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Canine obesity is associated with comorbidities, a shortened lifespan, and a poorer quality of life,
but epidemiological studies characterizing canine obesity in Latin America are scarce. Therefore,
this study aimed to determine the prevalence of canine obesity in the city of Sao Paulo, Brazil, and
the possible associated causal factors. Randomly-selected households from different city regions
were visited. Dogs in each household were evaluated and owners completed a questionnaire whilst
their anthropometric measures were taken. Total of 285 dogs from 221 owners were included, and
the combined prevalence of overweight and obesity was 40.5%. The prevalence of overweight and
obesity was greater in female dogs (P=0.003) and in dogs that were neutered (P=0.001). There was
also a positive association between BCS and frequency of visits to a veterinarian (P=0.026), feeding
frequency (P=0.033), and higher snack intake (P=0.011). Further, the BCS of dogs was greater when
their owners reported consuming more snacks themselves (P =0.005) and whose had a presence of
elderly people in the household (P =0.006). In conclusion, the prevalence of obesity found in a Brazilian
metropolitan region was similar to that if other countries, and neutering and snack intake were
associated with the development of this disease.

Obesity is characterized by the accumulation of adipose tissue to the point that health is adversely affected,
(BROOKS)" and adverse effects in dogs include comorbidities?, reduced quality of life, and a shortened lifespan®
(Alonso). Body condition scoring (BCS) is the current method used to determining adiposity, with a 9-unit
system most widely recommended*. Using such a system, dogs with a BCS of 6 or 7 are defined as having an over-
weight condition, whilst those with a BCS of 8 or 9 have obesity. There has been a significant increase in obesity
prevalence over the last 30 years®, with the current prevalence of obesity. The estimate obese and overweight dog
population assessed in veterinary hospitals has been determined in the United States, United Kingdom, China,
Japan, and Spain, which place obesity prevalence at 5 to 20% and overweight between 20 and 30%>%-%. Several
factors are associated with the development of obesity including genetics, environmental, behavioral, and socio-
cultural factors®®-'!. Owner factors are also implicated, including feeding practices (e.g. offering excessive food)
and providing physical activity. Sometimes, owner behavior results from misinformation about appropriate pet
care, and they might even transfer their unhealthy feeding habits to their pets®”!!.

Until now, information has been scarce regarding canine obesity epidemiology and owner profile in Latin
America. Most notably, the current prevalence of overweight and obesity in the canine pet population is not
known, whilst more information is required regarding owner factors associated with its development in this
region. Therefore, this study aimed to estimate the current prevalence of overweight and obesity in pet dogs in
the city of Sao Paulo, Brazil, and the factors associated with this disease.

Material and methods

Study design and ethical considerations. This was a cross-sectional study to determine prevalence and
risk factors associated with obesity in Brazil. It was conducted in the city of Sao Paulo between November 2017
and November 2018. The study employed cluster sampling, with dogs defined as the sample unit. The experi-
mental protocol was conducted according to ethical principles in human and animal experimentation and was
approved by the Commission on Ethics in the Use of Animals of the School of Veterinary Medicine and Animal
Science of the University of Sao Paulo (protocol number 3443010217) and the Commission of Ethics in Research
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with Humans of the Luiz de Queiroz College of Agriculture of the University of Sao Paulo (protocol number
71711317.2.0000.5395). Before participating, owners were fully a verbal explanation informed about all aspects
of the study, and gave their consent in writing.

Household visits, estimated sample size and sampling strategy. Household visits were conducted
in the city of Sao Paulo by two study investigators (MYHP and FAT) together. The minimum sample size of dogs
to be evaluated was 196, estimated by the equation of prevalence, with a significance level of 95% and an error of
5%'2 In a previous study that determined the number of pet dogs in the city of Sao Paulo', 50% of households
contained a mean of two dogs. Therefore, it was determined that at least 200 households would need to be visited
in order to achieve the appropriate sample size. Twenty of the 18,228 urban census areas of Sao Paulo!® were
randomly selected and visited. These areas were plotted on a map using Google Earth (https://earth.google.com/
web/), and the Google Maps app (iPhone version 11.1.2, Apple, United States) was used to determine the route
to follow for each region, ensuring that at least ten households per selected area could be visited.

The sequence of households visited was initially determined by randomly drawing the first household with
the software Office 15 Microsoft Excel (2013), based on the number of households of that specific census area'?.

For the definition of the first house to be visited a random draw was performed with Excel 2013 (Microsoft,
United States) based on the number of households in the censitary region according to IBGE'. Equation (1) was
used to determine the interval between households to be visited.

X = Y
- (i) w

X =Interval between households to be visited; Y = Total number of households in the region; 10 = Minimum
number of houses to be visited in each region.

If data collection from a particular household was unsuccessful, the house immediately next to the selected
one was instead visited, and so on, until data were successfully gathered. The reasons for unsuccessful data col-
lection were categorized as follows: the owner that did not know all the required information about their dog;
the dog was aggressive (meaning that a BCS assessment could not be performed) animals; the dog was less than
eight months of age; there were no dogs in the households; the household owner was not present at the property;
either the dog or the owner was pregnant; or the household owners refused to participate in the study.

The visits in all regions were made during business hours throughout a year. In the households that had more
than one dog, all were evaluated. Only one owner was evaluated in each household visited, which was the person
in charge of handling the dogs.

Information gathering. Owners were asked to answer a questionnaire (Fig. 1) regarding the health, feed-
ing behavior and general management of their dog, as well as owner’s feeding habits and socioeconomic condi-
tion. During visits, the BCS of the dog was assessed, the body mass index (BMI) of the owner was measured, and
other morphometric measurements were taken from the owner. Questionnaires were administered by the same
two veterinarians (MYHP and FAT) in the same time, and owners answered questions about their socioeco-
nomic status, feeding habits, and exercise habits. Feeding habits were classified according to the Feeding Guide
of the Brazilian Population'#, with individuals consuming snacks three or more times a week or consuming fruits
and vegetables once or twice a week (or less) were considered to have ‘unhealthy’ feeding habits. The owner’s
income was asked in reais (currency of Brazil), and then converted to American Dollars for the purpose of data
analysis (https://www.conversor-dolar.com.br, access in October 2019). Owners’ income was classified accord-
ing to Neri'"® in which households were considered to have a low income if annual income was U$3,419,28;
middle income if between U$ 3,422,28 and U$11,976,48; and elite if income was above U$11,976,48. The BCS
assessments were performed by two trained veterinarians (MYHP and FAT), according to a 9-point scale*, whilst
age range of dogs was classified according to breed size: small breeds (0-10 kg) as young (<7 years), middle-aged
(7 to 12 years) and senior (>12 years); medium breeds as young (<6 years), middle-aged (6 to 10 years) and
senior (> 10 years); large breeds as young (<5 years), middle-aged (5 to 9 years) and senior (>9 years); and giant
breeds as young (<3 years), middle-aged (3 to 7 years) and senior (>7 years)'.

Owners had their BMI evaluated according to the methodology recommended by the World Health
Organization'”. Height was measured using metric tape, whilst weight was measured using portable digital
scales (Supermedy, Barueri, Sao Paulo, Brazil) which were regularly calibrated for precision and accuracy using
test weights (Oxer Ltd.). BMIs were classified as underweight if values were below 18.5; eutrophic if values
were between 18.6 and 24.9; overweight if values were between 25.0 and 29.9; and obese if values were >30.0.
Morphometric measurements were made by metric tape according to the methodology described by the World
Health Organization'”' and included the abdominal and hip circumference. Standard cut-points were applied:
a waist/height ratio of > 0.52 was considered to be a potential health risk, whilst waist/hip ratios of <0.91 for men
and <0.76 for women were considered to be a low cardiovascular disease risk'’.

The frequency of physical activity was classified using the system described by Degeling et al.* With this
system, a total weekly activity of < 150 and > 150 min were classed as low and high weekly activity, respectively;
further, <30 min per day was considered to be low daily activity; between 30 and 120 min per day was considered
to be moderate daily activity, and > 120 min per day was considered to be high daily activity. The owner activity
was classified based on the answer of the questionnaire.

Data handling and statistical analysis. To estimate the prevalence of dogs with overweight and obe-
sity in the city of Sao Paulo, two mathematical weightings were considered for each animal, one related to the
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1-Your age

a) Between 18 and 24 years
b) Between 25 and 34 years
c) Between 35 and 44 years
d) Between 45 and 59 years
e) Between 60 and 75 years
f) Older than 76 years

2- Sex

a) Male

b) Female

3- The house where you live is?
a) Owned by you

b) Rented

c) Tenant without a lease

4- Education

a) From 1st to 4th grade
b) From 5th to 8th grade
c) High School

d) College/university

€) Specialization

f) Did not study

5 — Adding your income with the
income with all the people that live
with you, how much is your mean
Family income?

a) Noincome

b) Up to U$79,31

c) From U$158,63 to U$284,94

d) From U$285,19 to U$997,80

e) From U$998,04to U$ 2.428,40
f)  Above U$ 2.428,40

6- What is your current job?

a) Government (public sector)

b) Company (private or state)

c) Non-governmental organization
d) Autonomous

e) Rural property

f) Unemployed

g) Retired

7- How many weekly hours do you
work?

a) No set work hours, up to 10
hours/week

b) From 11 to 30 hours/week

c) From 30 to 40 hours/week

d) More than 40 hours/week

e) Does not work

8- Number of people that live with you
and their age (including employees)
a) Between O and 12 years____

b) Between 12 and 18 years____

c) Between 18 and 24 years__

d) Between 25 and 34 years____

e) Between 35 and 44 years____

f) Between 45 and 59 years____

g) Between 60 and 75 years____

h) Older than 76 years

9 - Your physical activity
frequency:

a) Daily

b) Once a week

c) Three times a week

d) More than three times a week
e) Does not exercise

10- How long do you exercise:

11- How long do you exercise
for:

12-- Do you believe you eat:
( )Inexcess ( )Normal ( )Low
amounts

13- How many times do you
consume fried food?

() Daily () 1-2 times/week

() +3times/week () Occasionally
() Never

14- How many times do you consume
fruits?

() Daily () 1-2 times/week

() +3 times/week () Occasionally

() Never

15. How many times do you
consume vegetables?

() Daily () 1-2 times/week

() +3 times/week () Occasionally
() Never

16. How many times do you
consume snacks?

() Daily () 1-2 times/week

() +3 times/week () Occasionally

() Never

Dog’s information’s:

17- Age:

18- Sex:

19- Breed:

20- Diseases:

21- Neutered: ( ) Yes( )No

22- Neutered at age:

23-Vaccines: ( ) Yes ( )No
24-Vaccines:( ) annual ( )late ()
never

25-Participation in vaccination
campaign: ( ) Yes ( )No

26- Vaccination by veterinarian:
()Yes ( )No

27- Visits to a veterinarian: () Yes ( )No

28- Frequency:

() Every 3 months ( ) Every 6
months () annual

() only when sick () never

29- Diet:

( )Dry ( )Homemade

() Table scraps

() Dry + homemade ( ) Other

30 -Frequency:

() Ad libitum () 2x/day ( ) 3x/day
() 4x or more/day

31- Quantity: () Unspecific measure
() Ad libitum () Weighed

32- Criteria used to determine
quantity:

() Label ( ) Veterinarian( ) Pet store
employee( ) Not determined

() Determined by owner

33- Name of food
brand/manufacturer:

34-Snack specification:

35- Physical activity frequency
36-Type:

37.Do you think your dog is:
() Underweight

() Ideal

() Overweight

() Obese

Figure 1. Details of the questionnaire completed by participating owners.

impact of the animal in its census area and another related to the impact of the census area in all city regions. The
weightings were determined using a two-stage method and the weighting of each household and each animal in
the household were determined according to Canatto et al.?’.

Questionnaire responses were initially evaluated as percentages. The chi-square test, with a significance level
of 5%, was used to assess the differences between BCS [underweight (BCS < 3); ideal (BCS 4 and 5); overweight
(BCS 6 and 7); and obese (BCS 8 and 9)] and different variables including reported diseases, feeding management
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of dogs, and owner characteristics. Dog owner variables assessed included age (with dogs classified as young,
adult and senior), sex, reproductive status (whether neutered or intact and age at neutering), and breed size.
Although details of individual breeds were reported, these were not assessed statistically given small studies.
For a similar reason, details of diseases reported by the owner were not assessed statistically. Variables analyzed
with this test were later evaluated with the multiple correspondence test to investigate profiles regarding BCS of
dogs. This analysis was performed with computer software (“R” Studio with the package “ca’, version 1.2.5032,
R Studio, United States).

Risk factors for overweight and obese body condition were determined by calculating odds ratios (OR)
and associated 95% confidence intervals (CI 95), using multiple logistic regression. For this analysis, dogs with
BCS =4 were divided into two categories: overweight and obese (BCS > 5) vs. ideal weight (BCS 4 and 5). Initially,
variables were tested independently using the Chi-square test, and those that were P <0.20 were used in multiple
regression. The model was refined in a backwards stepwise fashion, by removal of the least significant variable
at each round until the model only contained variables that were P <0.05. These analyses were performed with
computer software (SPSS, version 20; IBM Corporation).

Kappa analysis was used to determine agreement between BCS determined by the veterinarians and owners,
with results being interpreted according to Landis and According (1977)%, whereby agreement is assumed to
be low if between 0.00 and 0.20; reasonable if between 0.21 and 0.40; moderate if between 0.41 and 0.60; high
if between 0.61 and 0.80; and almost perfect if between 0.81 and 1.00, all performed with computer software
(SPSS, version 20; IBM Corporation).

Ethical approval. The experimental protocol was conducted according to ethical principles in human and
animal experimentation and was approved by the Commission on Ethics in the Use of Animals of the School of
Veterinary Medicine and Animal Science of the University of Sao Paulo (protocol number 3443010217) and the
Commission of Ethics in Research with Humans of the Luiz de Queiroz College of Agriculture of the University
of Sao Paulo (protocol number 71711317.2.0000.5395).

Results

Characteristics of the final study population. A total of 1,198 households were visited and of these,
221 were included in the study comprising a total of 285 dogs. Reasons for exclusion included: households with
no house owner present (619), households without dogs (250), owner declining participation in the study (50),
residential buildings with unauthorized access (25), homes with dogs but owners absent (18), aggressive dogs
(8); pregnant dogs or owners (3); dogs less than 8 months old (2), schools with unauthorized access (2).

Based upon BCS determined by the investigators, 23 dogs (8.1%) were classified as underweight, 149 (52.3%)
were classified as ideal weight, 75 (26.3%) were classified as overweight and 38 (13.3%) were classified as obese.
After weighting to account for the city region, the overall prevalence in the city of Sao Paulo, Brazil, was estimated
at 25.9% for dogs in overweight status and 14.6% for dogs with obesity.

Associations between bodyweight and animal variables. Information regarding age range, sex,
breed, breed size, reproductive status, age at neutering, and reported diseases are described in Tables 1 and 2.
Body condition score was associated with sex (P=0.003) and reproductive status (P <0.001), with the prevalence
of overweight and obesity being greater in female dogs and those that were neutered. However, body condition
was not associated with age, breed size, or age of neutering.

Information regarding veterinary care (e.g. vaccination history and details of veterinary visits), exercise, other
animals in the household, and type of household) and feeding management (type of diet, meal frequency and
portion, snack intake) are described in Tables 3, 4 and 5. There were no associations between body condition
and vaccination status (whether vaccinated, P=0.863; frequency of vaccination, P=0.178; whether vaccinated
in a municipal campaign, P=0.118; and vaccination by a veterinarian, P=0.155) and whether the dog had been
assessed by a veterinarian (P=0.091). However, there was a significant association between body condition and
the frequency of visits to a veterinarian (P=0.026), with the prevalence of obesity being less in dogs that never
visited a veterinarian.

Both meal frequency (P=0.033) and snack intake (P=0.011) were significantly associated with body condi-
tion, with the prevalence of obesity being greatest in dogs fed twice daily or ad libitum and in those fed snacks.
However, there was no association between body condition and type of food (P=0.864), the type of snacks fed
(P=0.271), daily exercise (P=0.265), weekly exercise (P=0.856), the presence of other animals in the household
(P=0.289), and the type of household (P=0.587).

Associations between bodyweight and owner variables. Information regarding socioeconomic
characteristics of owners (Table 6), feeding and exercising habits (Table 7), BMI and morphometric measure-
ments (Table 8) and profile of people living within the household (Table 9) were also obtained. There were no sig-
nificant associations between body condition and sex, age, education, family income, exercise, BMI, and owner
morphometric measurements (Tables 8, 9). There were also no differences between body condition of dogs and
owner reported consumption of various foods (Table 7) including fried food (P=0.339), fruit (P=0.200), vegeta-
bles (P=0.659). However, the prevalence of obesity was positively associated by owners who reported consum-
ing more snacks (P=0.005). There was no association between body condition and either the occupation of the
owner and the presence of children within the household; however, the prevalence of overweight dogs was less
in households where elderly people lived, compared with households without elderly people (P=0.006).
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Underweight | Ideal (BCS | Overweight | Obese (BCS

(BCS 1-3) 4-5) (BCS6-7) |8-9) All dogs
Characteristics N % N ‘ % N |% N |% N % P-value®
Age range®
Young 12 7.1 98 | 58.0 40 | 237 19 11.2 169 100.0
Adult 4 6.1 30 | 45.5 21 31.8 11 16.7 66 100.0
Senior 7 14.9 18 | 383 14 | 298 8 17.0 47 100.0 0191
No information 0 0.0 3| 100.0 0 0.0 0 0.0 0 100.0
Sex
Female 11 7.3 65| 43.3 46 | 30.7 28 18.7 150 100.0 0.003
Male 12 8.9 84| 62.2 29 | 215 10 7.4 135 100.0
Reproductive status
Neutered 8 6.4 50 | 40.0 39 | 312 28 | 224 125 100.0 <0001
Intact 15 9.4 99 | 61.9 36 | 225 10 6.2 160 100.0
Sex and reproductive status
Neutered females 7 8.9 29| 36.7 24 304 |19 |241 79 100.0
Neutered males 1 2.2 21| 457 15 | 326 9 19.6 46 100.0 0.404
Age at neutering
Up to 1 year 4 53 36| 474 21 | 27.6 15 | 195 76 100.0
1 to 3 years 1 10.0 2| 20.0 4 1400 3 30.0 10 100.0
More than 3 years 2 7.7 6| 231 10 | 385 8 30.8 26 100.0 0.359
Intact 15 9.4 99 | 619 36 22,5 10 6.2 160 100.0
No information 1 7.7 6| 46.1 4 1308 2 15.4 13 100.0

Table 1. Relationship between signalment and the body condition of dogs. BCS body condition score. *p value
obtained by the chi-square test. > Age and breed size classification according to Hosgood and Scholl'°.

Underweight | Ideal (BCS | Overweight | Obese (BCS

(BCS 1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristics N |% N | % N [ % N % N | % P-value®
Breed
Dobermann Pinscher 1 |56 8 | 444 5 |27.8 4 22.2 18 | 100.0
Labrador Retriever 1 |10.0 2200 4 |40.0 3 30.0 10| 100.0
Lhasa Apso 2 200 8 |80.0 0 |00 0 0.0 10| 100.0
Poodle 3 18.8 51312 5 31.2 3 18.8 16 | 100.0
Shih-tzu 0 |0.0 13 | 81.2 3 1188 0 0.0 16 | 100.0 i
Mixed breed 12 |87 74 | 53.6 37 1268 15 10.9 138 100.0
Yorkshire Terrier 1 |43 11 (47.8 5 |21.7 6 26.1 23(100.0
Other breeds 3 |56 28 | 51.9 16 |29.6 7 13.0 541 100.0
Breed size”
Small 16 | 10.3 78 | 50.0 41 |263 21 13.5 156 | 100.0
Medium 5 6.0 50 | 59.5 21 25 8 9.5 84 | 100.0 0.637
Large 2 |44 21 | 46.7 13 | 289 9 20.0 45100.0
Disease reported by the owner
Cardiopathy 1 100.0 01]0.0 0 |00 0 0.0 1| 100.0
Tracheal collapse 0 100 010.0 0 |00 1 100.0 1|100.0
Dermatopathy 0 |00 3 160.0 1 1200 1 20 51100.0
Diabetes mellitus 0 0.0 2667 1 ]333 0 0.0 31100.0
Epilepsy 0 |00 201000 | 0 |00 0 |00 2[1000 |
Neoplasia 0 |00 1150.0 1 |50.0 0 0.0 21 100.0
Orthopedic 0 |00 51625 1 12.5 2 25 81100.0
No disease 22 196 136 | 59.4 71 31.0 0 0.0 2291 100.0

Table 2. Relationship between signalment and health information and the body condition of dogs. BCS body
condition score. *p value obtained by the chi-square test. ®Breed size classification according to Hosgood and
Scholl*
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Underweight | Ideal (BCS | Overweight | Obese

(BCS 1-3) 4-5) (BCS6-7) | (BCS8-9) | Alldogs
Characteristic | N % N % N | % N | % N % P-value®
Vaccinated
Yes 22 8.0 143 | 52.0 |73 |26.5 37 | 135 | 275 |100.0
No 1 16.7 4 166.7 1 [16.7 0 |0.0 6 |100.0 |0.863
No information 0 0.0 2 |50.0 1 1250 1 ]250 4 |100.0
Frequency of vaccination
Yearly 19 7.7 130 | 52.6 |64 |259 34 | 13.8 |247 |100.0
Not every year 3 10.7 13 464 9 | 3214 3 107 28 [100.0 0.178
Never 1 16.7 4 |66.7 1 |16.7 0 |0 6 |100.0
No information 0 0 2 150.0 1 (250 1 (250 4 |100.0
Vaccinated in a municipal campaign
Yes 14 10.2 61 | 445 |36 |26.3 26 | 189 |[137 |100.0
No 8 5.6 85 |60.2 |38 |269 10 | 7.1 141 100.0 | 0.118
No information 1 14.3 3 429 1 (143 2 | 833 7 1100.0
Vaccinated by veterinarian
Yes 15 6.9 114 | 523 |55 |252 34 | 156 |218 |100.0
No 8 11.9 35 522 |20 |299 4 16.0 67 | 100.0 0155
Has been assessed by a veterinarian
Yes 17 7.0 125 |51.2 |65 |26.6 37 | 152 |244 |100.0
No 6 15.8 23 |60.5 |10 |23.7 0 |0.0 39 | 100.0 0.091
Frequency of visits to a veterinarian
Yearly 2 2.3 54 614 |19 |21.6 13 | 148 88 [100.0
Only when sick | 16 10.1 73 | 459 |46 |289 24 | 151 159 | 100.0 0.026
Never 4 12.9 19 |61.3 8 |258 0 |0.0 31 |100.0
No information 1 14.3 3 1429 2 | 286 1 (143 7 1100.0

Table 3. Association between body condition and the health information of the 285 evaluated dogs. BCS body
condition score. *P-value obtained by the chi-square test.

Multiple logistic regression analysis to determine factors association with weight status in
dogs. The results for the multiple logistic regression are presented in Tables 10, 11, 12 and 13. The odds of
having an overweight or obese body condition was greater in adult dogs (OR 0.57, CI-95 0.34-0.94), female
dogs (OR 2.45; CI-95 1.48-4.06), neutered dogs (independent of sex, OR 2.88; CI-95 1.74-4.78); dogs living
with elderly people in the household (OR 1.69, CI-95 1.14-3.14); and having other pets in the households (OR
1.89, CI-95 1.03-2.76).

Multiple correspondence analysis to determine factors association with weight status in
dogs. The results of the multiple correspondence test are presented in Figs. 2 and 3. A stronger correspond-
ence to obesity was seen for animals with profile A (neutered and with frequent visits to a veterinarian), whilst
a stronger correspondence for ideal weight and underweight was seen for dogs with profile B (intact males fed
ad libitum). Further, dogs with profile C (households without elderly people and owner with healthy feeding
habits) had a stronger correspondence with ideal BCS, whilst dogs with profile D (household with elderly people
and owner with unhealthy feeding habits) had a stronger correspondence with overweight and obesity.

Reasonable overall agreement (K=0.285; P<0.001), systematic differences were noted. For underweight dogs,
more than 70% of owners overestimated the BCS of their dogs; for dogs in ideal BCS, 85% of the owners estimated
their dog’s body condition correctly. Only 21% of owners of overweight and obese dogs accurately assessed their
dog’s BCS, 63% underestimated the body condition, and 26% believed the dog to be in an ideal BCS.

Discussion
To the authors’ knowledge, this is the first study to estimate the prevalence of canine obesity in Latin America,
and the first to use a structured design akin to a census to estimate the obesity prevalence in a metropolitan
area. Given that this approach evaluates a representative sample of a community, rather than animals registered
with or assessed by veterinarians, it likely provides a more reliable estimate of true prevalence than studies with
a population of veterinary hospitals>®!23-2%, retrospective BCS studies from hospital records>>%%2%” or tel-
ephoning owners for information®. The prevalence of overweight condition was 25.9%, whilst the prevalence of
obesity was 14.6%, results which are broadly similar to studies conducted in the United Kingdom, Japan, China,
and Spain, where estimates of the combined prevalence of overweight and obesity ranged from 38 to 60%>*>%.
In previous studies, several factors are reported to be associated with canine obesity including breed, sex,
neutering, and owner habits including feeding and management practices of their dogs®***°. In this study, female
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Underweight | Ideal BCS Overweight | Obese (BCS

(BCS 1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristic N % N % N % N % N % P-value®
Type of diet
Homemade 1 8.3 7 58.3 2 16.7 2 16.7 12 100.0
Commercial 17 8.4 104 51.5 54 26.7 27 13.4 202 100.0
Commercial, homemade, scraps 5 7.2 38 55.1 18 | 26.1 8 11.6 69 100.0 0-864
No information 0 0.0 0 0.0 1 50.0 1 50.0 2 100.0
Meal frequency
Once a day 0 0.0 10 58.8 6 35.3 1 5.9 17 100.0
Twice a day 3 2.6 62 53.9 34 29.6 16 13.9 115 100.0
>three times a day 5 |10.2 31 63.3 9 184 4 8.2 49 100.0 0.033
Ad libitum 15 14.7 46 45.1 25 24.5 16 15.7 102 100.0
No information 0 0.0 0 0.0 1 50.0 1 50.0 2 100.0
Method of quantification of daily food intake
Not weighted 23 9.7 121 51.1 64 32.6 31 12.7 239 100.0 0.195
Weighed 0 0.0 28 60.9 11 23.9 7 15.2 46 100.0
Criteria to determine daily food intake
Dog breeder or shop worker 0 0.0 1 50.0 1 |500 0 0.0 2 100.0
Label 0 0.0 17 73.9 3 13.0 3 13.0 23 100.0
Veterinarian 0 0.0 22 55.3 11 289 6 15.8 39 100.0 0.503
Owner choice 23 13.7 109 65.5 60 35.7 29 17.3 221 100.0
No information 9 11.8 38 50.0 21 27.7 8 10.5 76 100.0
Snacks
Yes 10 5.1 102 52.0 52 26.5 32 16.3 196 100.0
No 13 14.6 47 52.8 23 25.8 6 6.7 89 100.0 o0tt
Type of snack
Human 3 39 38 50.0 17 224 18 23.7 76 100.0
Canine 1 2.6 22 57.9 9 23.7 6 15.8 38 100.0
Human and canine 6 7.3 42 51.2 26 31.7 8 9.7 82 100.0 0271
Apartment 4 52 42 55.2 18 23.7 12 15.8 76 100.0

Table 4. Association between body condition and general management of the 285 evaluated dogs. BCS body
condition score. *P-value obtained by the chi-square test.

Underweight | Ideal (BCS Overweight | Obese (BCS

(BCS1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristic N [% N % N [% N [% N [% P-value*
Daily exercise®
Low 3 9.4 21 65.6 7 219 1 3.1 32 100.0
Moderate 0 0.0 15 65.6 5 21.7 3 13.0 23 100.0 0.265
Not exercised daily 20 8.7 113 48.1 63 27.4 34 14.8 230 100.0
Weekly exercise”
<150 h 5 5.4 54 58.1 21 22.6 13 14.0 93 100.0
>150h 3 7.1 24 57.1 11 26.2 4 9.5 42 100.0 0.856
Does not exercise 15 10.0 71 47.3 43 28.6 21 14.0 150 100.0

Presence of other animals in the household

Dogs 8 6.5 54 43.9 40 | 325 21 17.1 93 100.0

Cats 0 0.0 5 714 2 28.6 0 0.0 7 100.0

Dogs and cats 0 0.0 6 85.7 1 14.3 0 0.0 7 100.0 0289
No other animals 15 10.1 84 56.7 32 | 216 17 115 148 100.0

Type of household

House 19 9.1 107 512 57 | 273 26 12,5 209 100.0
Apartment 4 5.2 42 55.2 18 | 237 12 15.8 76 100.0 0587

Table 5. Association between body condition and the physical activity of the 285 evaluated dogs. BCS body
condition score. *P-value obtained by the chi-square test. *Exercise levels were classified according to Degeling
etal.l’.
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Underweight | Ideal (BCS Overweight Obese (BCS

(BCS 1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristics N % N ‘ % N % N % N % P-value®
Gender
Male 6 4.3 53 38.1 54 38.8 26 18.9 139 100.0
Female 17 11.6 96 65.7 21 14.4 12 8.2 146 100.0 0800
Age range
18 to 34 years 9 10.2 50 56.8 14 15.9 15 17.0 88 100.0
35 to 59 years 12 9.0 68 50.7 42 31.3 12 9.0 134 100.0 0.094
>60 years 2 32 31 49.2 19 30.1 11 17.5 63 100.0
Education
Did not finish middle school 1 50.0 1 50.0 0 0.0 0 0.0 2 100.0
Middle school 8 14.3 23 41.1 17 30.3 8 14.3 56 100.0
High school 9 7.4 65 53.2 32 26.2 16 13.1 122 100.0 0.240
College 4 39 59 57.8 25 245 14 13.7 102 100.0
No information 1 333 1 333 1 33.33 0 0.0 3 100.0
Family income®
Low 7 12.5 25 44.6 18 32.1 6 10.7 56 100.0
Middle class 8 6.6 66 54.5 28 23.1 19 15.7 121 100.0
Elite 6 59 58 56.8 26 254 12 11.7 102 100.0 0533
No information 2 33.3 0 0.0 3 50.0 1 16.7 6 100.0

Table 6. Relationship between owner socioeconomic factors and the body condition of dogs. BCS body
condition score. *p value obtained by the chi-square test. "Family income classified according to Neri?*.

Underweight | Ideal (BCS Overweight | Obese (BCS

(BCS 1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristics N ‘ % N ‘ % N ‘ % N % N % P-value®
Physical activity
Yes 8 7.1 68 60.2 31 274 6 53 113 100.0
No 15 9.6 81 51.6 44 28.0 17 10.8 157 100.0 0.406
Fried food consumption®
Healthy 11 7.6 79 54.5 40 27.6 15 10.3 145 100.0 0339
Unbhealthy 12 8.6 70 50.0 35 25.0 23 16.4 140 100.0
Fruit consumption®
Healthy 15 7.7 97 49.5 57 29.1 27 13.8 196 100.0 0.200
Unbhealthy 8 9.0 52 58.4 18 20.2 11 12.4 89 100.0
Vegetable consumption®
Healthy 10 7.0 86 60.1 27 18.9 20 14.0 143 100.0 0,659
Unhealthy 13 9.2 63 44.4 48 33.8 18 12.7 142 100.0
Snack consumption®
Healthy 7 5.6 81 64.8 27 21.6 10 8.0 125 100.0 0.005
Unbhealthy 16 10.0 68 42.5 48 30.0 28 17.5 160 100.0

Table 7. Relationship between owner feeding and exercise habits and the body condition of dogs. BCS body
condition score. * P-value obtained by the chi-square test. "Feeding habits were classified according to the
Feeding Guide of the Brazilian Population, with individuals consuming snacks three or more times a week or
consuming fruits and vegetables once or twice a week (or less) were considered to have ‘unhealthy’ feeding
habits.

sex was associated with overweight and obesity, with the odds being 2.45 times greater in female dogs compared
with male dogs. The magnitude of this effect is similar to that obesity by Edney and Smith'' and corroborating
the findings of other studies*®*?*%. Reasons previously suggested for such an association include a the fact that
basal metabolic rate is less in female dogs, and the potential effects of estrogen on voluntary food intake 252%31-33,
Reproductive status, independent of sex, was also associated with overweight and obesity, with the odds being
2.88 times greater for neutered dogs compared with those that were sexually intact. This finding is again con-
sistent with the results of other studies, and is suggested to be related to altered behavior leading to food intake
and decreased physical activity?>****. Although no association was found between age at neutering and body
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Underweight | Ideal (BCS | Overweight | Obese (BCS

(BCS1-3) |4-5) (BCS6-7) | 8-9) All dogs
Characteristic N % N % N ‘ % N ‘ % N % P-value®
Owner body mass index
Underweight (< 18.5) 1 20.0 2 40.0 1 20.0 1 20.0 5 100.0
Eutrophic (18.5-24.9) 9 7.7 60 51.3 34 29.1 14 12.0 117 100.0
Overweight (25.0- 29.9) 8 10.0 36 45.0 22 27.5 14 17.5 80 100.0 0.384
Obese (=30.0) 3 3.9 50 64.9 15 19.5 9 11.7 77 100.0
No information 2 333 1 16.7 3 50.0 0 0.0 6 100.0
Owner waist/hip ratio®
Low risk 6 7.1 47 55.3 23 27.1 9 10.6 85 100.0
Moderate risk 9 115 45 | 57.7 16 |20.5 8 10.3 78 100.0
High risk 6 52 55 47.8 33 28.7 21 18.3 115 100.0 0254
No information 2 28.6 2 28.6 3 42.8 0 0.0 7 100.0
Owner waist/height ratio®
Not at risk 12 8.7 70 50.7 39 283 17 12.3 138 100.0
At risk 9 6.4 78 55.3 33 23.4 21 14.9 141 100.0 0.626
No information 2 333 1 16.7 3 50.0 0 0.0 6 100.0
Owner abdominal circumference®
Not at risk 10 8.1 68 54.8 32 25.8 14 11.3 124 100.0
At risk 12 7.6 80 50.6 42 26.6 24 15.2 158 100.0 0.788
No information 1 33.3 1 33.3 1 333 0 0.0 3 100.0

Table 8. Relationship between owner body mass index and morphometric measurements and the body
condition of dogs. BCS body condition score *p value obtained by the chi-square test. "Owner waist/hip ratio
classified by health disease risk as low risk (<0.91 men; <0.76 women); moderate risk (0.90-0.96; 0.76-0.83)
and high risk (>0.97 men; >0.82 women)**?!. “Owner waist/height ratio classified by cardiovascular disease
not at risk (<0.52) and at risk (>0.52)%2!, ¢{Owner abdominal circumference classified by health disease risk at
risk (=94 cm men; >80 cm women)?%2!,

Underweight | Ideal (BCS Overweight | Obese (BCS

(BCS 1-3) 4-5) (BCS 6-7) 8-9) All dogs
Characteristics N % N [% N [% N [% N % P-value*
Owner’s occupation
Outside of home 9 6.5 80 53.6 39 28.3 16 11.6 138 100.0 0.465
Home 14 10.2 69 474 36 26.3 22 16.1 137 100.0
Children in the household
Yes 9 10.1 49 55.1 22 24.7 9 10.1 89 100.0
No 14 7.1 100 51.0 53 27.0 29 14.8 196 100.0 0749
Elderly people in the household
Yes 10 5.7 106 60.9 34 19.5 24 13.8 174 100.0 0.006
No 13 11.7 43 38.7 41 36.9 14 12.6 111 100.0

Table 9. Relationship between owner occupation and household information and the body condition of dogs.
BCS body condition score. *P-value obtained by the chi-square test.

condition score, previous studies have suggested that early-age neutering can favor the maintenance of ideal
body condition®**%. Age has also previously been associated with body condition in dogs, with the prevalence of
overweight status being greater in middle age and senior dogs>>****. However, in the present study, there was
no association between age and body condition. Previously-reported breed associations with obesity in dogs
include Beagle, Dachshund, Golden Retriever, and Labrador Retriever>'?. In the current study, the greatest
prevalence of overweight and obesity was seen in mixed-breed dogs, although 70% of Labrador Retrievers were
overweight. The reasons in age and breed associations amongst studies are not clear, but might relate to differ-
ences in the demographics of the populations and also methods used in the study.

Feeding management practices of pet dogs are suggested to be associated with weight gain and obesity,
including meal frequency, food choice, and how the portion size is determined!. Some epidemiological stud-
ies have suggested that feeding multiple meals a day decreases the risk of obesity*>**, possibly by increasing
energy loss by thermogenesis®. However, the results of the current study did not support these findings, and
the odds of overweight and obesity were greater in dogs fed three or more meals a day, a finding similar to other
studies>!!. A strong correspondence was observed between ideal weight and underweight intact males and
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Overweight

and obese Ideal (BCS

(BCS=6) 4-5) Total
Variable N ‘ % N % N % OR CI-95 P-value®
Age range®
Young 59 |37.6 98 62.4 157 100.0 0.57 0.34-0.94 0,020
Adult 51 51.5 48 48.5 99 100.0
Sex
Female 74 | 532 65 46.8 139 100.0 245 1.48-4.06
Male 39 31.7 84 68.3 123 100.0 <0001
Reproductive status
Neutered 67 |57.3 50 42.7 117 100.0 2.88 1.74-4.78
Intact 46 | 31.7 99 68.3 145 100.0 <0001
Age at neutering
<3 years 43 | 53.1 38 46.9 81 100.0 0.38 0.14-1.05 0.050
>3 years 18 | 75.0 6 25.0 24 100.0
Meal frequency
Up to three times a day 57 | 442 72 558 129 |100.0 |1.13 |0.69-1.85 0360
Ad libitum 54 |412 77 58.8 131 100.0
Quantification of food amount
Not accurately measured 93 |435 |121 |56.5 |214 |100.0 |1.19 |0.62-2.29 0356
Weighed 18 [39.1 28 60.9 46 100.0
Snack consumption by the dog
Yes 84 | 452 102 54.8 186 100.0 1.33 0.77-2.30
No 29 382 47 61.8 76 100.0 0184
Exercise
Yes 8 27.6 21 72.4 29 100.0 0.71 0.22-2.33
No 8 |3438 15 65.2 23 100.0 039

Table 10. Multiple logistic regression analysis of dog’s factors associated with overweight or obese body
condition in dogs. BCS body condition score; OR odds ratio; CI-95 95% confidence interval. ?P-value obtained
by the chi-square test. >Age and breed size classification according to Hosgood and Scholl'¢. BMI* body mass

index.
Overweight
and obese Ideal (BCS
(BCS=>6) 4-5) Total
Variable N % N % N % OR CI-95 P-value®
Owner’s body mass index
>25.0 60 41.1 86 589 146 100.0
0.86 0.53-1.42 0.328
<25.0 50 44.6 62 55.4 112 100.0
Other pets in the household
Yes 64 49.6 65 50.4 129 100.0
1.69 1.03-2.76 0.025
No 49 36.8 84 63.2 133 100.0
Household type
Apartment 30 41.7 42 58.3 72 100.0
0.92 0.53-1.59 0.440
House 83 43.7 107 56.3 190 100.0

Presence of children in the household
Yes 31 44.9 38 55.1 69 100.0
No 81 44.8 100 55.2 181 100.0

1.01 0.58-1.76 0.546

Presence of elderly people in the household
Yes 58 |53.7 50 | 463 108 100.0
No 54 | 380 88 620 142 100.0

1.89 1.14-3.14 0.014

Table 11. Multiple logistic regression analysis of owner s factors associated with overweight or obese body
condition in dogs. BCS body condition score; OR odds ratio; CI-95 95% confidence interval. *P-value obtained
by the chi-square test. BMI* body mass index.
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Overweight

and obese Ideal (BCS

(BCS=6) 4-5) Total
Variable N % N ‘ % N % OR | CI-95 P-value*
Age range®
Young 59 37.6 98 | 624 |157 100.0 | 0.57 | 0.34-0.94 0,020
Adult 51 51.5 48 48.5 99 100.0
Sex
Female 74 53.2 65 |46.8 |139 100.0 |2.45 | 1.48-4.06
Male 39 31.7 84 68.3 | 123 100.0 <0.001
Reproductive status
Neutered 67 57.3 50 | 427 | 117 100.0 | 2.88 | 1.74-4.78
Intact 46 31.7 99 | 683 |145 100.0 <000t
Age at neutering
<3 years 43 53.1 38 | 46.9 81 100.0 | 0.38 |0.14-1.05 0,050
>3 years 18 75.0 6 |250 24 100.0
Meal frequency
Up to three times a day 57 442 | 72 |558 [129 |100.0 |1.13 |0.69-1.85 0360
Ad libitum 54 41.2 77 | 58.8 |131 100.0
Quantification of food amount
Not accurately measured 93 435 | 121 |56.5 |214 |100.0 |1.19 |0.62-2.29 0356
Weighed 18 39.1 28 | 60.9 46 100.0
Snack consumption by the dog
Yes 84 452 | 102 |54.8 |186 |100.0 |1.33 |0.77-2.30
No 29 38.2 47 | 61.8 76 100.0 0184

Table 12. Multiple logistic regression analysis of factors associated with overweight or obese body condition
in dogs. BCS: body condition score; OR: odds ratio; CI-95: 95% confidence interval. *P-value obtained by the
chi-square test. ®Age and breed size classification according to Hosgood and Scholl'®. BMI* body mass index.

Underweight (BCS Overweight (BCS

1-3) Ideal (BCS 4-5) 6-7) Obese (BCS 8-9)
Owner BCS N % N % N % N % P-value® KP®
Underweight 6 26.1 11 7.4 0 0.0 0 0.0
Ideal 16 69.6 127 85.2 47 62.7 10 26.3
Overweight 1 4.3 10 6.7 28 37.3 20 52.6 <0.001 0.285
Obese 0 0.0 1 0.7 0 0.0 8 21.1
Total 23 100.0 149 100.0 75 100.0 38 100.0

Table 13. Comparison of agreement between body condition scores determined by owner and veterinarians.
BCS body condition score; OR odds ratio. *p value obtained by the chi-square test. °KP correspondent to kappa
test (inter-rater agreement).

feeding ad libitum, as a result of a multiple correspondence analysis. However, this result is a controversy, because
non-food restriction is considered an easy way to fed animals, and can contribute to consumption of excessive
of calories (brooks). The results of the current study might reflect the fact that those feeding multiple meals also
tended to feed a larger overall daily amount and the intact males may not have had an excessive motivation for
food consumption. However, further studies would be required to confirm this possibility.

In addition, the type of food fed is also suggested to be important, not least given that consumption of com-
mercial diets has previously been associated with a lower prevalence of obesity?. Establishing associations with
particular food types proved to be difficult in the current study, because owners were often vague about exactly
what they fed their dogs. Nonetheless, feeding snacks was associated with an increased odds of overweight or
obesity in this study, consistent with findings from other studies>®?***2%32_Given that association between the
of feeding snacks and canine obesity is such a consistent finding across many epidemiological studies, veterinar-
ians should arguably provide clearer nutritional guidance to dog owners. Recommendations should be based on
an appropriate nutritional assessment taking into consideration age, exercise level, breed, and other factors?.
Indeed, a previous study from Germany suggested that owners frequently sort guidance from veterinarians about
appropriate nutrition for their dogs®. Nonetheless, such an approach might be limited by the owners’ willingness
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Figure 2. Multiple correspondence analysis of relationship between body condition score (BCS), underweight
(BCS_1), ideal (BCS_2), overweight (BCS_3) and obese (BCS_4) with significant animal variables in

the simple analysis: sex (sex_F=female and sex_M =male), reproductive status (neut_y=neutered and

neut_n =non-neutered), daily frequency of feeding (freq._f_1=1 time, freq._f 2=2 times, freq._f_3=3 times
and freq._f 4=ad libitum), frequency of visits to veterinary practice (freq._v_1 =never, freq._v_2=only if ill,
freq._v_3=frequently) and snacks intake (treat_y=yes, treat_n=no).
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Figure 3. Multiple correspondence analysis of relationship between body condition score (BCS), for
underweight (BCS_1), ideal (BCS_2), overweight (BCS_3) and obese (BCS_4) dogs, with significant animal
variables in the simple analysis: presence of elderly people in the household (eld_y =house with elderly
people and eld_n =house without elderly people) and habit of eating snacks (snack_1 =healthy habit and
snack_2 =unhealthy habit).

to follow advice not least given that, in the current study most (65%) owners did not follow any recommendations
of the type or quantity of food to feed their dog, either from the label or from a veterinarian.

Few studies evaluated the influence of feeding habits of owners on canine obesity, although some studies point
to that relation®'. In the present study, there was an association between ‘unhealthy’ feeding habits of owners
and BCS of dogs, with 64% and 74% of owners of overweight and obese dogs, respectively, reporting such eating
patterns. The reason for such an association is not known, but might reflect the fact that owners of dogs with
overweight or obesity have less overall interest in ‘healthy nutrition’ than other owners. An alternative possibility
is that, when owners snack on unhealthy foods, they also offer some to their dogs. Such a bystander effect might
also explain the odds of obesity were 1.69 times greater in dogs that lived with other pets. Interestingly, there
was no association between owners reporting ‘healthy feeding habits’ (such as consuming fruit and vegetables)
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and the body condition of their dogs. Thus, owners’ recognition of the need to consume fruits and vegetables
regularly, might not offset the risks of weight gain from other feeding practices such as snacking. Nonetheless,
these results should be interpreted cautiously because some owners might not have answered accurately, instead
choosing to answer according to what they believed to be the correct so as to avoid judgment'’.

Unlike previous epidemiological studies conducted in France, USA, and Spain®'*?, in which the BMI of own-
ers was associated with body condition of dogs, such an association was not observed in the current study, and
nor were there any associations with any or the morphometric measurements. The reason for such a difference
in not known, but might reflect the relatively high prevalence of overweight and obesity (55%) in the current
study and also the fact that these were measured by the study investigators rather than self-reported. Research
has shown that many people under-estimate their weight status and that of their children®”*. Similarly, owners
often under-estimate the body condition of their dogs'**’, and such a finding was also seen in the current study.
Nonetheless, owners of underweight dogs tended to over-estimate body condition, suggesting that owners tend
to ‘normalize, their dog’s body condition rather than systematically under-estimating it. Further work would be
required to explore this finding more thoroughly.

Another factor that may contribute to increased BCS in dogs is the presence of older adults in the
household®®?. In the current study, the odds of overweight or obesity were 1.89 times greater in households
with of older people. Elderly people might be less spend more time with pets, which increases the likelihood of
giving extra food or snacks between meals and, therefore, increasing energy intake'">>*’. Alternatively, elderly
owners might be less able to exercise their dogs. Further studies would be needed to confirm the reasons for
such findings.

The household income and education level of owners have been previously related to human feeding habits,
where people of lower income and education level are more likely to eat unhealthily**-*. In one previous study,
socioeconomic status of owners was associated with canine obesity® but this was neither seen in the current study
nor in another previous stud®. Although apartment dwelling has been associated with canine obesity in previous
studies®”, such an association was not observed in the present study. However, only the type of household was
considered, and the actual living space was not taken into account; indeed, based on the authors” observations,
the living space in some apartments visited was greater than that in some of the houses visited. Future studies
should consider not only type of household but the space available.

This study has some limitations, however households were approached on commercial hours only which
may have influenced in the population due to inclusion of more retired or unemployed owners. Another limita-
tion is that access to external areas of the household, when present, or size of household were not investigated,
which could have influenced results regarding type of household as several apartments were bigger than houses.
Regarding feeding habits informed by owners in the questionnaire, an involuntary bias could have happened due
to defensive behavior of owners before some questions for fear of being judged and therefore answering what
they think is correct rather than what reflects reality*’.

Conclusion

The prevalence of canine overweight and obesity observed in the present study was 40.5%. Factors associated
with the development of obesity were sex, reproductive status, frequency of visits to a veterinarian, and feeding
practices such as snack intake. The presence of elderly people and the owner’s unhealthy eating habits were also
related to a higher body condition score and increased chances of gaining weight. This is the first Latin Ameri-
can epidemiology study regarding canine obesity, which is the most common nutritional disease in pets and is
increasing in the last decade. Therefore, it is an important step into understanding factors that are correlated
with the development of this disease and by doing so, understanding how to better approach owners in order
to prevent and treat it.

Data availability
The datasets generated during and/or analyzed in the current study are available from the corresponding author
on reasonable request.

Received: 22 January 2020; Accepted: 1 July 2020
Published online: 21 August 2020

References

1. Brooks, D. et al. Weight management guidelines for dogs and cats. J. Am. Anim. Hosp. Assoc. 2014, 1-11 (2014).

2. Mao, ], Xia, Z., Chen, ]. & Yu, J. Prevalence and risk factors for canine obesity surveyed in veterinary practices in Beijing, China.
Prev. Vet. Med. 112, 438-442 (2013).

3. Alonso, J. A. et al. Prevalence of canine obesity, obesity-related metabolic dysfunction, and relationship with owner obesity in an
obesogenic region of Spain. Front. Vet. Sci. 4, 2-5 (2017).

4. Laflamme, D. Development and validation of a body condition score system for dogs. Canine Pract. 22, 10-15 (1997).

5. Usui, S., Yasuda, H. & Koketsu, Y. Characteristics of obese or overweight dogs visiting private Japanese veterinary clinics. Asian
Pac. ]. Trop. Biomed. 6, 338-343 (2016).

6. Lund, E. M., Armstrong, P. J., Kirk, C. & Klausner, J. S. Prevalence and risk factors for obesity in adult dogs from private US vet-
erinary practices. J. Appl. Res. Vet. Med. 4, 177-186 (2006).

7. Mufoz-Prieto, A. et al. European dog owner perceptions of obesity and factors associated with human and canine obesity. Sci.
Rep. 2, 13353 (2018).

8. Courcier, E. A., O'Higgins, R., Mellor, D. J. & Yam, P. S. Prevalence and risk factors for feline obesity in a first opinion practice in
Glasgow, Scotland. ] Feline Med Surg. 12, 746-753 (2010).

9. McGreevy, P. D. et al. Prevalence of obesity in dogs examined by Australian veterinary practices and the risk factors involved. Vet
Rec. 156, 695-702 (2005).

SCIENTIFIC REPORTS |

(2020) 10:14082 | https://doi.org/10.1038/s41598-020-70937-8



www.nature.com/scientificreports/

10. Aptekmann, K. P., Mendes-Junior, A. E, Suhett, W. G. & Guberman, U. C. Feeding patterns of dogs and cats in Espirito Santo -
Brazil. Arq. Bras. Med. Vet. Zootec. 65, 455-459 (2013).

11. Edney, A. T. & Smith, P. M. Study of obesity in dogs visiting veterinary practices in the United Kingdom. Vet Rec. 118, 391-396
(1986).

12. Thrusfield, M. Veterinary Epidemiology 3rd edn, 626 (Blackwell Science, Oxford, 2007).

13. IBGE. Instituto Brasileiro de Geografia e Estatistica, Censo 2010. https://www.ibge.gov.br/home/estatistica/populacao/censo2010/
tabelas_pdf/So_paulo.pdf (2010).

14. MINISTERIO DA SAUDE. Secretaria de Atengdo a Satide. Departamento de Atengdo Bdsica 156 (Guia alimentar para a populagdo
brasileira / Ministério da Saude, Secretaria de Atengdo a Saude, Departamento de Aten¢do Bésica. — 2. ed. - Brasilia: Ministério
da Saude, 2014).

15. Neri, M. Nova Classe Média / Coordenagdo Marcelo Cortes Neri (Rio de Janeiro: FGV/IBRE, CPS, 2008).

16. Hosgood, G. & Scholl, D. Evaluation of age as a risk factor for perianesthetic morbidity and mortality in the dog. J. Vet. Emerg.
Crit. Care 8, 222-236 (1998).

17. World Health Organization (WHO). Obesity and overweight. 2017. https://www.who.int/mediacentre/factsheets/fs311/en/ (2017).

18. ABESO, 4.ed. Brazilian Association for the Study of Obesity and Metabolic Syndrome/ABESO - Associagdo Brasileira para o Estudo
da Obesidade e da Sindrome Metabdlica (Brazilian Association for the Study of Obesity and Metabolic Syndrome) - 4.ed. - Sdo
Paulo, SP (2016).

19. Huang, K. C. et al. Four anthropometric indices and cardiovascular risk factors in Taiwan. Int. J. Obes. 26, 1060-1068. https://doi.
0rg/10.1038/sj.ij0.0802047 (2002).

20. Degeling, C., Burton, L. & McCormack, G. R. An investigation of the association between socio-demographic factors, dog-exercise
requirements, and the amount of walking dogs receive. Can. J. Vet. Res. 76, 235-240 (2012).

21. Canatto, B. D. Demographic characterization of supervised dog and cat populations in Sao Paulo city, Brazil. Arq. Bras. Med. Vet.
Zootec 64, 1515-1523 (2012).

22. Landis, J. R. & Koch, G. G. The measurement of observer agreement for categorical data. Biometrics 33, 159-174 (1977).

23. Mason, E. Obesity in Pet Dogs. Vet Rec. 86, 612-616 (1970).

24. Jerico, M. M. & Scheffer, K. C. Aspectos epidemioldgicos dos caes obesos na cidade de Sao Paulo. Clin. Vet. 37,25-29 (2002).

25. Colliard, L., Ancel, J., Benet, J. ], Paragon, B. M. & Blanchard, G. Risk factors for obesity in dogs in France. J. Nutr. 136, 1951-1954
(2006).

26. Kronfeld, D. S., Donoghue, S. & Glickman, L. T. Body condition and energy intakes of dogs in a referral teaching hospital. J. Nutr.
121, 157-158 (1991).

27. White, G. A. et al. Canine obesity: is there a difference between veterinarian and owner perception?. J. Small Anim.. Pract. 52,
622-626 (2011).

28. Robertson, I. D. The association of exercise, diet and other factors with owner-perceived obesity in privately owned dogs from
metropolitan Perth,WA. Prev. Vet. Med. 58, 75-83 (2003) (PMID: 12628772).

29. German, A. J. The growing problem of obesity in dogs and cats. ] Nutr. 136, 1940-1946 (2006).

30. Chandler, M. et al. Obesity and associated comorbidities in people and companion animals: a one health perspective. J. Comp.
Pathol. 156, 296-309 (2017).

31. Jeusette, L, Detilleux, J., Cuvelier, C., Istasse, L. & Diez, M. Ad libitum feeding following ovariectomy in female Beagle dogs: effect
on maintenance energy. J. Anim. Physiol. Anim. Nutr. 88, 117-121 (2004).

32. Zoran, D. L. Obesity in dogs and cats: a metabolic and endocrine disorder. Vet. Clin. North Am. Small Anim. Pract. 40, 221-239
(2010).

33. Kawauchi, I. M. et al. Effect of dietary protein intake on the body composition and metabolic parameters of neutered dogs. ] Nutr
Sci 6, €40 (2017).

34. Pedrinelli, V. et al. Predictive equations of maintenance energy requirement for healthy and chronically ill adult dogs. J. Anim.
Physiol. Anim. Nutr. https://doi.org/10.1111/jpn.13184 (2019).

35. LeBlanc, J. & Diamond, P. Effect of meal size and frequency on postprandial thermogenesis in dogs. Am. J. Physiol. 250, E144-E147
(1986).

36. Kienzle, E., Bergler, R. & Mandernach, A. A comparison of the feeding behavior and the human-animal relationship in owners of
normal and obese dogs. J. Nutr. 128, 2779-2782 (1998).

37. Kuchler, E. & Variyam, J. N. Misperceptions in self-assessed weight status vary along demographic lines. Food Rev. 25, 21-27 (2002).

38. Tenorio, A. E. S. & Cobayashi, F. Obesidade infantil na percep¢ao dos pais. Rev. Paul Pediatr. 29, 634-639 (2011).

39. Teixeira, F A. et al. The body condition score perception differs between dogs and cats owners. J. Anim. Physiol. Anim. Nutr. 99,
99 (2015).

40. Monteiro, C. A. & Conde, W. L. The changing relationship between education and risk of obesity in Brazil (1975-1997). Caderno
Saiide Pibl. 19, 67-75 (2003).

41. Levy-Costa, R. B,, Sichieri, R., Pontes, N. S. & Monteiro, C. A. Household food availability in Brazil: distribution and trends
(1974-2003). Rev. Saude Publ. 39, 530-540 (2005).

42. Ferreira, V. A. & Magalhies, R. Obesity among the poor in Brazil: female vulnerability. Cien Saude Colet 16, 2279-2287 (2011).

43. Malta, D. C. et al. Trends in prevalence of overweight and obesity in adults in 26 Brazilian state capitals and the Federal District
from 2006 to 2012. Rev. Bras. Epidemiol. 17, 267-276 (2014).

44. Selltiz, C., Wrightsman, L. S. & Cook, S. W. Research Methods in Social Relations 4th edn, 622 (Rinehart and Winston, New York,
1981).

Acknowledgements

The authors acknowledge the contribution of all participating owners. We would like to thank the support of the
Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Brazil (CAPES) - Code 001 and the support
of Royal Canin.

Author contributions

The study design was performed by M.A.B., M.Y.H.P. and R.A.D. Dogs and owners evaluation were performed
by M.Y.H.P,, EA.T. and V.V.O. The statistical analyses were performed by R.A.D. and M.Y.H.P. All authors
participated in the manuscript writing and review process. English review were performed by V.P. and A.J.G.

Competing interests
AJG’s academic post at the University of Liverpool is funded by Royal Canin. AJG has also received financial
remuneration and gifts for providing educational material, speaking at conferences, and consultancy work.

SCIENTIFIC REPORTS |

(2020) 10:14082 | https://doi.org/10.1038/s41598-020-70937-8


http://www.ibge.gov.br/home/estatistica/populacao/censo2010/tabelas_pdf/So_paulo.pdf
http://www.ibge.gov.br/home/estatistica/populacao/censo2010/tabelas_pdf/So_paulo.pdf
http://www.who.int/mediacentre/factsheets/fs311/en/
https://doi.org/10.1038/sj.ijo.0802047
https://doi.org/10.1038/sj.ijo.0802047
https://doi.org/10.1111/jpn.13184

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to M.A.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020)10:14082 | https://doi.org/10.1038/s41598-020-70937-8


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence of canine obesity in the city of São Paulo, Brazil
	Anchor 2
	Anchor 3
	Material and methods
	Study design and ethical considerations. 
	Household visits, estimated sample size and sampling strategy. 
	Information gathering. 
	Data handling and statistical analysis. 
	Ethical approval. 

	Results
	Characteristics of the final study population. 
	Associations between bodyweight and animal variables. 
	Associations between bodyweight and owner variables. 
	Multiple logistic regression analysis to determine factors association with weight status in dogs. 
	Multiple correspondence analysis to determine factors association with weight status in dogs. 

	Discussion
	Conclusion
	References
	Acknowledgements


