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Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors 

for Canine Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil

Álan Gomes Pöppl1, Bruna Meyrer2, Eduardo Costa3, Héber Hein3, 

Luis Gustavo Corbellini3 & Félix Díaz González1

ABSTRACT

Background: Canine diabetes mellitus (CDM) is a common group of metabolic diseases characterized by hyperglycemia 
resulting from defects in insulin secretion, insulin action, or both. In this aspect, many environmental factors have been im-
plicated in CDM development such as sedentariness, obesity, and diet. The goals of this work were to evaluate the accuracy 
of a questionnaire for detection of exposition to risk factors for CDM, as well as make a survey of the degree of exposition 
to these different risk factors before diagnosis in a diabetic dog’s population and study their survival curve after diagnosis.
Materials, Methods & Results: A questionnaire with 18 questions was elaborated based on previous validated question-
naires. From a total of 120 diabetic patients recruited to the study, 110 owners agreed in answer it. The interviews were 
telephone made by trained interviewers. For accuracy determination, answers were compared with standardized medical 
records from the patient´s fi rst consultation. In 94 patients, accuracy determination was possible to be done, and then 
sensibility, specifi city, and the concordance value Kappa were determined for each question, being considered signifi cant 
P values < 0.05. Concerning population profi le, 37 patients (33.63%) were mongrel and 27 (24.54%) Poodles. Other 21 
breeds were identifi ed, with a mean age at CDM diagnosis of 10 ± 2.6 years (3 to 15 years). Eighty one patients (73.63%) 
were females. Mean survival time of the animals that have already dead at the time the questionnaire was applied to the 
owners was 24.4 months (1 to 120 months). Concerning percentage of patients exposed to the different factors in study, 
some data were found in these case series, for example, a high exposition level to diets based on commercial dog food plus 
homemade food or exclusively homemade (70.9%), overweight (76.3%), diestrus in females (68%) and pancreatitis (20%) 
before diagnosis. Owners were consistent in most of their answers, with a mean agreement level for question of 95% (65 
to 100%), and mean agreement level by questionnaire of 92% (72 to 100%). All questions showed Kappa values greater 
than 0.81, except for questions 8 (0.57) and 13 (0.38) that evaluated an overweight history previous to diabetes diagnosis 
and diagnosis during diestrus period, respectively.
Discussion: Based on the good Kappa values for most of the questions the questionnaire was assumed as a reliable tool 
for evaluating risk factors exposition to CDM development and useful to other investigators. The questions with lower 
Kappa values were more susceptible to confusion and recall bias, once sometimes there was a long time elapsed from 
diabetes diagnosis and questionnaire applying. The high percentage of exposition of diabetic dogs to overweight and 
exclusively homemade or homemade plus commercial dog food diet before CDM diagnosis may suggests this environ-
mental factors as risk factors to CDM development in southern Brazil, as have been noticed recently by Nordic authors. 
The fact that almost 70% of the not spayed bitches were in diestrus at time of CDM onset, suggests diestrus as important 
risk factor also, agreeing with the greater amount of females among the cases. Moreover, the percentage of patients with a 
previous history of pancreatitis may refl ect CDM as a pancreatitis consequence in a substantial number of cases. Average 
survival time for this population is in agreement with previous studies that indicate the fi rst treatment months as critical 
to a successful outcome. These descriptive studies with diabetic dogs are rare in Brazil, despite they may help on client´s 
orientation towards CDM protection.

Keywords: dogs, overweight, unbalanced diet, diestrus, pancreatitis, questionnaire.
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INTRODUCTION

Canine diabetes mellitus (CDM) is one of the 
most common endocrinopathies in clinical practice, 
and it can be classifi ed into insulin-defi cient diabetes 
mellitus (IDDM), or insulin-resistant diabetes mellitus 
(IRDM) [4,42]. Although genetics plays a major role 
in the development of CDM [3,20], a broad array of 
environmental risk factors have been associated with 
the disease. Factors such as diestrus or gestation, 
high-calorie diet (abuse of dog treats, unbalanced 
homemade diet, or homemade diet plus commercially 
prepared food), in addition to overweight, have been 
described as risk factors for the development of CDM 
[11,20,40,56], whereas regular and intense physical 
activity has been regarded as a protective factor [30]. 
In humans and felines, genetic and nutritional factors, 
sedentary lifestyle, overweight, chronic use of cortico-
steroids, and chronic infections (e.g., periodontitis) are 
widely known risk factors for IRDM [3,29,30,33,44]. 

The application of questionnaires to owners 
for collection of information about the lifestyle of 
their dogs has been increasingly used [1,18,22,30,38,
40,50,51,56,58,59]. On the other hand, assessing the 
accuracy of tools used in these referenced studies is of 
utmost importance given that data are often subject to 
information biases [7,22,57], especially when evaluat-
ing risk factors in an unknown population.

The aims of this study were to assess the sen-
sitivity and specifi city (accuracy) of a questionnaire 
used to evaluate the exposure of diabetic dogs to risk 
factors and to obtain descriptive data about survival 
and exposure to possible risk and protective factors in 
a population of diabetic dogs. 

MATERIALS AND METHODS

 Questionnaire design

A multiple choice questionnaire containing 
18 questions, based on previously validated ques-
tionnaires, was devised to evaluate different factors 
[11,45,50,51,56]. Despite the multiple choice design, 
all the answers were converted to dummy (dichoto-
mous) variables showing exposure or non-exposure to 
the analyzed factor. The fi rst part of the questionnaire, 
related to nutritional factors, contained four questions 
on: 1) the type of diet (exclusively commercially 
prepared, exclusively homemade, or commercially 
prepared + homemade), 2) frequency of meals a day, 

3) frequency of exposure to pet treats (biscuits, bully 
sticks, rawhide chews, fl at sticks, chocolate for dogs) 
and 4) frequency of exposure to “table scraps” (treats 
given during the owners’ meals like cold cuts, bread, 
meats, fat, chocolate, ice-cream, salty snacks, cookies 
or crackers, popcorn). Those animals fed commercially 
prepared food + homemade food or exclusively home-
made food, those with three or more meals a day and 
those fed treats every day or more than once a day were 
considered to be exposed. 

The second part of the questionnaire, related to 
factors such as physical activity and body condition, 
contained another four questions: 5) level of activity of 
the animal, 6) mean frequency of walks, 7) frequency of 
exposure to intense physical activity (running, walking 
longer than 30 min, following the owner on a bike, agil-
ity training, guard or hunting dog training, games with 
a ball or similar toys for over 20 min) and 8) owner’s 
perception about the dog’s body condition before the 
diagnosis of diabetes (cachectic, thin, ideal weight, 
overweight, or obese). Inactive animals were deemed 
to be exposed, as well as those which were overweight 
or obese. Walking and frequent physical activity are 
considered protective factors, and dogs walked more 
than once weekly and submitted to intense physical 
activity at least once a week were considered to be 
exposed to protective factor.

The third set of four questions assessed factors 
related to oral health, such as: 9) owner’s perception 
about the presence of dental calculus, 10) owner’s per-
ception about the presence of halitosis, 11) how often 
the owner brushed his/her dog’s teeth and 12) how 
often the dog was exposed to dental prophylaxis under 
anesthesia. Patients with halitosis or severe calculi 
(classifi ed as absent, mild, or severe) were considered 
to be exposed. Toothbrushing and dental prophylaxis 
are assumed to be protective factors, and therefore, 
patients whose teeth were brushed at least once a 
month and submitted to at least one prophylaxis under 
general anesthesia in their lifetime are considered to 
be exposed to these protective factors.

The fi nal set of questions assessed factors re-
lated to sexual activity, such as: 13) history of castration 
before the diagnosis of diabetes, 14) frequency of use 
of progestogens, 15) regularity of the estrus cycle and 
16) time elapsed between the last heat and the diagnosis 
of diabetes. Neutered dogs were those castrated before 
the diagnosis. The questions about the estrus cycle 
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were asked only to owners of female dogs, and bitches 
with at least one administration of progestogen before 
the diagnosis were considered to be exposed, whereas 
exposure to irregular estrus cycles was assumed as in-
ability of the owner to predict the patient’s interestrous 
interval due to unsynchronized estrus. Exposure to 
diestrus was assumed as heat within a period of three 
months or less before the diagnosis of DM.

Finally, two more questions were asked: 17) 
about the history of pancreatitis prior to the diagnosis 
of diabetes and 18) about the frequency of exposure 
to exogenous glucocorticoids (given orally, by injec-
tion, intraconjunctivally or by ear drops). Patients with 
history of pancreatitis were deemed to be exposed to 
pancreatitis whereas those with history of frequent 
use of corticosteroids given by any route of adminis-
tration were considered to be exposed to exogenous 
glucocorticoids. Information such as age at diagnosis 
of diabetes, sex, breed, and in the case of death, time 
in months between the diagnosis of diabetes and death, 
was also recorded. 

Patients

The medical records from the Division of 
Endocrinology of the Clinical Veterinary Hospital of 
Universidade Federal do Rio Grande do Sul (UFRGS) 
and from a private clinic of endocrinology in Porto 
Alegre city and metropolitan area were used for the 
selection of patients. Some patients from the Veteri-
nary Hospital of Universidade Federal de Santa Maria 
(UFSM) were also assessed. All owners of diabetic 
dogs which were treated between 2004 and 2011 were 
invited to participate in the study. Diabetic patients with 
hyperadrenocorticism or concomitant hypothyroidism 
were not included in the study. 

Interview process

Dog owners were contacted by e-mail or tele-
phone about the research project and informed that 
they would be contacted by telephone to answer the 
questionnaire. At the time of telephone contact, after 
a brief explanation about the project, the owner was 
asked about its willingness to answer the questionnaire 
and what the best time for that was. In those cases in 
which the owner was not available to answer the ques-
tionnaire during the fi rst telephone contact, another 
date was scheduled for a second contact. All interviews 
were carried out by three fi nal-year undergraduates in 
veterinary medicine. Both the interviewers and dog 

owners were not informed about the hypotheses of the 
research (double-blind approach), but were only told 
that the research was about patient’s lifestyle. Before 
the interviews, the interviewers were taught how to 
conduct the interview, reading out the questions and 
then the multiple-choice answers. Dog owners were 
asked to choose the alternative that best described the 
whole dog’s lifestyle before the diagnosis of diabetes. 
All interviewers were supervised during the fi rst inter-
views and sporadically later on during the subsequent 
ones, which took 5 to 10 min, according to the inter-
viewees’ eloquence. 

Statistical analysis

After the questionnaires were answered, they 
were compared with the medical records of the pa-
tient’s fi rst veterinary visit at CDM diagnosis time. 
The comparison of the answers with the records was 
possible given that anamnesis and physical examina-
tion during the fi rst veterinary visit are standardized 
at these endocrine services, and include the analysis 
of the variables investigated in this study based on 
the information provided by the owner. However, to 
determine exposure to the factor being studied, the 
information on the medical record of each patient 
was used as gold standard; meanwhile questionnaire 
answers were used to evaluate the questionnaire ac-
curacy using the kappa coeffi cient (K) and the SPSS 
10.1 software1. The level of agreement per question 
and the level of agreement per questionnaire were also 
determined. The K intervals were classifi ed according 
to Luiz [34] into poor (0-0.2), fair (0.21-0.4), moder-
ate (0.41-0.6), substantial (0.61-0.8) and almost per-
fect (0.81-1). In addition, sensitivity (true positives) 
and specifi city (true negatives) per question were 
determined with a 95% confi dence interval. A 5% 
signifi cance level was used. Sensitivity was defi ned 
as the percentage of owners, whose positive answer 
to a given aspect of a given question was confi rmed 
by the comparison with the patient’s medical records, 
thus representing the true positives. Specifi city was 
defi ned as the percentage of owners, whose negative 
answer about a given aspect of a given question was 
confi rmed by the comparison with the patient’s medi-
cal records, thus representing the true negatives. The 
Kaplan-Meier estimator [39] was used for the analysis 
of survival rates after the diagnosis, and defi ned with 
the GraphPad Prism 5.0 software2.
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RESULTS

Of a total of 120 diabetic dogs owners invited 
for the study, 110 participated in the research after 
agreement to answer the questionnaire. Of the 10 
owners who did not participate, seven could not be 
contacted (because they changed their phone number 
and/or address) and three decline to participate for 
different reasons. Of the 110 completed question-
naires, 94 could be compared with the records of the 
fi rst veterinary visit. Sixteen questionnaires were not 
used for accuracy analysis either because the records 
of the fi rst veterinary visit could not be found (n = 
7) or because it was incomplete (n = 9). Among the 
participants, 63 patients were from private clinics in 
Porto Alegre and metropolitan area, 41 from UFRGS 
and 6 from UFSM. 

A total of 23 breeds were identifi ed in this 
population (Table 1), but mongrels and poodles were 
the most prevalent ones (58.17% of the total). The 
age mean, mode and also median were 10 ± 2.6 years 
(3 to 15 years). Moreover, of the 110 patients, 81 
were female (74%). At the time of the questionnaire, 
58 patients (53%) had already died, and fi ve of them 
(4.5%) lived only for some days (1 to 5 days) after 
the diagnosis of diabetes, and six (6.6%) lived less 
than one month after the diagnosis (1 to 3 weeks). 
Of the remaining 46 patients who had died before 
the interview process and which had lived for at least 
more than one month after the diagnosis, the mean 
life expectancy was 24.4 months (1 to 120 months), 
with a median of 18 months and a mode of 3 months. 
On the other hand, of the 52 patients which were alive 
at the time of the interview, the mean survival rate 

Table 1. Diabetic dog breeds prevalence in the study.

Breed N (%)

Mongrel 37 33.6

Poodle 27 24.5

Cocker Spaniel 6 5.5

Labrador Retriever 5 4.5

Pinscher, Schnauzer 4 (each) 3.6

Beagle, Dachshund, Fox Terrier, Maltese 3 (each) 2.7

Basset-Hound, Siberian Husky 2 (each) 1.8

Akita, Bichón Frisé, Boxer, Brittany, Chow-Chow, Dalmatian, 
Lhasa Apso, Rottweiller, Shih tzu, Weimaraner, Yorkshire Terrier

1 (each) 0.9

Total 110 100%

from diagnosis to the end of the follow-up period 
(censored) was 31.8 months (11 to 96 months) with a 
median and a mode of 27 months. Figure 1 shows the 
Kaplan-Meier graph with the survival curve of dead 
patients at the time of the interview, and the survival 
estimation curve jointly analyzing the survival of liv-
ing patients at the time of the interview (censored), 
showing an estimate of the median life expectancy of 
1,020 days (50% of living patients after 1,020 days 
from the diagnosis).

With respect to the exposure to the inves-
tigated risk factors, Table 2 shows the percentage 
exposure of patients to each factor. As to the accuracy 
of the questionnaire, Table 3 shows the level of agree-
ment, sensitivity and specifi city with their respective 
95% confi dence intervals, K value and p value for 
each question. The owners were consistent in most 
of their answers, with a mean level of agreement 
per question of 94% (65-100%) and a mean level of 
agreement per questionnaire of 92% (72-100%). The 
K values per question ranged from 0.78 to 1.0 (Figure 
2), which was regarded as good to very good, except 
for questions 8 and 16, which yielded a moderate to 
reasonable K (0.57 and 0.38, respectively), all with 
P < 0.003. The mean sensitivity per question was 88% 
(44-100%), whereas the mean specifi city was 98% 
(93-100%). In those questions with a small number of 
occurrences, broader 95% confi dence intervals were 
obtained for sensitivity and specifi city. To assess the 
internal consistency of the questionnaire, the correla-
tion between the answers to questions 9 and 10 was 
established. These questions were about tartar and 
halitosis, respectively, with a K value of 0.49.



5

                                                                                                           A.G. Pöppl, B. Meyrer, E. Costa, et al. 2013. Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors for Canine 
Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil.                                                                                                                  Acta Scientiae Veterinariae. 41: 1116.

Table 2. Patient exposition frequency to the different proposed risk and protection 
factors evaluated in each question.

Factor in study Exposed/total (%)

1. Not exclusively commercial diet (RF)a 78/110 (70,9)

2. Three or more meals a day (RF)a 44/109 (40,4)

3. Vet treats abuse (RF)a 47/109 (43,1)

4. “Table scraps” abuse (RF)a 58/109 (53,2)

5. Sedentariness (RF)a 42/110 (38,2)

6. Frequent walking outside (PF)b 65/110 (59,1)

7. Frequent intense physical activity (PF)b 34/110 (30,1)

8. Overweight (RF)a 84/110 (76,3)

9. Intense dental calculus (RF)a 23/109 (19,3)

10. Intense halitosis (RF)a 14/109 (12,8)

11. Tooth brushing (PF)b 33/110 (30,0)

12. Dental prophylaxis (PF)b 81/110 (73,6)

13. Castration

Males (RF)a

Females (PF)b

44/110 (40,0)

13/29 (44,8)

31/81 (38,3)

14. Progestogens exposure (RF)a 6/80 (7,5)

15. Irregular estrus cycle (RF)a 10/50c (20)

16. Diestrus (RF)a 34/50c (68,0)

17. Pancreatitis (RF)a 20/110 (18,2)

18. Glucocorticoids (RF)a 8/109 (7,3)
aTheoretical risk factor, bTheoretical protection factor, cIntact females.

Figure 1. Kaplan-Meier curves showing survival data of the dead patients at time the questionnaire was applied, and from all patients 
(dead + censored).
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Figure 2. Kappa values distribution among the questionnary questions.

DISCUSSION

The validity of a questionnaire, often used in 
clinical trials, means correctly measuring what it is 
supposed to. In other words, the effi ciency in obtaining 
correct information about a given subject that allows 
comparing the answers with a gold standard [7]. In this 
respect, determining the accuracy of these tools is crucial 
for the validation of its use as a tool for obtaining data for 
future research (e.g., case control studies), as this type 
of analysis is usually liable to information biases [22]. 

Although the stage that preceded the collec-
tion of information was time-consuming, contacting 
the owners by e-mail to tell them about the research 
project, informing that they would be called up and 
answer a questionnaire, and asking them about the best 
time for application of the questionnaire were assumed 
to be positive, resulting in a high rate of participation 
[45]. The fact that most patients had detailed and 
standardized medical records for their fi rst veterinary 
visit at CDM diagnosis time, allowed the proper com-
parison of questionnaire results with the information 
provided by owners at that past time. The comparison 
of answers with patient diaries previously fi lled out 
by the owners [45,50] was not possible as most cases 
were prevalent, and in incident cases, radical changes 
in the routine were recommended after the diagnosis 
[13]. By assuming the medical record information as 
gold standard for determination of exposure to differ-
ent factors, the recall bias could be averted, as many 
patients had developed diabetes some years before 
the application of the questionnaire. Furthermore, 
this procedure allowed assessing the accuracy of the 
questionnaire [7,57]. 

The breeds most frequently identifi ed in this 
study are the most popular in our region and also the 
most prone to the development of diabetes, especially 
poodles, even though the prevalence rates of canine 
diabetes in different regions is affected by fads and 
local preferences [4,10,14,20,21]. In a previous study 
conducted in the same region, the higher prevalence 
of mongrels and poodles was also observed [40]. The 
higher prevalence of diabetic females is in line with 
previous reports, and so is the mean age at diagnosis 
(around 10 years of age) [4,10,20,40]. Because of that 
and due to the fact that some genetic factors related 
to the development of diabetes in dogs have been 
discovered recently [3], it is extremely recommended 
that future case-control studies be matched by breed, 
sex, and age. 

Studies on survival rates of diabetic dogs are 
scarce, but the fi rst months after diagnosis are the most 
critical to the patients [13], which is evidenced by the 
Kaplan-Meier graph (Figure 1). Of the patients that 
had died before the questionnaire was applied, 15% 
died at least one month after the diagnosis and the 
accumulated death rate reached 38.5% at six months. 
The only study available in the literature on this issue 
[10] reported a mean survival rate of 57 days (95%CI 
27 to 100 days). However, when the patients that did 
not live longer than one day after the diagnosis were 
excluded, the mean was equal to 2 years (95%CI 1.1 
to not estimable), similarly to the one observed in the 
present study (24.4 months). However, these results 
are greatly affected by the age at which the diagnosis 
is made. In our study, age at diagnosis ranged from 3 
to 15 years, and theoretically, a patient diagnosed at 



7

                                                                                                           A.G. Pöppl, B. Meyrer, E. Costa, et al. 2013. Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors for Canine 
Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil.                                                                                                                  Acta Scientiae Veterinariae. 41: 1116.

the age of 3 years has a higher life expectancy than 
one diagnosed at 15 years, regardless of the presence 
of the diabetes factor. 

Diabetes mellitus is a complex disease and it 
is certainly multifactorial [4,13,42,56]. Figure 3 shows 
a hypothetical causal diagram based on the literature 

review on dogs, cats and humans. Interesting fi ndings 
could be described in this case series, such as the high 
exposure of these patients to factors like homemade 
plus commercial dog food, or exclusively homemade 
diet (70.9%), overweight (76.3%), diestrus (68%) and 
pancreatitis (20%) prior to diagnosis.

Figure 3. Hypothetical causal diagram for canine diabetes mellitus pathogenesis regarding risk factors evaluated in this study (yellow 
boxes). Final glycaemia determinants like beta cell function and insulin sensitivity, as well as the factors age, genetics, glycaemia, and 
immunomediated insulitis were not evaluated in this study (blue boxes). Arrowhead: infl uence, blind arrow: blockage, +: positive stimulus, 
-: negative stimulus, ±: positive or negative stimulus in conformity with individual variation. Heavy arrows:  high prevalence in this study.

A diet composed of commercially available 
diet + homemade food, or exclusively homemade food, 
is often associated with a high-calorie diet containing 
carbohydrates and fat [2], predisposing to obesity 
[16]. Exposure to this type of diet was associated with 
lower glucose tolerance secondary to reduction in the 
beta-pancreatic cell activity [26], being also associated 
with larger appetite due to the lower insulin transport 
to the central nervous system [27], which highlights 
unbalanced diet as a risk factor for obesity and diabe-
tes. As to the frequency of meals, several studies have 
demonstrated that two meals a day can be ideal for dogs 
and that three or more meals a day may be associated 
with weight gain and obesity [2,45,50]. The abuse of 
treats or table scraps are also predisposing factors for 

weight gain [2,16,18,22,45], being also implicated as 
risk factors for the development of diabetes [30]. 

In the validation of the questionnaire, the 
questions about these factors, despite good and very 
good K values (Table 3), showed smaller sensitivity 
(questions 1, 3 and 4, about the type of diet and abuse 
of treats). As diabetes is frequently discussed in the 
mass media, some owners might have been evasive in 
their answers (evasive answer bias) as they perceived 
that over-treating their dogs played some role in the 
development of diabetes. Conversely, the lack of agree-
ment detected as to the frequency of meals could result 
from a recall bias, as after the diagnosis diabetic dogs 
must be fed only twice daily in the treatment regimen 
adopted in our setting [13]. 
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Table 3. Percentual of questionnaire agreement, sensibility and specifi city (95% confi dence interval), concordance Kappa value and P value 
for each question.

Question Congruity (%)
Sensibility (%) 

(95% IC)a

Specifi city (%) 

(95% IC)a 
Kappa value

P 

value

1 85.1 90.6 (81.0 – 95.6) 100 (88.6 – 100) 0.86 < 0,001

2 94.7 92.5 (80.1 – 97.4) 98.1 (89.9 – 99.7) 0.91 < 0,001

3 88.2 83.8 (68.9 – 92.3) 94.6 (85.4 – 98.2) 0.79 < 0,001

4 91.4 91.5 (80.1 – 96.6) 100 (92.3 – 100) 0.91 < 0,001

5 94.7 96.8 (84.7 – 99.5) 93.4 (84.3 – 97.4) 0.87 < 0,001

6 98.9 100 (93.7 – 100) 100 (90.6 – 100) 1 < 0,001

7 97.9 94.1 (80.9 – 98.4) 98.3 (91.1 – 99.7) 0.93 < 0,001

8 78.7 73.9 (62.5 – 82.8) 96.0 (80.5 – 99.3) 0.57 < 0,001

9 88.3 87.5 (69.0 – 95.7) 95.7 (88 – 98.5) 0.83 < 0,001

10 100 100 (79.6 – 100) 100 (95.3 – 100) 1 < 0,001

11 100 100 (79.6 – 100) 100 (95.2 – 100) 1 < 0,001

12 98.9 96.9 (84.3 – 99.4) 100 (94.2 – 100) 0.98 < 0,001

13 97.9 100 (91.4 – 100) 98.1 (89.9 – 99.7) 0.98 < 0,001

14 98.5 75.0 (30.1 – 95.4) 100 (94.3 – 100) 0.85 < 0,001

15 94.2 83.3 (43.6 – 97.0) 98.3 (91.1 – 99.7) 0.82 < 0,001

16 64.6 44.0 (27.6 – 62.7) 92.9 (77.4 – 98.0) 0.38    0,001

17 94.2 72.2 (49.1 – 87.5) 100 (94.7 – 100) 0.8 < 0,001

18 93.2 66.7 (35.4 – 87.9) 100 (95.4 – 100) 0.78 < 0,001

Mean 92.2 86.1 98.1 0.85

Minimun 64.6 44.4 92.9 0.38

Maximum 100 100 100 1
a 95% confi dence interval.

Canine obesity is associated with different fac-
tors such as genetics (small and medium-sized breeds 
are more vulnerable), reproductive management (predis-
position to weight gain after castration) and nutritional 
and physical management through the positive balance 
between calorie intake and energy expenditure [2,16]. 
The association between high body condition scores 
(overweight/obesity) in adult life and the development of 
diabetes has been documented in dogs for over 50 years 
[30,32,40,56]. Nevertheless, although it is an important 
factor involved in the pathogenesis of type II diabetes in 
humans and in felines, no study has demonstrated how 
obesity can cause diabetes in dogs [42]. 

Studies have shown over the years that obese 
dogs have insulin resistance associated with a lower 
beta cell response, leading to lower glucose tolerance 
[17,36,42]. Besides, the higher secretion of infl amma-
tory adipokines and smaller secretion of adiponectin 
(an insulin-sensitizing adipokine) by adipocytes in 

response to overweight justify insulin resistance in 
obesity [6,17,28]. Dogs exposed to chronic hyper-
glycemia can have beta cell depletion (glucotoxicity) 
and develop IDDM, and this could be a mechanism 
whereby diabetes develops in insulin-resistant dogs 
[23]. However, there is no difference between obese 
and lean dogs concerning basal glucose levels [12,55]. 
Nevertheless, Verkest et al. [55] conclude that canine 
pancreatic beta cells are either not sensitive to toxic-
ity because of mild hyperglycemia, or lack another 
component of the pathophysiology of beta cell failure 
in type II diabetes due to demonstration that obese 
dogs had fasting insulin sensitivity fi vefold lower than 
lean dogs, whereas fasting beta cell function was 2.5 
greater in obese than in lean dogs, associated with 
greater postprandial insulin, glucose and triglyceride 
concentration in the obese ones. In the light of this, 
feeding an obese dog many times a day may be more 
glucotoxic and lipotoxic to beta cells.
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Question 8, which assessed the presence of 
overweight before diagnosis, yielded the second worst 
K values and sensitivity (Table 3), probably due to the 
recall and confounding biases. Diabetic status causes 
emaciation and many patients at diagnosis no longer 
present with overweight [13]. In addition, dog owners 
have diffi culty assessing the body condition of their 
pets [22,58] and a diagram with body score pictures 
facilitates the classifi cation by the owners [2]. Medical 
records of the prevalence of obesity prior to diagno-
sis in more than 75% of the patients underscore that 
overweight may be an important risk factor for CDM.  

Lack of physical exercise has been confi rmed 
as an important predisposing factor for overweight 
[2,16,50,51]. Notwithstanding, the level of activity 
was not considered to  be a risk factor for diabetes, but 
intense regular physical activity has been regarded as 
a protective factor [30]. Actually, sedentary dogs and 
cats have insulin resistance [42] and exercise practice 
improves insulin sensitivity, reduces blood glucose 
levels and helps prevent overweight [5,16,31]. In 
comparison with the patients’ medical records, the 
questionnaire had good sensitivity and specifi city in 
questions 5 to 7 about the level of activity (Table 3). 
Even those cases in which the patient was not so active 
at  the time of the interview as he/she was before the 
diagnosis, due to the development of cataracts and to 
aging, this change in profi le is clearly stated by own-
ers as occurring after the diagnosis of diabetes, thus 
minimizing a possible recall bias. 

The association between oral diseases and dia-
betes has been widely known and described in humans 
as a two-way street [52]. Periodontitis can stimulate 
insulin resistance through different mechanisms by 
the larger serum concentration of infl ammatory inter-
leukins (TNF-α, IL-1, IL-6) [19,29,53]. On the other 
hand, diabetic status favors the overt progression of 
periodontal disease by inhibiting the immune system 
at certain levels [29,44,48,49]. Even though peri-
odontitis has already been defi ned as a risk factor for 
diabetes in cats [33], studies correlating periodontitis 
with diabetes in dogs are restricted to case reports of 
periodontal disease hindering the treatment of diabetic 
dogs [41,54] or studies in the 1970s on enzyme and 
infl ammatory activity in the gums of diabetic dogs with 
periodontitis [24,35]. 

In the questionnaire, questions 9 to 12, about 
oral health, showed good overall accuracy (Table 3), 

as regular toothbrushing or dental prophylaxis under 
anesthesia are remarkable events for the owners and 
easy to confi rm clinically by physical examination 
and analysis of patient records. The assessment of the 
presence of severe tartar and halitosis (classifi ed as 
absent, mild, or severe) aimed to evaluate indirectly the 
presence of periodontitis, disease known to be the most 
prevalent among small animals, affecting over 80% of 
dogs older than 2 years [37], even though the assess-
ment is subjective and subject to information bias. 

Castration of males was identifi ed as a risk 
factor for the development of diabetes (odds ratio 1.99 
with 95%CI 1.68-2.17) as it predisposes to obesity, 
factor that is not observed in females (odds ratio 0.99 
with 95%CI 0.89-1.12) by Guptill et al. [20]. Quite 
on the contrary, in females, spaying is regarded as a 
protective factor. The higher incidence of diabetes in 
females only occurs where elective spaying is not a 
common practice, such as in Brazil. In countries such 
as the United Kingdom, where females are often spayed 
at a young age, the incidence of diabetes is similar 
between males and females [4]. The reason for that is 
the eminent production of growth hormone (GH) by 
the mammary gland during diestrus, gestation or in 
response to the administration of exogenous proges-
togens [9,47]. In addition to the infl uence of proges-
terone on the binding of insulin to its receptor, and to 
the reduced phosphorylation of the insulin receptor in 
response to progesterone [43], GH causes insulin re-
sistance through multiple mechanisms in the crosstalk 
between the intracellular communication pathways of 
GH and of insulin signaling [8]. Question 13, closed 
and dichotomous, for the detection of exposure or not 
to castration before the diagnosis of diabetes revealed 
excellent questionnaire accuracy (Table 3).

With respect to diestrus, this association was 
confi rmed in 34 of 50 patients which had not been 
spayed before the diagnosis. Unanswered questions 
(10) and those in which no agreement was achieved 
demonstrate recall and information biases, as this is a 
specifi c aspect that is hardly recognized and not prop-
erly recorded by owners, yielding a reasonable K value, 
with poor sensitivity when applied to prevalent cases. 
This high incidence of diabetes during diestrus (68%) 
is in line with previous studies which demonstrated 
insulin resistance during diestrus [9,15,46,47] or higher 
incidence of diabetes during this phase of the estrous 
cycle [11,40]. The effect of diestrus on insulin sensi-
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tivity is so pronounced that in Elkhound dogs CDM 
occurs almost exclusively in females during diestrus 
or in pregnant dogs [11], and obesity is an important 
risk factor in these animals, with an odds ratio of 2.8 
with 95%CI 1.1 - 7.5 [56]. 

Although at least approximately 50% of 
diabetic dogs have autoantibodies against the islets of 
Langerhans and beta cells (immune-mediated insulitis), 
pancreatitis is assumed as a cause of IDDM in about 
28% of diabetic dogs due to extensive pancreatic le-
sion secondary to chronic pancreatitis [42], a rate that 
is similar to that of the previous history of pancreatitis 
observed in this study (20%). While pancreatitis is 
a remarkable event in the life of a dog, the question 
about this risk factor was subject to recall bias, shown 
by its poor sensitivity (Table 3), but with a good K 
value. Hypertriglyceridemia is considered to be a risk 
factor for the development of pancreatitis, and calorie-
rich foods, overweight/obesity and diabetic status can 
cause hypertriglyceridemia, which reinforces these 
interactions in the pathogenesis of canine diabetes 
[13,42]. The chronic use of corticosteroids potentially 
induces hypertriglyceridemia and peripheral resistance 
to insulin, and therefore, endogenous hypercortisolism 
(Cushing’s syndrome, active corticoadrenal tumor) is 
an important risk factor for the development of canine 
diabetes [10]. Quite often, permanent IDDM is ob-
served in patients on exogenous glucocorticoids, which 
makes one suspect that glucocorticoid therapy may 
have been the fi nal triggering factor of diabetic status 
in patients predisposed for other reasons [13,25]. How-
ever, this was less frequent in the present study. The 
question that assessed exposure to glucocorticoids was 
subject to recall and information biases, shown by poor 
sensitivity, as owners cannot remember whether their 

dogs were medicated in the past for some condition or 
do not know whether a glucocorticoid has been used. 

CONCLUSIONS

By this study, CDM may have several impor-
tant environmental triggering factors such as feeding 
commercial plus homemade, or exclusively homemade 
food, treats abuse, overweight and diestrus, and has a 
considerable morbidity rate and high mortality. The 
assessment of the questionnaire as a tool to evaluate 
the exposure of patients to risk or protective factors 
for the development of diabetes has proved useful 
and accurate, but when interpreting the results, it is 
important to consider that overweight and diestrus are 
more susceptible to recall and confounding biases, if 
applied to prevalent cases. That is important in future 
studies evaluating non diabetic dogs in order to defi ne 
risk rates associated with the variables studied here. 

SOURCES AND MANUFACTURERS
1IBM, Armonk, USA.
2GraphPad, La Jolla, USA.

Funding. This work was funded by CNPq.

Acknowledgements. The Author is thankful to CNPq (Brazil-
ian National Research Council) for fi nancial support during 
this research. 

Ethical approval. This study was approved by the Veterinary 
Research Committee (COMPESQ-VET) of the School of Vet-
erinary Medicine of Universidade Federal do Rio Grande do 
Sul (UFRGS), and by the Ethics Committee on Animal Use in 
Research of UFRGS - protocol 18336.

Declaration of interest. None of the authors of this paper 
has a fi nancial or personal relationship with other people or 
organizations that could inappropriately infl uence or bias the 
content of the paper.

REFERENCES

1  Aptekmann K.P. & Schwartz D.S. 2011. A survey of owners attitudes and experiences in managing diabetic dogs. 
The Veterinary Journal. 190(2): 122-124.

2  Bland I.M., Guthrie-Jones A. & Hill T.J. 2009. Dog obesity: owner attitudes and behavior. Preventive Veterinary 
Medicine. 92(4): 333-340. 

3  Catchpole B., Kennedy L.J., Davison L.J. & Ollier W.E.R. 2008. Canine diabetes mellitus: from phenotype to 
genotype. Journal of Small Animal Practice. 49(1): 4-10. 

4  Catchpole B., Ristic J.M., Fleeman L.M. & Davison L.J. 2005. Canine diabetes mellitus: can old dogs teach us new 
tricks? Diabetologia. 48(10): 1948-1956.

5  Chibalin A.V., Yu M., Ryder J.W., Song X.M., Galuska D., Krook A., Wallberg-Henriksson H. & Zierath J.R. 2000. 
Exercise-induced changes in expression and activity of proteins involved in insulin signal transduction in skeletal 
muscle: differential effects on insulin-receptor substrates 1 and 2. Proceedings of the National Academy of Sciences 
(PNAS) from United States of America. 97(1): 38-43.



11

                                                                                                           A.G. Pöppl, B. Meyrer, E. Costa, et al. 2013. Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors for Canine 
Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil.                                                                                                                  Acta Scientiae Veterinariae. 41: 1116.

6  Costa J.V. & Duarte J.S. 2006. Tecido adiposo e adipocitocinas. Acta Medica Portuguesa. 19(3): 251-256.
7  Del Greco L., Walop W., McCarthy R.H. 1987. Questionnaire development: 2. Validity and reliability. Canadian 

Medical Association Journal. 136(7): 699-700.
8  Dominici F.P., Argentino D.P., Muñoz M.C., Miquet J.G., Sotelo A.I. & Turyn D. 2005. Infl uence of the crosstalk 

between growth hormone and insulin signalling on the modulation of insulin sensitivity. Growth Hormone & IGF 
Research. 15(5): 324-336.

9  Eingenmann J.E., Eingenmann R.Y., Rijinberk A., Gaag I., Zapf J. & Froesch E.R. 1983. Progesterone-controlled 
growth hormone overproduction and naturally occurring canine diabetes and acromegaly. Acta Endocrinologica. 
104(2): 167-176.

10  Fall T., Hamlin H.H., Hedhammar A., Kämpe O. & Egenwall A. 2007. Diabetes mellitus in a population of 180,000 
insured dogs: incidence, survival, and breed distribution. Journal of Veterinary Internal Medicine. 21(6): 1209-1216.

11  Fall T., Hedhammar A., Wallberg A., Fall N., Ahlgren K.M., Hamlin H.H., Lindblad-Toh K., Andersson G. & 
Kämpe O. 2010. Diabetes Mellitus in Elkhounds is associated with diestrus and pregnancy. Journal of Veterinary 
Internal Medicine. 24(6): 1322-1328. 

12  Farias P.F., Araújo D.F. & Soto-Blanco B. 2005. Glicemia em cães obesos e senis. Acta Scientiae Veterinariae. 33(1): 
47-50.

13  Feldman E.C. & Nelson R.W. 2004. Canine and Feline Endocrinology and Reproduction. 3rd edn. Missouri: Saunders, 
1089p.

14  Fracassi F., Pietra M., Boari A., Aste G., Giunti M. & Famigli-Bergamini P. 2004. Breed distribution of canine 
diabetes mellitus in Italy. Veterinary Research Communications. 28(Suppl 1): 339-342.

15  Fukuta H., Mori A., Urumuhan N., Lee P., Oda H., Saeki K., Kurushima M., Nozawa S., Mizutani H., Mishina 
S., Arai T. & Sako T. 2012. Characterization of insulin resistance induced by Cushing syndrome or diestrus against 
healthy control dogs as determined by euglycemic-hyperinsulinemic glucose clamp profi le glucose infusion rate using 
an artifi cial pancreas apparatus. The Journal of Veterinary Medical Science. [in press].

16  German A.J. 2006. The growing problem of obesity in dogs and cats. Journal of Nutrition. 136(Suppl 1): 140-146.
17  German A.J., Hervera M., Hunter L., Holden S.L., Morris P.J., Biourge V. & Trayhurn P. 2009. Improvement in 

insulin resistance and reduction in plasma infl ammatory adipokines after weight loss in obese dogs. Domestic Animal 
Endocrinology. 37(4): 214-226.

18  German A.J., Holden S.L., Gernon L.J., Morris P.J. & Biourge V. 2011. Do feeding practices of obese dogs, before 
weight loss, affect the success of weight management? British Journal of Nutrition. 106(Suppl 1): S97-S100.

19  Grimble R.F. 2002. Infl ammatory status and insulin resistance. Current Opinion in Clinical Nutrition and Metabolism 
Care. 5(5): 551-559.

20  Guptill L., Glickman L. & Glickman N. 2003. Time trends and risk factors for diabetes mellitus in dogs: analysis of 
veterinary medical data base records. The Veterinary Journal. 165(3): 240-247.

21  Hoenig M. 2002. Comparative aspects of diabetes mellitus in dogs and cats. Molecular and Cellular Endocrinology. 
197(2): 221-229.

22  Heuberger R. & Wakshlag J. 2011. The relationship of feeding patterns and obesity in dogs. Journal of Animal 
Physiology and Animal Nutrition. 95(1): 98-105.

23  Imamura T., Koffl er M., Helderman J.H., Prince D., Thirlby R., Inman L. & Unger R.H. 1988. Severe diabetes 
induced in sub totally depancreatized dogs by sustained hyperglycemia. Diabetes. 37(5): 600-609.

24  Inozheb B. & Anserob E.M. 1973. Activity of some enzymes in the gingiva of dogs with alloxan diabetes. 
Stomatologiia (Sofi ia). 55(1): 7-11. 

25  Jeffers J.G., Shanley K.J. & Schinck R.O. 1991. Diabetes mellitus induced in a dog after administration of corticos-
teroid and methylprednisolone pulse therapy. Journal of the American Veterinary Medical Association. 199(1): 77-80.

26  Kaiyala K.J., Prigeon R.L., Kahn S.E., Woods S.C., Porte T. & Schwartez M.W. 1999. Reduced β-cell function 
contributes to impaired glucose tolerance in dogs made obese with a high-fat feeding. American Journal of Physiology. 
277(4): E659-E667.

27  Kaiyala K.J., Prigeon R.L., Kahn S.E., Woods S.C. & Schwartez M.V. 2000. Obesity induced by a high-fat diet is 
associated with reduced brain insulin transport in dogs. Diabetes. 49(9): 1525-1533.

28  Kil D.Y. & Swanson K.S. 2010. Endocrinology of obesity. Veterinary Clinics of North America Small Animal Practice. 
40(2): 205-219. 



12

                                                                                                           A.G. Pöppl, B. Meyrer, E. Costa, et al. 2013. Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors for Canine 
Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil.                                                                                                                  Acta Scientiae Veterinariae. 41: 1116.

29  King G.L. 2008. The role of infl ammatory cytokines in diabetes and its complications. Journal of Periodontology. 
79(8): 1527-1534.

30  Klinkenberg H., Sallander M.H. & Hedhammar A. 2006. Feeding, exercise and weight identifi ed as risk factors in 
canine diabetes mellitus. Journal of Nutrition. 136(Suppl 1): 1985-1987.

31  Koivisto V., Soman V., Nadel E., Tamborlane W.V. & Felig P. 1980. Exercise and Insulin: insulin binding, insulin 
mobilization, and counter regulatory hormone secretion. Federation Proceedings. 39(5): 1481-1486.

32  Krook L., Larsson S. & Rooney J.R. 1960. The interrelationship of diabetes mellitus, obesity and pyometra in the 
dog. American Journal of Veterinary Research. 21(1): 120-127.

33  Lederer R., Rand J.S., Hughes I. & Fleeman L.M. 2003. Chronic or recurring medical problems, dental disease, 
repeated corticosteroid treatment, and lower physical activity are associated with diabetes mellitus in Burmese cats. 
In: 21st Annual ACVIM Forum I (Charlotte,USA). Journal of Veterinary Internal Medicine. 17(4): 433-433.

34  Luiz R.R. 2009. Métodos estatísticos em estudos de concordância. In: Medronho R.A., Bloch K.V., Luiz R.R. & 
Werneck G.L. (Eds). Epidemiologia. 2.ed. São Paulo: Atheneu, pp.343-369.

35  Matsson L., Attstrom R. & Granath L. 1980. Infl ammatory reactions in the gingival region during the development 
of bacterial plaque in alloxan-diabetic dogs. Journal of Periodontal Research. 15(5): 516-524.

36  Mattheeuws D., Rottiers M.D., Kaneko J.J. & Vermeulen M.D. 1984. Diabetes mellitus in dogs: relationship of 
obesity to glucose tolerance and insulin response. American Journal of Veterinary Research. 45(1): 98-103. 

37  Niemiec B.A. 2008. Periodontal disease. Topics in Companion Animal Medicine. 23(1): 72-80.
38  Niessen S.J.M., Powney J., Niessen A.P.M., Pion P.D., Shaw J.A.M. & Church D.B. 2012. Evaluation of a quality-

of-life tool for dogs with diabetes mellitus. Journal of Veterinary Internal Medicine. 26(4): 953-961.
39  Pereira B.B. & Louzada-Neto F. 2009. Análise de sobrevida. In: Medronho R.A., Bloch K.V., Luiz R.R. & Werneck 

G.L. (Eds). Epidemiologia. 2.ed. São Paulo: Atheneu, pp.485-492.
40  Pöppl A.G. & González F.H.D. 2005. Aspectos epidemiológicos e clínico-laboratoriais da diabetes mellitus em cães. 

Acta Scientiae Veterinariae. 33(1): 33-40.
41  Pöppl A.G., Müller F., Queiroga L. & Oliveira I. 2009. Insulin resistance due to periodontal disease in an old diabetic 

female poodle. In: 34th WSAVA Congress (São Paulo, Brasil). Clínica Veterinária. Ano XIV(Suppl): 116.
42  Rand J.S., Fleeman L.M., Farrow H.A., Appleton D.J. & Lederer R. 2004. Canine and feline diabetes mellitus: 

nature or nurture? Journal of Nutrition. 134(Suppl 1): 2072-2080. 
43  Ryan E.A. & Enns L. 1988. Role of gestational hormones in the induction of insulin resistance. Journal of Clinical 

Endocrinology and Metabolism. 67(2): 341-347.
44  Ryan M.E., Carnu O. & Kamer A. 2003. The infl uence of diabetes on the periodontal tissues. Journal of American 

Dental Association. 134(Suppl 1): 34S-40S. 
45  Sallander M.H., Hedhammar A., Rundgren M. & Lindberg J.E. 2001. Repeatability and validity of a combined 

mail and telephone questionnaire on demographics, diet, exercise and heath status in an insured-dog population. 
Preventive Veterinary Medicine. 50(1): 35-51. 

46  Scaramal J.D., Renauld A., Gomez N.V., Garrido D., Wanke M.M. & Marquez A.G. 1997. Natural estrous cycle 
in normal and diabetic bitches in relation to glucose and insulin tests. Medicina (Buenos Aires). 57(2): 169-180.

47  Selman P.J., Mol J.A., Rutteman G.R. & Rijnberk A. 1994. Progestin treatment in the dog I. Effects on growth 
hormone, insulin-like growth factor I and glucose homeostasis. European Journal of Endocrinology. 131(4): 413-421.

48  Ship J.A. 2003. Diabetes and oral health. Journal of the American Dental Association. 134(Suppl 1): 4S-10S.
49  Skamagas M., Breen T.L. & LeRoith D. 2008. Update on diabetes mellitus: prevention, treatment, and association 

with oral diseases. Oral Diseases. 14(2): 105-114. 
50  Slater M.R., Robison L.E., Zoran D.L., Wallace K.A. & Scarlett J.M. 1995. Diet and exercise patterns in pet dogs. 

Journal of the American Veterinary Medical Association. 207(2): 186-190.
51 Slater M.R., Scarlett J.M., Donoghue S. & Erb H.N. 2001. The repeatability and validity of a telephone question-

naire on diet and exercise in dogs. Preventive Veterinary Medicine. 13(2): 77-91.
52  Taylor G.W. 2003. The effects of periodontal treatment on diabetes. Journal of the American Dental Association. 

134(Suppl 1): 41S-48S.
53  Tilg H. & Moschen A.R. 2008. Infl ammatory mechanisms in the regulation of insulin resistance. Molecular Medicine. 

14(3-4): 222-231. 



13

                                                                                                           A.G. Pöppl, B. Meyrer, E. Costa, et al. 2013. Analytical Accuracy of the Owner´s Perception about Exposition to Risk Factors for Canine 
Diabetes Mellitus, and Survival after its Diagnosis at Southern Brazil.                                                                                                                  Acta Scientiae Veterinariae. 41: 1116.

www.ufrgs.br/actavet
1116

54  Van Nice E. 2006. Management of multiple dental infections in a dog with diabetes mellitus. Journal of Veterinary 
Dentistry. 23(1): 18-25.

55  Verkest K.R., Rand J.S., Fleeman L.M. & Morton J.M. 2012. Spontaneously obese dogs exhibit greater postprandial 
glucose, triglyceride, and insulin concentration than lean dogs. Domestic Animal Endocrinology. 42(2): 103-112.

56  Wejdmark A.K., Bonnet B., Hedhammar A. & Fall T. 2011. Lifestyle risk factors for progesterone-related diabetes 
mellitus in Elkhounds - a case-control study. Journal of Small Animal Practice. 52(5): 240-245.

57  Werneck G.L. & Almeida L.M. 2009. Validade em estudos epidemiológicos. In: Medronho R.A., Bloch K.V., Luiz 
R.R. & Werneck G.L. (Eds). Epidemiologia. 2.ed. São Paulo, Atheneu, pp.275-288.

58  White, G.A., Hobson-West, P., Cobb, K., Graigon, J., Hammond, R. & Millar, K.M. 2011. Canine Obesity: is 
there a difference between veterinarian and owner perception? Journal of Small Animal Practice. 52(12): 622-626.

59  Yazbek K.V.B. & Fantoni D.T. 2005. Validity of a health-related quality-of-life scale for dogs with pain secondary to 
cancer. Journal of the American Veterinary Medical Association. 226(8): 1354-1358.


