

proteoglycan, and hyaluronan (Madsen et al. 2011). A 

single nucleotide polymorphism (SNP) allele frequencies 

comparison in small breed dogs revealed a selective 

sweep spanning of insulin growth factor (IGF1), a gene 

responsible for body size (Sutter et al. 2007), and cardiac 

development (Donath et al. 1994) which is shared across 

multiple breeds.  

In this study, 176 (23.0%) of heart disease cases were 

Shih Tzus, with 161 (91.5%) of them being diagnosed with 

valvular disease. The distribution of valvular disease 

among Shih Tzus in this population is 17.1%. Previous 

studies revealed that Shih Tzus had higher risk of 

cardiovascular disease (Inoue et al. 2016) and were 

especially predisposed to valvular diseases (Serfass et al. 

2006; Mattin et al. 2015). It was speculated that the small 

breed dogs may have shared common ancestors that carried 

the disease, and hence reduction in gene pools may be 

contributed to more apparent disease among the recent 

generation of dogs. Shih Tzus may have obtained their 

share of the disease through genomes from the Modern 

cluster (Parker 2012). A further breed-specific study in 

affected Shih Tzus and identifying the genetic component 

locally may be beneficial. 

This study found that the large breed dogs had a higher 

risk of heartworm disease, presumably related to dogs 

being housed in the outdoor kennel which may expose the 

dog to mosquitoes, or lack of constant preventative 

measures. Similarly, large breed dogs have a higher risk for 

DCM. Hereditary risk of DCM had been observed among 

certain large breed dogs due to splice site mutation, such as 

Doberman Pinschers on pyruvate dehydrogenase kinase 4 

(PDK4) gene (Meurs et al. 2012), Boxers due to Striatin 

(STRN) gene (Meurs et al. 2013), Irish Wolfhounds due to 

polymorphisms on chromosomes 1, 10, 15, 17, and 21 

(Philipp et al. 2012) and due to X-linked recessive trait such 

as in Great Danes (Meurs et al. 2001). In this study, the 

local breed, followed by Labradors were most affected with 

DCM. The genetic cause may be possible in the local breed 

due to long lines of crossbreeding (Boyko et al. 2010), 

however, diet may also play a role. In recent years, nutrition 

had been re-speculated to be the cause particularly grain-

free diets that may cause reversible DCM among non-

predisposed breeds (Adin et al. 2020; Ontiveros et al. 

2020). Other than that, homecooked diets which may be 

popular among local dog owners may have resulted in 

DCM secondary to taurine deficiency. Anecdotally, 

veterinarians revealed that it was common among dog 

owners to mix both homecooked food and commercial feeds 

in smaller proportions. It was being informed that dog 

owners perceived that feeding cooked meat with adequate 

protein and vegetables is a better option of healthier food 

and a more convenient option for salt controlled diet (for 

dogs diagnosed with heart disease). Hence, getting 

information on the dietary intakes among local and 

Labrador breeds locally may be necessary to better 

understand the high DCM occurrence. 

A higher risk of heart disease was seen among older-

aged dogs. Age-related changes to the canine 

cardiovascular system may include decline to beta-

adrenergic stimulation (Yin et al. 1979), functional changes 

to the catecholaminergic system which caused progressive 

loss of organ reserve and adaptability (Strasser et al. 1997), 

and higher pulmonary arterial pressure due to high 

pulmonary vascular resistance (Mercier et al. 2010). The 

exact role of these age-related changes in the 

pathophysiology of heart disease in dogs is yet to be 

ascertained. As these changes occur due to cellular 

inefficiency in maintenance, repair, and turnover pathways 

at molecular levels (Holliday 1995), it is theoretically 

possible that it contributes to functional inefficiency. Age-

related changes of other systems such as renal and hepatic 

may also predispose or exacerbate senior-aged dogs to 

heart disease (Saunders 2012). Similarly, senior-aged dogs 

have a higher risk of valvular disease, similar to previous 

findings (Mattin et al. 2015). Older dogs were found to 

have a progressive decrease in the number of valve 

endothelial cells, increase in valvular interstitial cells, 

decreased innervation, and decreased elastin (Aupperle and 

Disatian 2012), which may have contributed to poor 

maintenance of the valvular structure. In CDVD, gross 

lesion severity increases with age (Whitney 1974) except 

for the predisposed breeds. Valvular diseases have a long 

preclinical period and clinical signs may take time to 

appear (Urfer et al. 2017), therefore it may be common for 

most of the diagnoses to be made at later stages of life. In 

contrast, this study found that senior-aged dogs have a 

lower risk of heartworm. Increased frequency to veterinary 

clinics due to geriatric disease may have opened up the 

opportunity for the reminder to screen and initiate 

heartworm prevention among senior dogs, hence the lower 

risk of the disease among this age subgroup. 

Information from this study should be interpreted with 

caution due to some limitations. All the dogs diagnosed 

with heart disease were patients from a veterinary teaching 

hospital which were mainly from Klang Valley and a small 

percentage came from other states. Other risk factors such 

as heartworm prevention compliance, management, the 

role of the dogs (i.e., working and non-working), and 

dietary aspects which may also influence the risk of heart 

disease, was not covered in this study. 

 

Conclusion 

The valvular disease is the most commonly diagnosed 

heart disease in UVH. Age, breed size and gender play 

important roles in the occurrence of heart diseases in dogs. 

The study findings may be used by clinicians to improve 

clinical diagnosis, management, and provide a prognosis 

for cases of canine heart disease. This study also provides 

the baseline information needed for future studies on local 

healthcare facilities and the need for early screening for 

heart disease in dogs and should be advocated especially in 

the geriatric age group of dogs. 
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