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Abstract  

Human obesity prevalence has tripled in many countries of the European region since 

the 1980s, and the numbers of those affected continue to rise at an alarming rate. Once 

humans and pets share lifestyle, with studies reporting a positive relationship between 

owner and pet obesity, obesity should also be considered in the context of the One 

Health approach. The main objectives of this study were to evaluate obesity prevalence 

among owners and their pets in Portugal, and to identify possible relationship between 

them, and its main risk factors. This work was included in a multi-country cross-

sectional questionnaire-based study targeted to owners of at least one dog. The results 

obtained to Portugal showed that men over 55 years, without any regular physical 

activity were more prone to be obese. In dogs, the higher probability of being obese was 

related to being neutered, to get sick easily, not doing regular exercise, not having a 

daily intake based on commercial recommendations and not doing physical activity 

alone or with its owner. No positive association between dogs‟ and owners‟ obesity was 

found. All of the obesity risks factors considered in our final model, for both dogs and 

their owners, have been stated by several authors with similar results in a One Health 

approach. However, concerning obesity relationship between dogs and owners, the type 

of population studied, which was mainly from regions with rural characteristics may 

partly explain it. Moreover, results derive mainly from an on-line survey, which have 

some limitations and extension of this study, based on interviews, may be performed to 

increase the representativeness of the results. 
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1. Introduction 

Over the last decade, there has been a growing awareness for collaboration between 

human and veterinary knowledge focused on comparative studies and human-animal 

bond. Initially, efforts were based on preventing the spread of disease from farm and 

wild animals into human populations (1). More recently, the spread of zoonotic diseases 

from dogs, cats and other pet animals to humans started to be considered (1). Even so, 

it‟s well known that there are several benefits to human health and wellbeing from 

association with pets (2).  

According to Day (2010) (2), probably the most important health issue of humans and 

pets, in Western countries, is the shared epidemic of obesity that is often directly related 

to aspects of this shared lifestyle (2). Taking into account human obesity, probably this 

affirmation can be extended to Europe, as well, since its prevalence has tripled in many 

countries of the World Health Organization (WHO) European Region since the 1980s 

and the numbers of those affected continue to rise at an alarming rate 

(www.euro.who.int/ acceded in July, 22, 2018). Portugal did officially recognised 

obesity as a chronic disease in 2004, but remains the only country in Europe to do so 

(3).  

The One Health concept recognizes that the health of people is connected to the health 

of animals and to the environment. Concerning obesity, a two-way engagement should 

be consider: not only the study of the effects of overweight in dogs can contribute to 

understanding human health but also to consider how human obesity origin may help to 

comprehend weight problems in these animals (1). In fact, obesity is a multifactorial 

problem, and some of the “risk factors” may be similar between humans and pets, such 

as: iatrogenic factors, endocrine diseases, age, genetics, gender (sex status), dietary 

factors and lifestyle (1,4,5). Besides these, owner characteristics and behaviours were 

suggested to influence pet obesity, as well. Obesity, in both companion animals and 

humans, is a result of excess of energy input (intake) over energy expenditure (6). The 

owner is considered as being responsible for dog‟s obesity, at some extent, once he has 

control over food selection, feed management and exercise regime, among others 

factors. 

Obesity both in humans and dogs increases the risk of endocrine, orthopaedic, 

dermatological, respiratory and cardiovascular diseases, several types of cancer, 

hyperlipidaemia, infertility, among others (7,8). These conditions shorten expected 

lifespan and reduce health-related quality of life. In Portugal, a country with an 

http://www.euro.who.int/
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increasing prevalence of obesity in humans (9), the prevalence of pet obesity is not well 

known, neither the major factors contributing to it. 

Body Mass Index (BMI), based on individual‟s weight and height, is widely used as a 

practical method of assessment human‟s body condition (underweight, normal weight 

and pre-obese/obese). In dogs, the Body Condition Scores (BCSs) developed for them, 

are widely used as the morphometric methods for assessing their relative body condition 

using a 5-point scale (8). The BCSs include 5 categories, ranging from „emaciated‟ to 

„severely obese‟, based on subjective assessment of specific features. These measures 

correlate well with more advanced measurements of the amount of body fat (8). Another 

index, used to evaluate dog obesity is Body Fat Index (BFI), which is assessed through 

evaluations and descriptions of various aspects or regions of dog‟s body (body shape as 

viewed from the side, above and from behind and also prominence, ease of palpation, 

and fat covering of the ribs and of the tail base) creating BFI scores (26 to 35%, BFI 30; 

36 to 45%, BFI 40; 46 to 55%, BFI 50; 56 to 65%, BFI 60), with good correlation 

results according to DEXA-measured body fat percentage (10). Considering BFI values 

ranging from 15 to 30 per cent are considered by several authors as being the „optimal‟ 

per cent body fat in dogs (11,12).  

An association between dogs and owners obesity has been reported by several authors 

(2,13–15). To the author`s knowledge, in Portugal, there is no data about the 

relationship between obesity in the canine owners population and their pets.  

The objectives of this study were to evaluate the current obesity prevalence among 

owners and their pets in Portugal, and to identify possible relationship between them, as 

well as the main factors affecting dog and/or owner obesity, namely social, 

environmental, economic, and nutritional and lifestyle. Complementary, the perceptions 

of the owners about obesity and risk factors were assessed, as well as their perception 

about possible solutions to stop obesity increase. 

 

2. Materials and methods 

This work was included in a multi-country (11 European countries) cross-sectional 

questionnaire-based study targeted to owners of at least one dog (16). The inclusion 

criteria included being adult (≥18 years) and hang out with at least one dog. 

The study was approved by the Ethical committee of the University of Murcia, Spain 

(1374/2016) which was the responsible Institute. 
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2.1. Questionnaire design  

The questionnaires focussed four key issues: owner‟s data (including height and weight, 

food habits and life style), dog´s data (including body condition and management), 

owner-pet relationship and obesity background (Supplementary material 1). The 

questionnaire included 25 closed-ended and 5 opened-ended questions related to owners 

and 17 closed-ended and 5 opened-ended questions related to dog´s data. Concerning to 

the two last issues of the questionnaire, human-animal bond and obesity background, 

the questionnaire included 10 closed-ended and 2 opened-ended questions and 2 closed-

ended and 3 opened-ended questions, respectively. The last three closed-ended 

questions were related to the level of satisfaction for filling out this questionnaire and 

the first ones were related to owner and dog demographics and how the owner got the 

knowledge of questionnaire existence. The main questions were related to the feeding, 

exercising, weight monitoring routines of the dog and owner‟s habits and attitudes 

towards feeding and physical activity. Owners were asked to assess the body condition 

score (BCS) of their dog using a five-point scale charts (underweight to obese, 1-5) and 

to assess the body fat by using a body fat index (BFI) charts (normal to severely obese, 

20% - 70% fat content) (17).  

2.2. Questionnaire distribution 

Recruitment of dog owners was conducted via questionnaires distribution through dog 

veterinary clinics and Hospital Universities, and online. The study was conducted over a 

4-month period (January to May 2017).  

2.3. Statistical analysis 

A quantitative and qualitative analysis of questionnaire responses was used not only to 

determine the routine care and human and dog obesity background but also to determine 

the owner‟s life style, health conditions and feeding habits. 

Owners were grouped into 3 groups according their BMI – underweight (BMI ≤ 18), 

normal weight (18 < BMI > 25), and overweight/obese (BMI ≥ 25), and dogs were 

grouped according to BCS to lean (BCS, 1 and 2), normal weight (BCS, 3), and 

overweight (BCS, 4 and 5), and according to BFI to normal weight (BFI, 20-30%) and 

obese (BFI, >30%). However, in order to evaluate the risk factors related/triggering to 

dog‟s obesity, dogs were grouped into non-obese (BCS, 1, 2 and 3) and obese (BCS, 4 

and 5).  

Descriptive statistical analysis included the calculation of means and standard 

deviations (SDs) of continuous variables and the proportion of observations in each 
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level of categorical variables. Three multivariable logistic regression models were used 

to determine risk factors associated with BMI of owners, and BCS and BFI of pets, but 

firstly cross tabs analysis were performed. To identify the factors that increase the 

likelihood of a dog or its owner be obese, logistic regression models were fitted (18). In 

order to fit the model, the following strategy was followed, as recommended by Hosmer 

et al., (18) but with adaptations given the number of events: a) for the initial model, all 

the variables that were found to be significant in the univariate phase (p<0,10) were 

selected; b) from this model were eliminated successively, and in descending order of p 

values, all non-significant variables (p>0,05); c) it was verified if any of the variables 

that were not included in the initial model are shown to be significant in the presence of 

those in the model, in which case they were added to the model; d) the interactions that 

made sense in the context of the study were tested (p<0,05); e) a residual analysis was 

done by covariate patterns to search for influential observations or outliers.  

The significance of variables and interactions was tested using the likelihood ratio test. 

When each variable was excluded, it was observed the impact it had on the estimates of 

the remaining coefficients. The goodness of fit was done using Hosmer's and 

Lemeshow's goodness-of-fit test and Cessie Van Houwellingengof test, and the 

discriminative ability of the models was evaluated by the area under the ROC curve 

(AUC). 

Statistical significance was considered for p<0.05. All statistical analysis procedures 

were achieved using the SPSS 23.0 software package (SPSS Inc., Chicago, USA). 

In order to process responses related to the obesity background, a qualitative analysis 

was performed referring the three most often indicated reasons for increasing obesity 

rates, three recommendations to stop this increase, and the main thoughts of the actors 

about collaboration of human and veterinary healthcare professionals to combat obesity 

in both human and dog populations. 

 

3. Results  

3.1. Descriptive analysis 

3.1.1. Response rates 

A total of 324 surveys were received, among which 308 (95%) were from online 

distribution (Supplementary material 1). Out of those, 312 surveys were eligible for 

inclusion, with 12 being excluded because: a) the respondent‟s age information was 
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missing (n=1); b) existence of duplicated responses due to informatics errors (n=10); or 

c) incomplete responses (n=1). 

According to answers, a large proportion of participants became aware of the study 

through social media (30.6%) and by the disseminating activities of the researchers 

involved in the study (26.5%). The rest of the responses were obtained through sharing 

among friends, family members or colleagues (24.9%), other ways (11.9%), and 

collaborations with or through veterinary clinics and school training (6%). 

3.1.2. Weight group distributions 

Among the respondents, BMI (calculations from self-reported weight and height data) 

indicated that 3.2% of the owners were underweight, 74.9% were normal weight, and 

21.8% were overweight/obese. In dogs, according to the BCS assessed by the owners, 

the proportion of overweight/obesity (BCS>3) was 30.9%, while according to the BFI 

chart the proportion of overweight/obesity (>30%) was only 24.8%. Overweight/obese 

dogs (BCS>3; BFI>30) were associated with non-obese owners (BMI<25); p=0.003.  

Detailed descriptive data of the participants and their dogs is available in Table 1. 

 

Table 1 Detailed descriptive data of the participants and their dogs. 

Owner Data Total number % 

Woman/Man 

Age, years 
18-40 

41-55 
>55 
BMI 

Underweight (BMI=<18,5) 
Normal weight (18,5<BMI<25) 
Overweight (25=>BMI<30) 
Obese (BMI=>30) 
Number of family members living with pet 

Educational level of the person responding  

to questionnaire 
Primary 
Secondary/High School 
University degree 
Employment  
Student 
Employed/Retired 
Unemployed 
Monthly Family income   
 =< 500 € 
500 – 1000 € 
> 1000 € 
Disease, Yes/No 

Treatment, Yes/No 

 
 

 

260/52 
18-72 
234 
57 
19 

 
10 

233 
49 
19 

2-3 (1-8) 
 
 

3 
54 

255 
 

108 
286 
18 

 
83 

111 
112 

46/266 
70/243 

83.3/16.7 
 

75.7 
18.4 
6.1 

 
3.2 

74.9 
15.7 
6.1 

 
 
 

1.0 
17.3 
81.7 

 
34.6 
59.6 
5.8 

 
27.1 
36.3 
36.6 

78.9/21.1 
22.4/77.6 
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Dog data Total number % 

Gender, Female/Male 

Age, years 
< 1 

1-7 
>7 

Breed (5  breeds most represented) 
 

 

 

 

BCS 
1 
2 
3 
4 
5  
BFI 
20% 
30% 
40% 
50% 
60% 
70% 

 

Housing: 

Accesses to a backyard 

Without backyard 

Reproductive status: 
Intact 
Neutered  
Disease, Yes/No 

Visits to vet during last year  

because of health problems 
0 
1 
2 
>2 

 

154/157 
1-22 
49 

169 
92 

Labrador Retriever (n=34), 
German shepherd (n=11), 
Golden Retriever (n=9), 

Jack Russell Terrier (n=9), 
Yorkshire terrier (n=9). 

 
2 
27 

186 
81 
15 
 

130 
104 
44 
24 
9 
0 
 

210 
101 

 
161 
151 

56/256 
 

0-48 
21 
91 
65 

121 

49.5/50.5 
 

15.8 
54.5 
29.7 

 
 
 
 
 
 

0.6 
8.7 

59.6 
26.1 
4.8 

 
41.8 
33.4 
14.1 
7.7 
2.9 
0 

 
67.5 
32.5 

 
51.6 
48.4 

18.0/82.0 
 
 

7 
30.5 
21.8 
40.6 

 

 

3.1.3. Dogs and owners characteristics 

Breed- Mixed breeds accounted for 56% of dogs included in the survey (Supplementary 

material 1). The 5 breeds highly represented are shown in table 1. Neither pure breeds 

nor mixed breeds did appear to be significantly associated with any estimated BCS or 

BFI profiles. 

Gender and sex status -The overall dogs‟ gender distribution was 104 entire male 

(33.5%), 57 entire female (18.4%), 53 neutered male (17.1%) and 96 (31%) neutered 

female (Supplementary material 2). There was an increased risk of dogs obesity to be 

related with neutered animals, either considering dog obesity through estimated BCS or 

BFI profiles (p<0.001). 
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In owner, gender also influenced the propensity to obesity, with an increased risk of 

owners obesity related to being a man (p<0.001). 

Age - In total, 49 dogs were 1 year (15.8%), 169 dogs were between 1 and 7 years 

(54.8%) and 92 dogs (29.7%) were over 7 years (Supplementary material 2). There was 

an increased risk of dogs obesity related to older dogs (>7 years), for both estimated 

BCS and BFI profile (p<0.001) and an association between non-obese dogs and younger 

dogs (<1 year) for BFI profile (p<0.001). Owners were more prone to be obese if they 

were older (>41 years, 24.5%; p<0.001). 

Owners employment and monthly income - There was an increased risk of owners 

obesity (BMI>25) associated of being unemployed (p<0.001). 

Feeding habits - The vast majority of dogs fed a commercial (72.6%) or mix (25.4%) 

diet and only 6 dogs fed a home-made diet exclusively (2%); with the majority of 

owners stating that dogs are fed twice per day (62.4%), under a fix schedule (71.7%) 

(Supplementary material 2). There were no significant associations between obesity 

(estimated through BCS or BFI) and type, frequency or schedule of feeding per day. 

However, dogs were prone to be normal weight (BCS≤3; BFI≤30) if owners usually 

followed commercial recommendations for daily intake of diet (p=0.0124). 

Furthermore, dogs whose owners reported that usually fed them with treats were 

significantly more likely to be non-obese rather than obese. This association was 

obtained when dog condition was estimated either according BCSs (p=0.039) or BFI 

(p=0.023) profiles. Type of dogs‟ diet and treats offer were associated with monthly 

income of the owner. Owners that had an increase monthly income were more likely to 

fed their dogs with commercial diet (p=0.030) and less likely to give them treats 

(p=0.0005). 

Concerning owners‟ dietary habits, in total, 243 individuals usually have breakfast 

(78.1%); among which 59 were obese (19%). On the other hand, 68 owners do not take 

breakfast usually (21.9%) and among those 9 (2.9%) were obese (Supplementary 

material 2).  As such, there was an increased risk of owners obesity (BMI>25) 

associated with owners that usually have breakfast (p=0.042). The breakfast intake was 

also associated with monthly income, when increased income level of owner higher 

intake breakfast (p=0.014). The vast majority of owners stated that eat healthy (79.7%) 

and that they had self-discipline (62.7%) to have a healthy diet (Supplementary material 

2).  
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Exercise - The majority of dogs have regular exercise practice like walking (58.1%) and 

running (31%), among which 87 had ≤ 30 minutes (28%) and 168 had >30 minutes 

(54%) of practice per day (Supplementary material 2). A decreased risk of dogs‟ obesity 

associated both with “walking” and “running” practice was observed, considering both 

estimated BCS and BFI profiles  (p<0.001). 

The majority of owners had a positive attitude towards physical activity (85.9%) and 

had regular exercise (60.8%), but only 127 of them (40.8%) stated self-discipline to do 

it (Supplementary material 2). Concerning the regular exercise of owners with pets, 115 

do it sometimes (36.9%) while 37 do it always (11.9%). 162 owners (52.1%) stated that 

dogs did not have any influence on their regular exercise practice. Dogs were more 

prone to be normal weight if owners had a positive attitude towards physical activity 

(BCS profile, p=0.027), do regular exercise with their pets (for dog obesity estimated 

both according to BCS and BFI profiles; p<0.001 and p=0.033, respectively) and 

considered that having a dog influenced his/her regular exercise practice (for dog 

obesity estimated both according to BCS and BFI profiles; p=0.014 and p=0.019, 

respectively). There was no relationship between monthly income and exercise. 

Diseases - Orthopaedic (n=17), allergies (n=9), urinary (n=9), cardiovascular (n=4) and 

endocrine (n=2) disorders, as well breast tumour (n=2) and benign prostatic hyperplasia 

(n=3) were the main dogs diseases reported by owners.  

Respiratory (n=18), auto-immune (n=12), orthopaedic (n=11), allergies (n=8), 

cardiovascular (n=8), endocrine (n=5) and psychiatric (n=5) disorders were the main 

owners‟ diseases. Forty two owners stated that their pets became ill easily (13.5%), 

among those almost half of them (6.1%) had obese dogs (Supplementary material 2). 

Dogs, which owners stated to became ill easily, were more likely to be obese using both 

BCS and BFI charts (p=0.032 and p=0.035, respectively). There were no significant 

associations between obesity and the presence of a specific chronic diseases or its 

treatment, neither for dogs nor humans. 

Owner awareness – Three hundred two and 304 owners considered obesity as human 

and dog‟s disease (97.7% and 97.1%, respectively). Owner awareness of the risks of 

obesity disease was not significantly associated with dogs‟ obesity or overweight status. 

Owners most often mentioned lifestyle (a sedentary way of life), food related factors 

(eating fast food, high content of fats and sugar, additives, processed food), 

psychological factors (stress, depression, demotivation, laziness, bad self-discipline and 
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over-humanization of pet dogs) and modern way of life (every day rush, limited time for 

self-attendance and animal care) as reasons for obesity development. 

The main recommendations proposed by the owners to stop the increase of obesity in 

humans and dogs were summarized into three topics: 

a) Socio-economic: increased social education/awareness/knowledge about obesity risks 

and the associations between diet, exercise and health for humans and dogs. Better 

health care assistance for weight loss and maintenance for humans and dogs and better 

psychiatric monitoring.  

b) Lifestyle: reinforce/implement physical exercise in the urban life (at work, in school, 

during leisure time, in daily life, and make room for dogs in city life). 

c) Food: easily accessible healthy and balanced food for humans and dogs. 

Finally, a high proportion (85.9%) of owners stated that cooperation between human 

and veterinary health care professionals is important because it would ensure 

comprehensive education in society about the importance of healthy eating and physical 

activity for people and their pets for the prevention of obesity. Several of those 

participants stated that specialists from both disciplines should concentrate more on 

obesity counselling and mentioned the importance of One Health approach. 

 

3.2. Multivariable analysis 

3.2.1. Factors associated with owners overweight/obesity 

The adjusted multivariate logistic model (Table 2) fits well the data (Hosmer and 

Lemeshowgof test: p=0.411; Cessie Van Howellingengof test: p=0.376) and has a good 

discriminative capacity (AUC of the ROC curve = 0.743). Based on the Odds Ratio 

(Figure 1) we can conclude that: 

1) An owner with a non-obese dog is almost 3 times more likely to be obese than an 

owner with an obese dog; 

2) A male owner is almost 3 times more likely to be obese than a female owner; 

3) An owner that does not do any regular physical activity is 2 times more likely to be 

obese than an owner that walks, run or play sports;  

4) An owner that has 41 to 55 years old is 3.6 times more likely to be obese than an 

owner with less than 41 years old; 

5) An owner that has more than 55 years old is about 10 times more likely to be obese 

than an owner with less than 41 years old. 
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According to this model, we can conclude that the profile that maximizes the 

probability of an owner being obese is that of a man over 55 years old, that does not do 

any regular physical activity and that have a non-obese dog. The estimated probability 

for this profile to be obese is 88.2%, with a 95% confidence interval equal to 75.3% - 

100.0%. 

 

Table 2 Estimated coefficients ( ̂) of the logistic regression model for owner obesity (BMI 
underweight or normal weight vs. BMI overweight), standard deviations( ̂ ̂), p-values (Wald), 
odds ratio (OR) and 95% confidence intervals based on profile likelihood. 
Covariate  ̂  ̂ ̂ p-value OR CI95% (OR) 

Gender      
Female (Reference)      
Male  1.076 0.364 0.003 2.93 (1.43; 5.98) 
Age      
< 41 (Reference)      
41-55 1.288 0.353 <0.001 3.62 (1.81; 7.25) 
>55 
Regular Practice 

2.329 0.536 <0.001 10.18 (3.64; 30.57) 

Yes (Reference)      
No 0.710 0.313 0.023 2.03 (1.11; 3.19) 
BFI      
>30% (Reference)      
<=30%  1.066 0.431 0.013 2.90 (1.31; 7.26) 
Intercept -3.163 0.461 <0.001   

 

Figure 1 Odds Ratio and 95% confidence intervals based on profile likelihood, obtained from 
the multivariate logistic regression model for owner obesity (BMI underweight or normal 
weight vs. BMI overweight) - *sig at 5%, **sig at 1%, ***sig at 0.1%. 
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3.2.2. Factors associated with dogs overweight/obesity according to condition 

estimated considering BCS 

The adjusted multivariate logistic model (Table 3) fits well the data (Hosmer and 

Lemeshowgof test: p=0.724; Cessie Van Howellingengof test: p=0.900) and has a good 

discriminative capacity (AUC of the ROC curve = 0.754).  

 

Based on the Odds Ratio (Figure 2) we can conclude that: 

1) A dog with a non-obese owner is 2 times more likely to be obese than a dog with an 

obese owner; 

2) A neutered dog is about 3 times more likely to be obese than an intact dog; 

3) A dog that easily get sick is 2.3 times more likely to be obese than a dog that do not 

get sick easily; 

4) A dog that has a daily intake based on commercial recommendations is 2 times less 

likely to be obese than a dog that has a daily intake not based on commercial 

recommendations;  

5) A dog that does not do any physical activity with its owner is 4 times more likely to 

be obese than a dog that runs with its owner; 

6) A dog that does not do regular exercise is 3 times more likely to be obese than a dog 

that does do sometimes or always regular exercise.  

According to this model, we can conclude that the profile that maximizes the 

probability of a dog being obese is that of a neutered dog, that gets ill easily, that does 

not do regular exercise, that doesn‟t have a daily intake based on commercial 

recommendations, and that does not practice physical activity like running with its non-

obese owner. The estimated probability for this profile is 87.9%, with a 95% confidence 

interval equal to 76.1% - 99.7%. 

 

Table 3 Estimated coefficients ( ̂)  of the logistic regression model for dog obesity (BCS 
underweight or normal weight vs. BCS overweight), standard deviations( ̂ ̂), p-values (Wald; 
a- likelihood ratio), odds ratio (OR) and 95% confidence intervals based on profile likelihood. 
Covariate  ̂  ̂ ̂ p-value OR CI95% (OR) 

Status      
Intact (Reference)      
Neutered  1.065 0.292 <0.001 2.90 (1.65; 5.20) 
Easily Sick      
No (Reference)      
Yes 0.829 0.391 0.034 2.29 (1.07; 4.96) 
Activity      
None (Reference)      
Walking -0.457 0.452 0.312 0.63 (0.26; 1.53) 
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Running 
Diet Quantity 

-1.392 0.517 0.007 0.25 (0.09; 0.67) 

Veterinary recommendations or ad libitum 
(Reference) 

     

Commercial recommendations -0.694 0.288 0.016 0.50 (0.28; 0.87) 
Regular Exercise      
No (Reference)      
Yes 
 
 

-1.043 0.309 <0.001 0.35 (0.19; 0.64) 

BMI      
Obese (reference)      
Non-Obese  0.718 0.372 0.053 

(0.047a) 
2.05 (1.01; 4.38) 

Intercept -0.630 0.534 0.238   

 
Figure 2 Odds Ratio and 95% confidence intervals based on profile likelihood, obtained from 
the multivariate logistic regression model for dog obesity (BCS underweight or normal weight 
vs. BCS overweight) - *sig at 5%, **sig at 1%, ***sig at 0.1%. 
 
 

3.2.3. Factors associated with dogs overweight/obesity according to estimated BFI 

The adjusted multivariate logistic model (Table 4) fits well the data (Hosmer and 

Lemeshowgof test: p=0.595; Cessie Van Howellingengof test: p=0.787) and has a good 

discriminative capacity (AUC of the ROC curve = 0.775). Based on the Odds Ratio 

(Fig. 3) we can conclude that: 

1) A dog with a non-obese owner is 4 times more likely to be obese than a dog with an 

obese owner; 

2) A neutered dog is 3 times more likely to be obese than a intact dog; 
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3) A dog that has a daily intake based on commercial recommendations is 2 times less 

likely to be obese than a dog that has a daily intake not based on commercial 

recommendations;  

4) A dog that does not do any physical activity with its owner is 3 times more likely to 

be obese than a dog that walks with its owner and is about 14 times more likely to be 

obese than a dog that run with its owner. 

According to this model, we can conclude that the profile that maximizes the 

probability of a dog being obese is that of a neutered dog, that doesn‟t have a daily 

intake based on commercial recommendations, that does not do practice physical 

activity like running with its owner and that have a non-obese owner. The estimated 

probability for this profile is 81.0%, with a 95% confidence interval equal to 66.5% - 

95.5%. 

Table 4 Estimated coefficients ( ̂) of the logistic regression model for dog obesity (BFI30% 
vs. BFI>30%), standard deviations( ̂ ̂), p-values (Wald), odds ratio (OR) and 95% confidence 
intervals based on profile likelihood.  
Covariate  ̂  ̂ ̂ p-value OR CI95% (OR) 

Status      
Intact (Reference)      
Neutered  1.117 0.321 <0.001 3.05 (1.65; 5.84) 
Activity      
None (Reference)      
Walking -1.130 0.442 0.011 0.32 (0.13; 0.76) 
Running 
Diet Quantity 

-2.590 0.551 <0.001 0.07 (0.02; 0.21) 

Veterinary recommendations or ad libitum 
(Reference) 

     

Commercial recommendations -1.132 0.321 <0.001 0.32 (0.17; 0.60) 
BMI      
Obese (Reference)      
Non-Obese  1.375 0.455 0.003 3.96 (1.71; 10.33) 
Intercept -1.039 0.578 0.072   
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Figure 3 Odds Ratio and 95% confidence intervals based on profile likelihood, obtained from 
the multivariate logistic regression model for dog obesity (BFI30% vs. BFI>30%) - *sig at 
5%, **sig at 1%, ***sig at 0.1%. 
 

4. Discussion 

In the present study, 21.9% of owners were overweight/obese, which is a little less than 

what has been estimated for the global population (nearly 30% with BMI=>30), (19) 

and lower to the more recent reports for the Portuguese population (9,20). Similarly to 

the reported study, men are the gender presenting higher overweight/obesity prevalence. 

Obesity in humans and its prevalence has been linked to low socioeconomic status and 

poverty, and differs substantially by gender and age (21). We did also observe an 

association between unemployed people and higher prevalence of obesity, which is 

according to findings from multiple countries (22), a significant higher proportion of 

obese among individuals over 55 years, was also found, in accordance with reports that 

obesity is increased with age (23,24).  

The studies from several countries were unanimous on findings about income level, 

concluding that energy-dense foods and lower-quality diets composed of refined grains, 

added sugars, or fats are cheaper per calorie than are the healthy nutrient-dense foods 

(25). Furthermore, more energy-dense diets, that often devoid vegetables and fruit 

tended to be selected across different countries by lower-income people (26). Less-

healthy food choices such as increased consumption of soft drink, snack foods and more 

frequent eating at fast-food (associated with inadequate consumption of vegetables and 
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fruits) have been related to the lack of nutrition knowledge, local attitudes, or cultural 

norms (23,26).  

Among feeding habits, breakfast has been considered to be the most important meal of 

the day and a link between breakfast skipping (or the type of breakfast consumed) and 

overweight/obesity has been reported, both among young adults (<40 years) and older 

people (>50 years) (27,28). Nevertheless, to study the association of breakfast 

consumption with overweight/obesity prevalence, types of meal should be considered as 

an important factor (29). In the present study, breakfast consumption was associated 

with obesity in humans. It was observed that almost a quarter of the participants skipped 

breakfast. However, this occurred in a young population, mainly aging less than 40 

years and constituted by many students. The fact of the type of food eaten in this meal 

being not considered does not allow us to conclude why people taking breakfast have 

higher BMI. Moreover, the present results were obtained through a cross-sectional 

questionnaire study and this result may only reflect trends of studied population. 

In owners, a positive association between obesity and the absence of regular physical 

activity was found. This is in line with the known recommendations about physical 

activity, where it is stated that it is important in preventing weight gain and maintaining 

weight loss (19). 

In the case of dogs, overweight/obesity prevalence obtained either by estimated BCS or 

BFI, was in line with values reported worldwide (19.7-59.3%) (30–34). Although a  

slightly disparity of obesity prevalence was obtained through BCS and BFI 

measurements (higher prevalence with BCS vs. BFI), the influence risk factors of dogs‟ 

obesity in our final model were the same using both metrics. The different results for 

obesity assessed through BCS or BFI may be related with owners misperception of their 

dogs‟ body shape, among which underestimation of BCS was the most common form of 

misperception, especially in overweight or obese adult dogs, as reported by several 

authors (14,30,31,35–38). Furthermore, for overweight and obese dogs, owner 

misperception persists, whether or not a BCS chart is used (39).  

Human-related (i.e. pet owner) risk factors for canine obesity include, among others, 

owner household income and exercise habits (13,31). The present results, that showed a 

positive association between higher dog-owner income level, dogs‟ food choices 

(commercial diet) and treats not giving decisions, are in accordance with previous 

reported (13,32). It makes sense that people with higher monthly income have better life 

conditions, higher level of education thus, more opportunities and knowledge of obesity 
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risks and its prevention. Furthermore, a complex relationship between obesity and low 

social status in humans has been found in this work, as previously reported in other 

studies (40–43).  

Although low expensive dog foods are of importance for people with lower income 

level and non-commercial source of diet, including home-made food or table scraps, 

greatly associated with obesity, due to its high-fat content (32,44–46), the vast majority 

of dogs (72.6%) in this study were fed with commercial diets. Furthermore, dogs whose 

owners followed commercial recommendations were less prone to be obese. Our results 

suggest that a feeding control with commercial diet is needed, since home-made diet is 

often highly palatable and energy-dense which can also lead to overeating and obesity 

(47). Curiously, in the present study, dogs whose owners gave them treats were less 

prone to be obese than the ones whose owners didn‟t. Some controversy exists, in the 

literature, concerning the effects of treats for body weight. Some authors associated 

commercial treats for dogs with obesity development (13,44,45), whereas others 

reported that treats high in crude fibre were inversely associated with dog‟s risk for 

obesity, once crude fibre is significantly correlated with a decreased incidence of 

obesity (48). In the present questionnaire the type of treats were not considered and the 

term „treats‟ are often view by pet owners within a purely nutritional context, thus treat 

giving is commonplace in feeding regimes for the majority of owners (49). In this 

context, food has been considered an acceptable form of communication and interaction 

among owners and their pets (1,49). It is also possible to hypothesize that this 

relationship between treats and lower BCS may be done to treats being given during 

games or other types of play that implicates dog physical activity. 

Considering our results for exercise habits, in accordance with previous reported and 

scientific data, a positive association between reduced daily dog exercise with its owner 

and obesity was verified which makes sense once less energy expenditure is obtained 

(50), as been referred above. In other studies, not only reduced daily exercise has been 

associated with obesity but also an association with shorter walks (21,31,45).  

Owners perception of dog pets getting easily sick was associated with more prone to 

become obese, what reinforces not only the association between obesity and obesity-

related diseases and the clear correlation between weight and fat mass loss and 

increased vitality, fewer signs of being emotionally disturbed and of being in pain (4). 

Other obesity risks comprise age, gender and neutered status. In the present work, older 

dogs (>7years) and the neutered ones were more prone to be overweight/obese than the 
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young ones and intact ones, respectively, and no trends for gender was found. These 

results are according to previous observations in dogs, in which significantly association 

between overweight/obesity, increased age (>6) and neutered status were reported by 

several authors (8,21,31,51,52). Obesity risk associated with neutering is due to a 

combination of decreased energy requirements after neutering and an increase in food 

consumption (51). Those authors also found a positive association between overweight 

and being female. Nonetheless, others had reported that overweight/obesity status was 

only positively associated with neutered status, but not with sex (53).  

In the majority of the studies performed so far, a positive association amongst dogs and 

pet-owners has been found (1,8,46). However, interestingly, in the present study, an 

opposite association was found. This fact could be at least in part explained relating to 

descriptive data of owners, such as: a) the majority lived in a rural zone or had a 

backyard which leads to a more independent way of dog living and exercising, b) the 

majority had a high level of education, possibly leading to higher awareness related to 

obesity risks factors and obesity-related diseases, c) the majority had a high conscious 

level once many participants revealed a good perception of obesity as a disease and life 

style and feeding habits importance in obesity prevention. Taking all together, the 

authors may hypothesize that the existence of considerable information related to 

human obesity, from different sources, including media, and the lower amount of 

information disseminated about canine obesity harmfulness, results in less care by the 

owners concerning dogs‟ obesity. 

Furthermore, the present study has some limitations that may also explain this 

surprising result, namely the general limitations of online cross-sectional questionnaire 

studies and owners misperception of dogs‟ obesity. As such, these results should be 

considered for the studied population, which may not reflect all the Portuguese 

population. Further studies should be performed to elucidate some of the associations 

found so far. 

 

5. Conclusions  

All of the obesity risk factors considered in our final model, for both dogs and their 

owners, has been stated by several authors with similar results in a One Health 

approach. Concerning obesity relationship between dogs and owners, owners‟ data and 

limitations of the study may explain it. Owners‟ data such as household type and its 

geographical localization, level of education and good perception of feeding habits and 
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life style as influence obesity factors may explain that opposite result. Moreover, 

limitations of the study like a non-control of data once the results was mainly from an 

online cross-sectional questionnaire study and owners misperception of dogs‟ obesity 

may also have an influence on the results. 

Obesity risk factors of our final model include owner‟s age, gender and level of physical 

activity and dog‟s neutered status, level of exercise, daily intake recommendations and 

owners perception of dogs‟ getting sick easily.  
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Saliva gained interest as a potential noninvasive source of biomarkers in humans and that interest starts to be extended also to other
animal species. For this purpose, the knowledge of the salivary proteome in healthy conditions and the factors that affect it and
how they affect it are necessary. The aim of the present study was to assess the effect that gender and breed have in saliva proteome
and the changes in it induced by stimulation with acid. Saliva from 4 different purebred dogs (Portuguese Podengo, Greyhound,
Rafeiro Alentejano, and Beagle) of both genders was collected without and after stimulation with lemon juice. SDS-PAGE and two-
dimensional gel electrophoresis (2-DE) profiles were compared and the proteins of interest in-gel digested and identified by mass
spectrometry. Acid stimulation decreased total protein concentration and the relative amounts of some protein bands/spots. Gender
appeared to have minimal effect in saliva proteome, whereas the influence of breed varies. Beagles and Portuguese Podengos were
the two breeds with higher differences. In conclusion, stimulation procedures and dog breed should be considered in data analysis
when using salivary proteins for diagnostic purposes.

1. Introduction

Physiological variables are of added value to assess thewelfare
and lifespan both in humans and in animals, as they pro-
vide important information for interpreting and validating
emotional and biological responses, respectively [1]. Saliva
has gained interest for biomarker identification, mainly due
to the noninvasive nature of its collection; at the same time
that it contains glandular and blood-born molecules that
can change under different conditions [2]. In dogs, most of
the studies have been focused on the evaluation of stress
by measuring salivary cortisol levels [3]. Infectious agents,
such as Helicobacter spp., Bartonella spp., or rabies virus,
have also been evaluated [4–6]. In addition, canine saliva has
been used for quantification of acute phase proteins [7] and
allergen measurements [8] and in forensic studies for canine

mRNA determination [9]. Furthermore, recently, healthy
dog saliva proteome has been characterized by shotgun
proteomics, with the identification of 2,491 proteins and

peptides [10]. Despite this characterization, two-dimensional

electrophoresis (2-DE) salivary protein profiles of dog saliva
have been less explored. Although several researchers con-
sider that gel-based approaches provide limited information,
2-DE continues providing reliable quantitative results on
differential protein expressions as they display a high num-
ber of protein species, their isoforms, and posttranslational
modifications at the same time [11]. It also has the advantage
of allowing modifications of the protein mixtures caused by
inadequate treatment or endogenous protease activities with
physiological relevance to be easily recognized via pattern
disturbances by 2D gels [11].
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Table 1: Dog population for each breed by gender and age.

Breed Average body weight (Kg) Age (years)
Gender

Female Male

Portuguese Podengo 4-5 0.5–10 7 6

Greyhound 26–40 1–7 9 6

Rafeiro Alentejano 35–50 0.5–8 8 7

Beagle 9–11 2–11 0 10

In humans, physiological and environmental factors, such
as gender, age, interindividual variability, taste stimulation,
and circadian rhythms, were identified to cause differences
in the human salivary protein profiles [12]. However, to the
best of the author’s knowledge, in dogs such influences in
salivary proteome are not deeply studied. The knowledge
of the possible salivary proteome changes due to different
factors would later permit correcting data interpretation for
disease diagnostics.

Different methods of saliva sampling in dogs have been
reported in literature: (1) without stimulation [10, 13]; (2)
using different stimulating methods, such as citric acid in
swabs [14] or in crystals spreader in the tongue [15], beef-
flavoured cotton ropes [16], dogs’ snack held in front of the
dog’s snout [17], or visualization and smell of food [18] what
could result in different salivary proteomes. Acid stimulation,
which is one of themostly usedmethods for stimulating saliva
production in humans, has been already reported to influence
human salivary proteome [12]. However, its influence in dog
saliva composition has not been reported.

The aims of this study were to evaluate the possible
influence of biological factors, namely, breed and gender, and
different saliva sampling conditions (with and without saliva
stimulation with citric acid) on dog’s saliva proteome.

2. Materials and Methods

2.1. Ethical Note. Dogs used in this study belong to three
kennels and to a university (University of Murcia), whose
gave their informed consent and participated in the collection
procedures by handling the animals. The saliva collection
and all animal procedures were carried out by researcher
accredited by the Federation of European Laboratory Animal
Science Association (FELASA) and conformed to legislation.

2.2. Dog Population. Dog population for each breed by
gender and age is shown in Table 1. All were healthy and
normal weight animals. Only male’s pure breed Beagle were
neutered animals.

2.3. Saliva Collection. Saliva samples were collected in the
afternoon between 3:30 and 6:30 pm. Dogs did not eat for
16–18 hours prior to saliva sampling. Water was provided
ad libitum. Saliva was collected by rolling a cotton cylinder
(Salivette�, Sarstedt) inside each dog’s mouth as described
previously [19, 20]. The cotton cylinders were inserted under
the dog’s tongue for chew, until completely soaked with
saliva, for a maximum of two minutes [21]. Two to three

sample were collected in all animals, in different days. In
one of these sample collections two to three drops of lemon
juice were put under the tongue for stimulating saliva flow
(acid stimulation). Only for Rafeiro Alentejano breed acid
stimulated saliva collection was not possible. After collection,
the cotton cylinders were immediately placed on ice, until
laboratory arrival, which lasted no more than 30 minutes.
In the laboratory saliva was extracted from the cotton
roll by centrifugation at 4∘C, at 5000 rpm, for 5min, and
immediately stored at −20∘C for further analysis.

2.4. Total Protein Concentration. Bradford method protein
assay [22] with BSA as the standard protein (Pierce Biotech-
nology, Rockford, IL, USA) was performed to determine
the total protein concentration of each sample. Standards
and samples were run in triplicate, in 96-well microplates.
Absorbance was read at 600 nm in a microplate reader
(Glomax, Promega).

2.5. SDS-PAGE. Proteins from individual saliva samples of
all animals (both without and with acid stimulation) were
separated by SDS-PAGE electrophoresis in 14% acrylamide
gels in amini-protean apparatus (BioRad) as described before
[23]. Briefly, a total of 15 𝜇g protein from each saliva sample
was run in each lane. The samples were resuspended in
sample buffer [Tris–HCl 0.125M pH 6.8, 2% (w/v) SDS,
5% (v/v) 2-mercaptoetanol, 20% (v/v) glycerol traces of
bromophenol blue], heated at 95∘C for 5 minutes, and run
at a constant voltage of 140V until the dye front reaches
the end of the gel. Gels were fixed in 40% methanol, 20%
acetic acid, for one hour, stained with Coomassie Brilliant
Blue (CBB) G-250 (0.125% CBB G-250, 20% ethanol) for
two hours and destained in several washes with distilled
water. A scanning Molecular Dynamics densitometer with
internal calibration and LabScan software (GE, Healthcare)
were used to acquire gel images and to determine the per-
centage of volumeof each protein band;GelAnalyzer software
(http://www.gelanalyzer.com/) was used to analyze the gel
images. Molecular masses were determined in accordance
with molecular mass standards (Bio-Rad Precision Plus
Protein Dual Color 161–0394) run with protein samples.

2.6. Two-Dimensional Gel Electrophoresis (2-DE)

2.6.1. Protein Precipitation. Due to the limited amount of
individual saliva samples, the unstimulated and acid stimu-
lated saliva samples from each breed and gender were mixed
in pools, constituting a total of 12 pools: (1) unstimulated
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female Portuguese Podengo; (2) unstimulated male Por-
tuguese Podengo; (3) stimulated female Portuguese Podengo;
(4) stimulated male Portuguese Podengo; (5) unstimulated
female Greyhound; (6) unstimulated male Greyhound; (7)
stimulated female Greyhound; (8) stimulated male Grey-
hound; (9) unstimulated female Rafeiro Alentejano; (10)
unstimulated male Rafeiro Alentejano; (11) unstimulated
male Beagle; (12) stimulated male Beagle. Volumes of saliva
from each pool containing 250 𝜇g of total protein were used.
The volume of each pool was mixed with equal volume of
TCA 20% (m/v), incubated overnight, at −20∘C, followed
by centrifugation at 15,000𝑔, 30min, and two cold-acetone
washes. This protocol as previously observed by us allows
satisfactory results for preparation of dog saliva samples for
2-DE [24].

2.6.2. 2-DE Protein Separation. For 2-DE, the precipitates
were mixed with 250 𝜇L rehydration buffer [7M urea, 2M
thiourea, 4% (w/v) CHAPS, 2% (v/v), 60mM DTT and
traces of bromophenol blue] +5 𝜇L IPG buffer +5𝜇L NaOH.
Then the precipitates were sonicated until total resuspension
and incubated during 1 h at room temperature, being subse-
quently centrifuged for 5min at 10000 rpm. IPG strips (13 cm,
pH 3–10 NL; GE, Healthcare) were passively rehydrated
overnight with this solution. Focusing was performed in a
Multiphor II (GE, Healthcare) at 20∘C, with the programme
(gradient): (1) 0–300V for 2 h; (2) 300V for 2 h; 300V
to 3500V for 6 h; 3500V for 6 h. Focused strips were
equilibrated in two steps of 15min each with equilibration
buffer [50mMTris–HCl, pH 8.8; 6Murea; 30% (v/v) glycerol
and 2% (w/v) SDS], with the addition of 1% (w/v) DTT
and 65mM iodoacetamide in the first and second steps,
respectively. After equilibration the strips were applied in
the top of a SDS-PAGE gel 14% acrylamide and run at
150V constant voltage in a mini-protean system (BioRad).
Staining with CBB-G250 and destaining were done through
the same protocol described for SDS-PAGE gels. Gel images
were acquired using the same scan method and apparatus
described for SDS-PAGE gels. ImageMaster 2D Platinum
v7 software was used to analyze these gel images. Spot
editing and the match were performed automatically and
corrected manually. Spot volume was normalized to the total
spot volume. Three laboratorial replicates of each pool were
run.

2.7. Protein Identification. Bands and spots that differed
among the factors tested were manually excised from
gels and digested with trypsin following the protocol
already described [25]. MALDI-TOF/-TOF mass spectrom-
etry was used for protein identifications. Tryptic peptide
mixtures were acidified with 5% (V/V) formic acid, desalted,
and concentrated using home-made reversal phase (R2
pores-Applied Biosystems) microcolumns (R2 pores-Applied
Biosystems). Peptides were eluted with the matrix solution
(𝛼-cyano-4-hydroxycinnamic acid Fluka) 5mg/mL in 50%
(v/v) acetonitrile and 5% (v/v) formic acid. MS and MS/MS
data were acquired in positive reflector mode in a 4800 Plus
AB SCIEX using the software 4000 Series Explorer, version
3.5.3.3 (Applied Biosystems).

Peptide mass spectra were acquired using a MALDI-
TOF/TOF 4800 plus MS/MS (Applied Biosystems� Life
Technologies, Carlsbad, United States of America). Data
were acquired in positive MS reflector using a PepMix1
(LaserBio Labs, Sophia-Antipolis, France) to calibrate the
instrument. Each reflector MS spectrum was collected in a
result independent acquisition mode, using 750 shots per
spectra in 800–4000𝑚/𝑧 range and fixed laser intensity
to 3100V. Fifteen of the strongest precursors were selected
for MS/MS. MS/MS analyses were performed using CID
(Collision Induced Dissociation) assisted with a collision
energy of 1 kV and a gas pressure of 1 × 10−6 Torr. For each
MS/MS spectrum, 1400 laser shots were collected, using fixed
laser intensity of 4400V. Processing and interpretation ofMS
and MS/MS spectra were performed with the 4000 Series
Explored� Software (Applied Biosystems� Life Technologies,
Carlsbad, United States of America).

Protein identification was performed using MS and
MS/MS spectral data and ProteinPilot (Applied Biosys-
tems, version 3.0, rev. 114732) on Canis canis database
(85118 sequences; 46,697,962 residues) retrieved from NCBI
(downloaded in October 2017). Searches included trypsin
as digesting enzyme; peptide mass tolerance of 50 ppm;
fragment mass tolerance of 0.5Da and possible oxidation,
carbomidomethylation, or deaminidation as variable amino
acid modifications with one missed cleavage. Peptides were
only considered if the ion score indicated extensive homology
(𝑝 < 0.05). Proteins were considered if the protein score
indicated significant statistical confidence (𝑝 < 0.05).
Protein identifications with only one matched peptide were
considered if they were identified with >95% confidence.

2.8. Statistical Analysis. Multivariate analyse of protein
bands, on one hand, and protein spots, on the other, were
performed with MetaboAnalyst 3.6 to evaluate clustering
of individuals or groups [26]. Data normalization was used
when normal distribution was not observed, using trans-
formation (log10) or scaling methods, alone or combined.
The method chosen was the one that allowed data to be
normally distributed. For univariate analysis, 𝑡-test, one-way
ANOVA, and two-way ANOVA were used for comparison of
protein profiles (band percentage volume or spots percentage
volume) betweenunstimulated and acid stimulated saliva and
among breeds and genders. For Multivariate Analysis, par-
tial least squares discriminant analysis (PLS-DA) was used.
Discriminant variables selection was done using variable
importance in the projection (VIP) with a threshold of 1.0.
Finally, paired-samples 𝑡-test was used for comparison of
total protein concentration between saliva samples with and
without stimulation. Statistical significance was considered
for 𝑝 < 0.05.

3. Results

3.1. Effect of Acid Stimulation on Salivary Proteome

3.1.1. Total Protein Concentration. Total protein concentra-
tion decreased significantly in stimulated saliva in males of
both pure breeds Portuguese Podengo and Beagle. In females,
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Table 2: Comparison of total protein concentration (mean ± standard error) between saliva with acid stimulation and saliva without
stimulation, for each dogs breed and gender.

Total protein concentration (𝜇g/mL)

with acid stimulation without stimulation 𝑝
Breed

Portuguese Pondego (𝑛 = 6) 843.0 ± 163.6 2385.7 ± 482.9 0.036∗
Greyhound (𝑛 = 7) 961.7 ± 72.3 1146.7 ± 504.7 0.354

Beagle (𝑛 = 7) 1273.3 ± 161.8 1811.8 ± 246.3 0.033∗
Gender

Female (Podengo, 𝑛 = 4, Greyhound, 𝑛 = 4) 950.1 ± 115.3 1743.3 ± 404.3 0.112

Male (Beagle, 𝑛 = 7, Podengo, 𝑛 = 2, Greyhound, 𝑛 = 3) 1049.2 ± 110.5 1737.3 ± 170.7 0.001∗
∗Statistically significant differences for 𝑝 < 0.05.
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Figure 1: Representative SDS-PAGE profile of dog saliva: (a) from different breeds without stimulation (R: Rafeiro; G: Greyhound; P:
Portuguese Podengo); (b) from Beagles without (w/o) and with (w) acid stimulation; MW: molecular mass marker; upper letters indicate
the different protein bands.

no statistically significant differences were observed for saliva
collected under the two conditions (Table 2). Concerning
salivary flow rate, although this was not measured, it was
possible to observe a tendency for higher salivary flow rates
in big, comparatively to small breeds and higher salivary flow
rate after lemon juice induction, in all breeds.

3.1.2. SDS-PAGE Profile. Among the 16 protein bands, with
molecular masses between 20 and 245 kDa, observed in SDS-
PAGE protein profiles (Figure 1), some presented changes

in their intensities/volumes, which were induced by acid
stimulation. Some of these changes were observed to be
dependent on the dogs’ breed and/or gender. Considering
the total of the animals, 2 of the protein bands decreased (F
and J) and one increased (I1) with acid stimulation (Table 3).
Concerning bands F and J, the decreased levels were observed
only in males and not in females.

By considering the dog breeds separately, changes
induced by stimulation were observed only for Beagles:
decreased expression levels of 4 protein bands (B, D, F, and J)
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Table 3: Protein bands differently expressed (mean ± standard error) between saliva collected with and without acid stimulation.

Bands
% vol 𝑝

Without acid stimulation With acid stimulation

Total of animals (𝑛 = 20)
F 8.26 ± 0.46 5.61 ± 0.58 0.002∗
I1 3.69 ± 0.51 7.62 ± 1.01 0.002∗
J 12.81 ± 0.54 9.24 ± 0.63 0.0008∗

Beagles (only males) (𝑛 = 7)
B 9.10 ± 0.79 6.13 ± 0.39 0.004∗
D 10.28 ± 1.04 6.9 ± 0.39 0.004∗
F 8.34 ± 0.91 4.15 ± 0.64 0.002∗
I1 3.79 ± 1.00 10.10 ± 1.6 0.010∗
J 11.88 ± 0.98 8.43 ± 0.70 0.002∗

Males (three breeds) (𝑛 = 12)
F 8.34 ± 0.54 5.29 ± 0.69 0.003∗
J 12.88 ± 0.68 8.56 ± 0.79 0.0003∗
∗Statistically significant differences for 𝑝 < 0.05.

Table 4: Mass spectrometry identification of proteins present in bands from saliva SDS-PAGE profiles.

Band Protein
NCBI Accession Code

Accession n
Estim/theoret
MW (kDa)# ID Score∗

Seq. Cov.
(%)

Matched
Peptides

MS (MS/MS)

A Mucin-19 XP 022267206.1 240.6/340.8 201 11 21 (5)

C IgGFc-binding protein XP 022261796.1 75/318.0 187 14 14 (9)

D
Chain A, Crystal Structure Analysis

Of Canine Serum Albumin
pdb|5GHK|A 67.8/65.7 815 52 15 (11)

E Serum albumin isoform X1 XP 005628024.1 61.3/68.6 661 44 12 (10)

F IgGFc-binding protein XP 022261796.1 52.6/318.0 313 8 13 (6)

M
Full-double-headed protease
inhibitor, submandibular gland

sp|P01002.1|IPSG CANLF 12.2/12.8 166 46 6 (3)

#MW values observed in gel versus theoretical ones. ∗Protein score is −10∗log(𝑃), where 𝑃 is the probability that the observed match is a random event.
Protein scores greater than 62 are significant (𝑝 < 0.05).

and increased expression level of 1 protein band (I1) (Table 3).
Information about mass spectrometry details of identified
proteins is present in Table 4.

Although, in the pure breeds Portuguese Podengo and
Greyhound, none of the individual bands from SDS-PAGE
protein profiles showed statistical significant intensity dif-
ferences, between the saliva collected with and without
acid stimulation, the multivariate PLS-DA model clustered
separately unstimulated saliva from acid stimulated saliva,
in these two breeds (Figure 2). The protein bands J, K,
and M were the major contributors for the differences in
Greyhounds. Band M was identified as containing full-
double-headed protease inhibitor, whereas the other two
bands resulted in no confident identification. The protein
bands C, E, and G, identified as containing IgGFc-binding
protein and serum albumin, were the major contributors for
differences in Portuguese Podengos (Supplementary Figure
1).

3.1.3. Two-Dimensional Protein Profile (2-DE). By analyzing
2-DE salivary protein profiles (Figure 3), 3 protein spots were

observed to be present in lower volume in the saliva collected
after stimulation: spot 0 (34.4 ± 5.14 and 13.9 ± 2.97% vol.,
saliva without and with stimulation, respectively), spot 5
(0.73 ± 0.02 and 0.47 ± 0.05% vol., saliva without and with
stimulation, respectively) and spot 81 (0.5 ± 0.24 and 0.21 ±
0.20% vol., saliva without and with stimulation). These spots
were identified as serum albumin subunit A, cytoskeletal
keratin, and one unknown protein (Table 5).

3.2. Effect of Dog’s Breeds and Genders on Salivary Proteome

3.2.1. Total Protein Concentration. The four different breeds
did not differ among them for the total protein concentration
of saliva, as shown by univariate statistical analysis. Also, no
differences were observed between genders, neither for saliva
collected without nor saliva collected with acid stimulation.

3.2.2. SDS-PAGEProfile. Salivary protein profiles of the 4 dog
breeds studiedwere compared for the saliva collectedwithout
acid stimulation. Six protein bands showed a different vol-
ume among dog breeds (Table 6): bands containing serum
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Figure 2: PLS-DA of saliva samples SDS-PAGE bands for all dogs (a), Beagles (𝑛 = 7) (b), Greyhounds (𝑛 = 7) (c), and Portuguese Podengos
(𝑛 = 6) (d). Scaling was applied to rows when needed; 𝑋 and 𝑌 axes show principal component 1 (PC1) and principal component 2 (PC2),
respectively, and the total variance explained by each of them. Δ: with acid stimulation; +: without stimulation.

albumin were observed to be increased in Beagles, whereas a
band containing a full-double-headed protease inhibitor was
decreased, comparatively to the other breeds; bands contain-
ing albumin and IgGFc-binding protein were increased and
one not identified was decreased in Portuguese Podengo. No

trends for gender were found and no relationship between
breed and gender was found, as well.

Through the multivariate PLS-DA model, that has into
account the interrelationship among variables, it was possible
to cluster Portuguese Podengos and Beagles more distant,
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Table 5: Mass spectrometry identification of proteins present in spots from saliva 2-DE profiles differing between stimulation conditions
and/or among breeds.

Spots Protein
Entry

reference

Estim/
theoret

MW (kDa)

Estim/
theor pI

Score
ID∗

% Seq.
Cov.

Matched
Peptides

MS (MS/MS)

0
Chain A, Crystal Structure Analysis Of

Canine Serum Albumin
pdb|5GHK|A (NCBI) 78.1/65.7 4.9/5.3 263 42 18 (2)

5 Keratin, type I cytoskeletal 10 Q6EIZ0 (Uniprot) 18.5/57.7 7.8/5.1 207 30 10 (5)

8
double-headed protease inhibitor,

submandibular gland
XP 022264993.1 (NCBI) 17.9/15.7 6.0/8.6 428 58 4 (8)

12 Immunoglobulin J chain XP 532398.2 (NCBI) 30.1/18.3 4.4/4.7 125 40 3 (2)

16
Immunoglobulin lambda-1 light chain

isoform X34
XP 005636600.1 (NCBI) 30.0/24.8 6.0/6.4 326 33 6 (4)

18
Immunoglobulin lambda-1 light chain

isoform X25
XP 022266294.1 (NCBI) 31.0/24.9 5.5/5.1 198 35 8 (4)

37 IgGFc-binding protein XP 022261796.1 (NCBI) 59.9/318.0 4.9/5.2 267 4 7 (4)

45 Uncharacterized protein J9P732 (Uniprot) 25.0/21.4 5.8/6.0 192 28 4 (5)

81 Uncharacterized protein F1PW98 (Uniprot) 19.1/55.0 8.0/5.7 111 29 15 (2)
∗Protein score is −10∗log(𝑃), where 𝑃 is the probability that the observed match is a random event. Protein scores greater than 62 are significant (𝑝 < .05).
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Figure 3: Representative dog’s saliva 2-DE gel. Spots excised for
digestion and identification by MS are numbered.

comparatively to the other breeds (Figure 4(a) and Sup-
plementary Figure 2). The differences between Portuguese
Podengo and Beagles for nonstimulated saliva were con-
firmed in the saliva collected after acid stimulation, by
univariate analysis. In this case, it was also possible to observe
that these breeds differ in saliva protein profile, with five
proteins bands (E, F, I1, J, and M) observed to be differently
expressed (Table 7 and Figure 4(b)).

3.2.3. 2-DE Saliva Profile. 2-DE salivary protein profiles
of the several dog breeds evaluated presented differences
in the percentage volumes of 7 protein spots. Through
ANOVA (univariate analysis) it was observed that Portuguese
Podengo presented higher levels of 5 salivary protein spots [1
(𝑝 = 0.034), 18 (𝑝 = 0.041), 22 (𝑝 = 0.046), 36 (𝑝 = 0.036),
and 46 (𝑝 = 0.014)], comparatively to the other breeds.
Among them, only spot 18 was identified (as a light-chain

of immunoglobulin lambda-1). Spots 8 (𝑝 = 0.043) and 26
(𝑝 = 0.015) were present at different levels in Beagles, the
spot 8 (identified as double-headed protease inhibitor) being
in lower levels than in Greyhounds and the spot 26 (not
identified) in higher levels than in the other breeds.

Besides these spots,multivariate PLS-DAmodel clustered
Portuguese Podengo distinctly from Beagles and Rafeiro
Alentejano breeds in 2-DE protein profiles (Figure 5). Spots 1,
18, 23, 45, and 82 were the ones that most contributed to these
differences (Supplementary Figure 3). Detailed information
about MS/MS identification of the referred spots is presented
in Table 5.

In the case of spots 45 and 81, the identification resulted
in unknown proteins. However, through BLAST analysis, it
was possible to observe 83% homology between the protein
present in spot 45 and a S100 calcium binding protein A9 and
83% homology between the protein present in spot 81 and
keratin 8.

4. Discussion

In this study, the influence of gender and acid stimulation
on the normal dog salivary proteome of different breeds was
studied through in-gel based proteomics approach. For all the
breeds, animals with a wide range of ages were included in
the study. The number of proteins observed and identified
in dog saliva through this methodology is much lower
than the one reported in other studies, using LC-MS/MS
[10, 27]. Nevertheless, in this study, dog gel protein profiles
presented what can be of utility for studies where protein
isoforms and/or posttranslational modifications (PTMs) are
of interest [11]. SDS-PAGE and 2-DE protein separations
were simultaneously performed in this study due to the
limited amount of individual saliva. As such, SDS-PAGE
was used for assessing variability and to make comparisons
using individual information. Since this approach only allows
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Table 6: Protein bands differently expressed (mean ± standard error) between dog breeds, in saliva collected without acid stimulation.

Bands Breed % vol 𝑝

B Beagle

Port. Pod.

9.02 ± 0.63a
6.07 ± .31b

0.005Greyhound 6.71 ± .44b
Raf. Alent. 6.86 ± .38b

D Port. Pod.

Greyhound

12.59 ± 1.32a
8.16 ± 0.80b

0.005Raf. Alent. 8.2 ± 0.46b
Beagle 10.71 ± 0.48

E Beagle

Port. Pod.

13.7 ± 1.29a
8.14 ± 0.53b

0.005Greyhound 11.5 ± 0.98a,b
Raf. Alent. 9.97 ± 0.45b

F Port. Pod.

Greyhound

9.66 ± 0.75a
7.05 ± 0.62a,b

0.01Raf. Alent. 6.39 ± 0.56b
Beagle 8.53 ± 0.90a,b

G Port. Pod.

Greyhound

3.73 ± 0.72a
6.32 ± 0.51a,b

0.005Raf. Alent. 6.35 ± 0.35b
Beagle 8.43 ± .99b

M Beagle

Port. Pod.

1.71 ± 0.005a
8.64 ± 1.04b

0.005Greyhound 7.44 ± 1.25b
Raf. Alent. 5.98 ± .83b

Different letters mean statistically significant differences between pairs, for 𝑝 < 0.05. Beagle (𝑛 = 10); Portuguese Podengo (𝑁 = 7); Greyhound (𝑛 = 11);
Rafeiro Alentejano (𝑛 = 13).
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Figure 4: Partial Least Square Determinant Analysis (PLS-DA) model for all dog unstimulated saliva samples SDS-PAGE bands [Δ:
Portuguese Podengo (𝑛 = 7); +: Greyhound (𝑛 = 11); ◊: Rafeiro Alentejano (𝑛 = 13); and x: Beagles (𝑛 = 10)] (a) and for stimulated
saliva samples SDS-PAGE bands [+: Portuguese Podengo (𝑛 = 6) and Δ: Beagles (𝑛 = 8)] (b). Scaling was applied to rows when needed;
𝑋 and 𝑌 axes show principal component 1 (PC1) and principal component 2 (PC2), respectively, and the contribution of each of them for
explaining the total variance.
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Figure 5: PLS-DA of dog saliva pool samples 2-DE spots of each breed (a) or considering only Portuguese Podengo and Beagles (b). Log
transformation was applied to rows;𝑋 and 𝑌 axis show principal component 1 (PC1) and principal component 2 (PC2), and the respective %
of explanation for the total variance. 1 – Portuguese Podengo; 2- Greyhound; 3- Rafeiro Alentejano; 4- Beagle.

Table 7: Protein bands differently expressed (mean ± standard
error) in saliva samples with acid stimulation between Portuguese
Podengo (𝑛 = 6) and Beagles (𝑛 = 8)#.

Bands
% vol 𝑃∗

Portuguese Podengo Beagle

E 7.39 ± 1.64 13.21 ± 0.54 0.003

F 8.89 ± 0.57 3.98 ± 0.60 9.075e − 05
I1 2.72 ± 1.07 10.64 ± 1.50 0.002

J 12.87 ± 1.21 8.40 ± 0.60 0.004

M 9.12 ± 0.68 2.85 ± 0.60 1.6369e − 05
∗Statistically significant differences for 𝑝 < 0.05. # 𝑁 of Beagles used for
comparison was different that the one reported in Table 3, since for 1 animal
only saliva from the collection after stimulation contained enough amount
for analysis, impeding that animal for being included in paired analysis
reported in Table 3.

separation according to molecular masses, several proteins
must be present in each band, making it difficult to know
the one (or several) responsible for changes. 2-DE profiles of
saliva pools were used to add such detail.

No significant differences among breeds or between
genders were observed on total protein concentration of
normal dog’s saliva. However, a decrease in the total protein
concentration after acid stimulation was observed, especially
in males of both pure breeds Portuguese Podengo and
Beagle. In terms of profiles, proteins such as cytoskeletal
keratin, serum albumin, and IgGFc-binding proteins were

identified in bands and/or spots whose levels decreased with
acid stimulation. IgG Fc-binding protein has been recently
identified as one of the more abundant proteins in dog saliva
[10] being a protein involved in binding IgG on mucosal
surfaces [28]. To our knowledge, there are no other reports,
in the literature, concerning the effect of acid stimulation
on salivary proteome of dogs or other animals. But, our
results are in accordance with studies performed in humans
[12], where it was observed that acid stimulation produced
considerable major changes, namely, in proteins related to
immune function, inflammation, and cell movement [12].
Also Lorenz et al. (2011) [29] observed significant decreases
on the relative abundance of several protein spots, in human
saliva, after citric acid stimulation. It is curious that keratin is
a protein from the cytoskeleton and IgG Fc-binding protein
is a gel-like component of the mucosa. Stimulation with
lemon juice raised the total volume of saliva produced and,
as such, the cotton roll needed less time in the mouth
for getting enough saliva amounts. Such decreased time of
saliva collection, associated with fewermovements, may have
resulted in a lower incorporation of components from the
epithelium in the samples. In fact, the possibility of variations
in the levels of these proteins being done to this effect was
recently suggested [13].

In dogs, saliva collection without stimulation has the
constraint of allowing obtaining only limited volumes of
saliva for performing some laboratorial techniques [30].
However, if stimulation is needed it is important to have in
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mind the referred differences in protein composition that
such stimulation is producing.

In the present study, we could observe that salivary
protein composition varies among different dog breeds, but
no major differences were observed between genders. The
reduced impact of gender in dog salivary proteome observed
is in agreement with others recently published [13]. Our
results go in accordance with these observations.

Two of the breeds that most differed between them
were Portuguese Podengo and Beagle. According to Feder-
ation Cynologique Internationale (FCI) (http://www.fci.be,
accessed on January 31, 2018) purebred Portuguese Podengo
is a primitive type of breed, hunting dog probably originating
from the ancient dogs, traditionally used for helping in rabbit
or birds hunting, but without working trial [31]. This breed
is also used as a watch and companion dog. Despite being
a pure breed, it is expected that individuals present higher
genetic variability than Beagles, since this last has been bred
in a controlled way, also for use in laboratory studies. Also
according to FCI, purebred Beagles belong to a small-sized
hound group with working trial. By using clustering analysis,
to define phylogenetic tree, this breed belongs to a cluster
comprised mostly by modern breeds used in hunting [32].

Bands containing chains of canine serum albumin and
IgGFc-binding protein were proteins differently expressed
among dog’s breeds. One of the proteins observed to be
present in lower amounts in Beagles, both in SDS-PAGE and
in 2-DE protein profiles, was the full-double-headed protease
inhibitor from the submandibular glands. This protein is
a serine type endopeptidase, which has been assumed to
protect mucosal cells in mouth and oesophagus against the
action of proteinases from microbial origin and/or ingested
with food [33].

In the present study only a limited number of proteins
were observed to differ with stimulation and/or among
breeds. Even some protein spots failed a positive identifi-
cation, which can be related to a lower number of proteins
present in curated protein databases, comparatively to other
species, such as humans. On the other hand, in this study,
dogs were available from pure breed kennels and some of the
differences observed for the different breeds can be done to
different types of dog food consumed. Further studies, with
a higher number of animals per breed, higher number of
breeds and controls for type of food, and other treatments
are necessary to have a better characterization of each breed
saliva proteome.

5. Conclusions

This work, in line with what was hypothesized, allowed us to
conclude that dog salivary protein composition is influenced
by different factors. Despite the need of procedures that allow
the collection of higher amounts of saliva, it is necessary
to be aware that techniques such as acid stimulation not
only induce higher salivary flow rates, but also change the
levels/proportion of various salivary proteins. It is also of
interest to retain that dog salivary proteome should be
considered according to dog breed, since this was observed
to be a factor responsible for variations in the proportion

of different salivary proteins. In fact, breed appears to have
even more influence than gender. Nevertheless, that does not
mean that gender should be ignored, in dog saliva analysis.
Despite males and females presenting minimal differences
in salivary profiles, in this study differences in the way each
gender responded to stimulation were observed.

From our knowledge this is one of the first studies
evaluating factors affecting dog saliva electrophoretic protein
profiles. More studies are needed to increase the knowledge
about dog saliva proteome, in order to use it in research and
diagnosis.

Data Availability
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available from the corresponding author upon request.
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Supplementary 1. Supplementary Figure 1: PLS-DA loading
plots (left) of the first two components for analysis of SDS-
PAGE bands of profiles from saliva collected with and
without acid stimulation in Beagles (a), Greyhound (b), and
Portuguese Podengo (c); for each case, variable importance in
the projection (VIP) is presented, with 1.5 score considered as
thresholder (right).

Supplementary 2. Supplementary Figure 2: PLS-DA loading
plots (left) of the first two components for analysis of protein
bands of salivary profiles from the different dog breeds.
Variable importance in the projection (VIP) is presented
(right).

Supplementary 3. Supplementary Figure 3: PLS-DA loading
plots (left) of the first two components for analysis of protein
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spots of salivary profiles from the different dog breeds.
Variable importance in the projection (VIP) is presented
(right).
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[31] C. San José, M. J. Cárcel, M. T. Tejedor, and L. V. Monteagudo,
“Microsatellite DNAmarkers applied to the classification of the
Podenco Valenciano canine breed,” Italian Journal of Animal
Science, vol. 17, no. 1, pp. 49–52, 2017.

[32] E.A.Ostrander andR.K.Wayne, “The canine genome,”Genome
Research, vol. 15, no. 12, pp. 1706–1716, 2005.

[33] H. Fritz, E. Jaumann, R. Meister, P. Pasquay, K. Hochstrasser,
and E. Fink, “Proteinase inhibitors from dog submandibular
glands—isolation, amino acid composition, inhibition spec-
trum,” in Proceedings of the International Research Conference
on Proteinas Inhibitors, pp. 257–270, Walter de Gruyter, Berlin,
Germany, 1970.





 

77 

 

COMPARATIVE PROTEOMIC ANALYSIS OF SALIVA FROM DOGS WITH 

AND WITHOUT OBESITY-RELATED METABOLIC DYSFUNTION 

 

Sónia Lucena
1,2

, Ana Varela Coelho
3
, Sandra I. Anjo

4,5
, Bruno Manadas

4
, 

Vladimir Mrljak
6
, Fernando Capela e Silva

1,7
, Elsa Lamy

1
, Asta Tvarijonaviciute

8 
1Instituto de Ciências Agrárias e Ambientais Mediterrânicas (ICAAM); 2Departamento de 

Medicina Veterinária, Escola de Ciências e Tecnologia, Universidade de Évora, Portugal; 
3Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, 

Portugal; 4CNC - Center for Neuroscience and Cell Biology, University of Coimbra, Portugal; 
5Faculty of Medicine, University of Coimbra, Portugal; 6Clinic for Internal Dieaases, Faculty 

of Veterinary Medicine, University of Zagreb, Heinzelova 55, 10 000 Zagreb, Croatia; 
7Departamento de Biologia, Escola de Ciências e Tecnologia, Universidade de Évora, 

Portugal; 8Interlab-UMU, Regional Campus of International Excellence Campus Mare 

Nostrum, University of Murcia, Murcia 30100, Espinardo, Spain. 

 

ABSTRACT 

Dogs develop only some of the components of the human metabolic syndrome (MetS). 

Thus, in order to study possible MetS-related alterations in dogs, human MetS criteria 

were adapted to define canine MetS or so called obesity-related metabolic dysfunction 

(ORMD). The main objective of this study was to identify changes in the salivary 

proteome of obese dogs with ORMD in comparison with obese dogs without ORMD 

which may constitute potential salivary biomarkers for assessing ORMD diagnosis in 

obese dogs. Twelve adult obese dogs without ORMD (N=6) and with ORMD (N=6) 

were included in the study. Body condition score was determined using a 5-point scale 

in both groups. Saliva samples were subjected to a quantitative proteomics analysis and 

the levels of eight salivary proteins were found to be significantly different between 

groups, among them those which had greatest fold-change were Kallikrein-1 precursor, 

GC, vitamin D binding protein and BPIFA2. In conclusion, the proteins identified in the 

present study, were related to obesity and/or type 2 diabetes, and suggested the 

implication of inflammation and prothrombotic state in dogs with ORMD. 

 

Key-words: dog, saliva, proteome, obesity, metabolic dysfunction 
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1. Introduction  

In humans, the term „metabolic syndrome‟ (MetS) describes a clustering of obesity 

(especially visceral obesity), hypertension, insulin resistance or hyperglycaemia, and 

hyperlipidaemia, especially increased fasting triglycerides and decreased High-Density 

Lipoprotein Cholesterol (HDL-C) [1]. The MetS itself causes no clinical signs, but 

comprises a set of important risk factors for diseases that cause morbidity and mortality 

in humans, including atherosclerosis, coronary heart disease, stroke, and type 2 diabetes 

[2]. Dogs develop some of the components of the human MetS: obesity [3], insulin 

resistance [4], increased blood pressure [5], and hyperlipidaemia [6]. Nevertheless, the 

most important consequences of the MetS in humans such as type 2 diabetes (T2D), 

stroke and coronary heart disease, either do not exist or are very rare in dogs suggesting 

that dogs could have protective mechanisms or that dogs lack pathophysiological 

elements present in humans [7]. In order to study possible MetS-related alterations in 

dogs, human MetS criteria were adapted to define canine MetS or so called obesity-

related metabolic dysfunction (ORMD) [8]. Approximately 20% of dogs with naturally 

occurring obesity were described to suffer ORMD [8] associated with insulin resistance 

and hypoadiponectinemia [8–10]. 

Saliva has gained interest for biomarker identification, mainly due to the non-invasive 

nature of its collection, at the same time that it contains glandular and blood-born 

molecules whose levels can change under different conditions [11]. In humans, various 

MetS biomarkers were found in saliva samples, such as salivary HDL-C and fasting 

glucose levels, adipokines (such as adiponectin, leptin, resistin) and proinflammatory 

markers such as C-reactive protein (CRP), insulin, ghrelin, tumour necrosis factor alpha 

(TNF-α), interleukins, either in adults or adolescents and children [12–14]. The results 

of those studies provide useful information about the development of this metabolic 

disease and establish that saliva may be a fluid of interest in the study of this syndrome 

[13]. 

In this study, we hypothesized that dogs with metabolic dysfunction could have a 

different salivary protein composition comparatively to dogs without ORMD. Thus, the 

main objective of this study was to identify changes in the salivary proteome in obese 

dogs with ORMD that can help to understand the metabolic/pathophysiological changes 

related to this condition together with the identification of potential biomarkers for its 

diagnosis.  
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2. Materials and methods 

2.1. Ethical note 

The study protocol adhered to the University of Murcia Animal Ethics Guidelines, and 

was approved by the University of Murcia Research Ethics Committee (323/2017) and 

Water, Agriculture, Livestock and Fisheries Counselling of Murcia Region Ethics 

Committee (A13170806). 

2.2. Dog population 

Six castrated adult obese dogs without ORMD (non-ORMD group) and six castrated 

adult obese dogs with ORMD (ORMD group) were included in the study. All dogs were 

evaluated for their general health status and only those that did not present signs of 

other than obesity diseases, were included in the study. CRP was measured in all dogs 

in order to discard active inflammation; only dogs with CRP < 12 mg/L were 

considered for the inclusion in the study. Body condition score (BCS) was determined 

using a validated 5-point body condition score system in both groups [15]. Blood 

pressure in all dogs was measured non-invasively using an oscillometric method. All 

dogs were fully conscious. A cuff of the appropriate size (e.g. the cuff chosen had a 

width of ~40% circumference of the leg) was placed on the right forelimb. Once the dog 

was calm and still, at least five systolic arterial pressure (SAP) readings were taken and 

averaged. The descriptive clinical data of dogs from both groups are detailed in Table 1. 

2.3. Definition of obesity-related metabolic dysfunction 

Dogs were considered as having ORMD if met previously described criteria [8]: (a) 

BCS 4-5/5; and (b) any two of the following: 1) plasma triglycerides >200 mg/dl; 2) 

plasma cholesterol >300 mg/dl; 3) SAP > 160 mmHg; 4) fasting plasma glucose >100 

mg/dl, or previously diagnosed diabetes mellitus [8]. 

2.4. Serum analysis 

Serum total cholesterol, triglycerides and glucose were measured in an automated 

biochemistry analyser (Olympus AU600, Beckman Coulter, Brea, USA) using 

commercially available reagents and following the instructions of the manufacturer. 

2.5. Saliva analysis 

2.5.1 Saliva collection 

Saliva samples were collected as previously described [16]. A sponge was placed in 

each dog‟s mouth, left in contact with the cheek mucosa for 1–2 min, and was then 

placed into the Salivette device for centrifugation (3000g, 10 min, 4ºC). After 
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centrifugation, saliva was transferred to 1.5mL polyethylene tubes and stored at -80°C 

until analysis. 

2.5.2. Total protein concentration 

Bradford method protein assay with BSA as the standard protein (Pierce Biotechnology, 

Rockford, IL, USA) was performed to determine the total protein concentration of each 

sample. Standards and samples were run in triplicate, in 96 wells microplates. 

Absorbance was read at 600 nm in a microplate reader (Glomax, Promega). 

2.5.3. Protein digestion in solution 

The volume of each saliva sample correspondent to a total of 50 µg of protein was 

added to 10 µL of 6M Urea, 50 mM ammonium bicarbonate (AB). Then 1 µL of NaOH 

0.5M was also added to adjust pH to 8-8.5. To perform the reduction 1.43 µL of 

dithiothreitol (DTT) 700 mM was added and the samples incubated for 1h at room 

temperature. Then alkylation was made adding 4.29 µL of iodoacetamida (IAA) 700 

mM, with a posterior incubation of 30 min at room temperature in the dark. To quench 

the excess of IAA 7.5 µL of 500 mM N-acetyl cysteine (NAC) was added to the 

samples and incubated for 15 min at room temperature. A volume of 486.8 µL of AB 

50mM was added to samples to dilute the urea concentration to 1 M. The digestion with 

10 µL of trypsin (stock 1µg / µL) added to each sample was done for 18 hours at 37 ºC. 

To stop digestion a volume of 3 µL of formic acid (FA) was added to each sample. 

Subsequently, a cleaning/concentration step was performed using OMIX C18 tips 

(Agilent Technologies), according to manufacturer recommendations, by passing the 

mixture through the tips and eluting the peptides by adding 70% acetonitrile (ACN) in 

0.1% FA solution. The flow was transferred to a new 1.5mL polyethylene tube and the 

mixture dried using a speed vac (LabConco, CentriVap micro IR). 

2.5.4. SWATH-MS analysis – data acquisition 

Saliva samples were analysed on a TripleTOF™ 6600 System (Sciex®) using 

information-dependent acquisition (IDA) of pooled samples for protein identification 

and Sequential Window Acquisition of All Theoretical Mass Spectra (SWATH-MS) 

acquisition of each individual sample for protein quantification [17]. Peptides were 

resolved by liquid chromatography (nanoLC Ultra 2D, Eksigent®) on a MicroLC 

column Halo Fuse Core™ (300 μm ID × 15 cm length, 2.7 μm particles, 90 Å pore size, 

Eksigent®) at 5μL/min with 45 min linear gradient from 5% to 30% of ACN in 0.1% 

FA and 5% DMSO. Peptides were eluted into the mass spectrometer using an 

electrospray ionization source (DuoSpray™ Source, ABSciex®) with a 50 μm internal 
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diameter (ID) stainless steel emitter (NewObjective). For IDA experiments, the mass 

spectrometer was set to scanning full spectra (m/z 350-1250) for 250 ms, followed by up 

to 100 MS/MS scans (m/z 100–1500 from a dynamic accumulation time – minimum 30 

ms for precursor above the intensity threshold of 2000 – in order to maintain a cycle 

time of 3.3 s). Candidate ions with a charge state between +2 and +5 and counts above a 

minimum threshold of 10 counts per second were isolated for fragmentation and one 

MS/MS spectra was collected before adding those ions to the exclusion list for 15 

seconds (mass spectrometer operated by Analyst® TF 1.7, Sciex®). Rolling collision 

was used with a collision energy spread of 5. For SWATH-MS based experiments, the 

mass spectrometer was operated in a looped product ion mode [18] and the same 

chromatographic conditions used as in the IDA run described above. A set of 168 

windows of variable width (containing an m/z of 1 for the window overlap) was 

constructed covering the precursor mass range of m/z 350-1250. A 50 ms survey scan 

(m/z 350-1250) was acquired at the beginning of each cycle for instrument calibration 

and SWATH MS/MS spectra were collected from m/z 100–1500 for 20 ms resulting in 

a cycle time of 3.29 s from the precursors ranging from m/z 350 to 1250. The collision 

energy (CE) applied to each m/z window was determined considering the appropriate 

CE for a +2 ion centred upon this window and the collision energy spread (CES) was 

also adapted to each m/z window. 

2.5.5. SWATH-MS data analysis – protein identification and quantification  

A specific library of precursor masses and fragment ions was created by combining all 

files from the IDA experiments (one pool per group of samples), and used for 

subsequent SWATH processing.  

Peptide identification and library generation were performed with ProteinPilot software 

(v5.0, Sciex®), using the following parameters: i) search against a database composed 

by the Uniprot‟s reference proteome UP000002254 from Canis lupus familiaris (85188 

entries, release at December  2017) and MBP-GFP; ii) iodoacetamide alkylated 

cysteines as fixed modification; iii) trypsin as digestion type. An independent False 

Discovery Rate (FDR) analysis, using the target-decoy approach provided by 

ProteinPilot™, was used to assess the quality of the identifications and confident 

identifications were considered when identified peptides and proteins reached a 5% 

local FDR [19,20]. Data processing was performed using SWATH™ processing plug-in 

for PeakView™ (v2.0.01, ABSciex®). After retention time adjustment using the MBP-

GFP peptides, up to 15 peptides, with up to 5 fragments each, were chosen per protein, 
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and quantitation was attempted for all proteins in library file that were identified from 

ProteinPilot™ search. Peptides‟ confidence threshold was determined based on a FDR 

analysis using the target-decoy approach and those that met the 1 % FDR threshold in at 

least three biological replicates were retained, and the peak areas of the target fragment 

ions of those peptides were extracted across the samples using an extracted-ion 

chromatogram (XIC) window of 4 minutes and 100 ppm error. The levels of the 

proteins were estimated by summing all the filtered transitions from all the filtered 

peptides for a given protein and normalized to the total intensity obtained in each 

sample. 

2.6. BLAST Search and Gene Ontology (GO) Classification  

Proteins for which differential accumulation was found by LC MS/MS analysis were 

submitted to functional classification by PANTHER (protein annotation through 

evolutionary relationship) (http://www.pantherdb.org/). Canis lupus familiaris was the 

selected organism. Molecular function and biological processes pie-charts were 

constructed. 

The BLAST program downloaded from The National Centre for Biotechnology 

Information (NCBI) was used for annotation of “uncharacterized proteins” and to assess 

homologies with proteins with known functions. 

2.7. Statistical analysis 

Each variable (i.e., quantified protein) was tested for normality using the Shapiro-Wilk 

test. Outlier‟s values were removed, when existent. Univariate analysis, for comparison 

of protein levels between ORMD and non-ORMD groups, was performed using the 

Student‟s t-test or the non-parametric Mann-Whitney test, depending if the data follow a 

normal distribution. Pearson test correlation was performed between baseline 

characteristics (triglycerides, cholesterol and glucose) and the two studied groups 

(ORMD and non-ORMD). Statistical significance was considered for p<0.05 and 

analysis procedures were achieved using the SPSS 21.0 software package (SPSS Inc., 

Chicago, USA). 

For Multivariate Analysis, partial least squares discriminant analysis (PLS-DA) was 

used taking into account the interdependence among proteins. Data normalization was 

performed by a pooled sample from group non-ORMD and cube root transformation 

was used. Discriminant variables selection was done using variable importance in the 

projection (VIP) with a threshold of 2.0. This was done using Metaboanalyst 4.0 [21]. 

 

http://www.pantherdb.org/
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3. Results  

3.1. Dog characteristics 

The baseline characteristics of dogs with and without ORMD included in the present 

study are shown in Table 1. Five dogs with ORMD presented total cholesterol above 

upper reference limit, five increased glucose concentrations; two dogs had increased 

serum triglycerides concentration, and one increased urine protein creatinine ratio 

concentration. None of them had increased SAP. Some of the dogs without ORMD 

presented also one of these parameters increased, but never two at the same time. No 

statistically significant changes were detected between the two groups in terms of age, 

body weight (BW), biochemical data and SAP. 

 

Table 1 The baseline characteristics of dogs included in salivary proteomic study with and 

without obesity-related metabolic dysfunction (ORMD). 

Variable  Non-ORMD  ORMD P 

Breed  German Shepherd, 
Mongrel  

Beagle, Mongrel, Shih Tzu, 
Scotish terrier, Cocker spaniel  

 

Age, years 6.75 (2.5-11) 8 (3-11.6) 0.228 
Sex 3 females and 3 males 3 females and 3 males  
Body condition score, 5- point 
scale 

4  5   

Body Weight, kg 15.75 (8.85-24.7) 11.95 (8.7-18.7) 0.254 
Total cholesterol, mg/dL 244.5(209-649) 381 (269-433) 0.119 
Triglycerides, mg/dL 83.5 (66-96) 88 (69.7-355) 0.333 
Glucose,  mg/dL 94 (82-144) 107.45 (90-111) 0.083 
Systolic arterial pressure (SAP) 140.9 (137.3-157.5) 139.75 (94.5-149) 0.329 
Data are presented as median (interquartile range). P is from Mann-Whitney U with statistically 

significant differences being considered for P<0.05.  

 

3.2. Salivary proteomics 

In the present study, 300 proteins were identified in dog saliva (Supplementary Table 

1). These proteins have different molecular functions, with 47.3% having catalytic 

activity and 37.2% being involved in binding. A lesser percentage of dog salivary 

proteins have diverse molecular functions, such as structural molecule activity (6.9%), 

antioxidant (4.8%), signal transducer (1.6%), receptor (1.1%) and translation regulator 

(1.1%) activities. From the proteins identified, 28.3% are involved in cellular processes 

and 24.1% in metabolic processes (Supplementary Figure 1). To the best of author‟s 

knowledge, 51 of the identified proteins were not previously reported in canine saliva 

(Supplementary Table 2).  
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Amongst the identified proteins, 257 were quantified, and their salivary levels were 

correlated with serum concentrations of triglycerides, cholesterol and glucose, from 

which 14%, 5% and 1.2% were, correlated with triglycerides, cholesterol and glucose, 

respectively (Supplementary Table 3 and Supplementary Figure 2 and 3). The majority 

of these proteins have a catalytic activity (45.9%) and/or are involved in binding 

(43.2%), and with lesser percentage having structural molecule (8%) and antioxidant 

(3%) activities. 

The levels of salivary proteins correlated positively with total cholesterol levels in 

serum, with the exception of the superoxide dismutase and uncharacterized protein 

(E2R886 – with almost 80% sequence homology with Kininogen 1 from different 

mammalian species) that showed negatively correlation. Salivary proteins significantly 

associated with serum total cholesterol were involved in binding (45.5%), and catalytic 

activity (36.4%). A high percentage of salivary proteins that correlated with serum 

triglyceride concentrations (31%) were involved in metabolic processes, although the 

proteins that showed strongest correlations were proteins with catalytic activity, namely 

elastase neutrophil expressed (R=0.852), thioredoxin (R=0.862), peptidyl-prolyl cis-

trans isomerase (R=0.867) and protein S100 (R=0.919). 

Univariate analysis of the 257 quantified proteins revealed eight proteins with 

significant differential levels between the two study groups (Table 2). These proteins 

were related to hydrolase/peptidase and reductase enzymatic pathways and with 

transport and storage functions. Most of these proteins levels were decreased in the 

ORMD group and only Kallikrein-1 precursor (F1Q0B9) level was found to be 

increased in this group. 

 

Table 2 Salivary proteins with significantly different abundance between dogs with (ORMD) 
and without metabolic dysfunction (non-ORMD) and proteins that contributed to the clustering 
of group‟s by multivariate PLS-DA model. 
Protein Name Accession 

Number 
(Uniprot) 

Max no. 
peptides 

Protein function Fold-change 
(ratio 

ORMD/non-
ORMD) 

p 

Leukotriene A(4) 
hydrolase 

F6Y290 1 Hydrolysis of 
Leukotriene A4 [22] 
 

0.21 0.021* 

Kallikrein-1 precursor F1Q0B9 11 kallikrein – kinin system 
[23] 

1.86 0.021* 

Biliverdin reductase B E2QVU9 3 Reduce flavins and 
biliverdin [24] 

0.27 0.027* 

Carbonic Anhydrase I F1PBK6 1 Ion transport and host 
defence [25,26] 

0.26 0.011* 

GC, vitamin D binding F1P841 7 Transport and storage 0.48 0.045* 
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protein [27] 
¡ Secretoglobin family 
1D member 4 

A0A2K6Q
VB0 

4 IgE-binding protein [28] 0.08 0.020* 

¡ Hemoglobin subunit 
beta-like 

P60524 3 Transport of oxygen, 
carbon dioxide, nitric 
oxide [29] 

0.09 0.024* 

Allergen Feld 4-like 
precursor 

F1Q3K7 15 IgE-binding protein [30] 0.49 0.037* 

# Uncharacterized 
protein 

J9NXL3 15  0.1 # 

# BPI fold containing 
family A member 2 

E2QXJ0 15 Innate immune response 
and olfaction [31] 

0.53 # 

*Statistical significant differences for univariate analysis (p<0.05). P is from Student‟s t-test or the non-

parametric Mann-Whitney test. 

# Proteins without statistically significant differences between the studied groups, but which contributed 

to the clustering of group‟s by multivariate PLS-DA model.  

¡ Proteins identified through BLAST analysis. 

 

The multivariate PLS-DA model shows a clear separation of the experimental groups 

(ORMD vs. non-ORMD) (Figure 1). The proteins that mostly contributed to this 

separation (VIP≥2) were BPI fold containing family A member 2 (E2QXJ0), allergen 

Fel d 4-like precursor (F1Q3K7) and an uncharacterized protein (J9NXL3) (Figure 2). 

All these proteins were decreased in ORMD group. BLAST analysis revealed that the 

identified “uncharacterized protein” (J9NXL3) presented 100% homology with the 

haemoglobin alpha subunit from Canis lupus familiaris. 

Furthermore, the BLAST analysis showed that the uncharacterized protein (J9P7B6) 

had 73% homology of the sequence with a secretoglobin family 1D member 4, from 

Rhinopithecus roxellana (golden snub-nosed monkey). Concerning the uncharacterized 

protein (J9JHZ3), the same type of analysis allowed an observation of 95.4% homology 

with haemoglobin subunit beta-like, from Canis lupus familiaris. 
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Figure 1 - Partial Least Square Determinant Analysis (PLS-DA) model for all dog saliva 
samples [ORMD (n=6,) vs. non-ORMD (n=6, +)]. X and Y axis show principal component 1 
(PC1) and principal component 2 (PC2), respectively, and the contribution of each of them for 
explaining the total variance. 

 

Figure 2 - Variable Importance in Projection (VIP) represents the contribution score of the 
proteins that mostly contribute to the separation between Non-ORMD and ORMD groups. The 
black and white boxes on the right indicate the relative concentrations of the corresponding 
protein in each group under study.1 – Non-ORMD; 2 –ORMD 
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4. Discussion 

This is the first study evaluating the salivary proteome in obese dogs with and without 

obesity-related metabolic dysfunction (ORMD and non-ORMD, respectively). 

In the present study, 83% of the detected proteins were reported previously in canine 

saliva using proteomic approaches [32]. While 51 identified proteins have never been 

reported before for dog saliva. Some differences in the results could be attributed to 

different methodologies and different dog breeds used among the diverse studies, since 

different salivary proteomes were described in dogs of different breeds [32-34]. 

In the present work, correlations between some of the salivary proteins and total serum 

cholesterol and/or triglycerides were detected. The proteins presenting a strongest 

correlation included elastase neutrophil expressed, thioredoxin, peptidyl-prolylcis-trans 

isomerase (Pin1) and protein S100. All these proteins were previously related to 

dyslipidaemia and/or inflammatory processes. Elastase neutrophil protein (NE) was 

identified within the atherosclerotic plaque suggesting a role in positive arterial 

remodelling or in promotion of atherosclerotic plaque rupture in humans subjects [35]. 

It is predominantly present in neutrophils and has an important role in defence against 

infection. In addition to its classic substrate, elastin, NE can also digest a number of 

other biologically important proteins, such as collagens type I-IV and VI, fibronectin, 

laminin and other extra cellular matrix components [35]. Thioredoxin protein has been 

reported as an antioxidant which combined with others antioxidant proteins leads to 

cancer cell death in vitro and in vivo, demonstrating the importance of this antioxidant 

to tumour progression and as potential target for therapeutic intervention in humans 

[36]. Peptidyl-prolylcis-trans isomerase (Pin1) protein enhanced the uptake of 

triglycerides and the differentiation of fibroblasts cells into adipose cells in response to 

insulin stimulation [37]. Pin1 down-regulation was reported that could be a potential 

approach in human‟s obesity-related dysfunctions, such as in conditions like high blood 

pressure and diabetes. S100 proteins are found both intra cells and extracellularlyand 

are often named S100/calgranulins [38]. These proteins have a variety of target proteins 

and receptors and are involved in several functions, such as cellular proliferation and 

differentiation, energy metabolism, calcium homeostasis, regulation of the cell 

cytoskeleton, apoptosis, and inflammation [38]. S100A12 is a member of the S100 

family being associated with coronary atherosclerosis, diabetes mellitus, and chronic 

kidney disease [38]. Moreover, this protein has also been linked to several autoimmune 
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diseases such as rheumatoid and psoriatic arthritis and to cardiovascular complications 

in lupus [38]. 

Univariate analysis allowed the observation of eight salivary proteins differently in their 

abundance between groups. Leukotriene A(4) hydrolase (LTA4H) was increased in 

ORMD dogs. This protein is responsible for the hydrolysis of leukotriene A4 to 

leukotriene B4, which are biologically active metabolites of arachidonic acid that act as 

potent lipid mediators implicated in a range of acute and chronic inflammatory diseases 

such as asthma and rhinitis [39]. LTA4H is a monomeric, soluble intracellular 69-kDa 

zinc metallohydrolase and it has a bi-functional nature using either a peptidase or a 

hydrolase pathway [39]. In studies with humans, this protein presented abundant levels 

in tissues of individuals with atherosclerotic lesions and their levels correlated with 

symptoms of atherosclerotic plaque instability [40]. The increase LTA4H verified in 

ORMD group, in the present study, could be related to the presence of a low grade 

inflammatory state in obese dogs with metabolic dysfunction. Further studies are 

needed to confirm or deny this observation. 

In the present study, Carbonic anhydrase I (CA I) was another salivary protein observed 

to be lower levels in ORMD dogs. Carbonic anhydrases (CA) are metals-enzymes 

containing zinc that catalyses the rapid hydration of bicarbonate and the dehydration of 

carbonic acid. At least, 16 distinct isoenzymes of CA have been identified in mammals 

[41]. The decreased levels of CAI in the saliva samples of the ORMD dogs are in 

accordance with previous results in humans, where decreases in the serum activity of 

CAI have been associated with the altered metabolism, especially in type 2 diabetes 

mellitus [42]. More studies are needed to clarify the association of CA I in saliva with 

ORMD and other obesity-related pathologies in dogs. 

Biliverdin reductase B (BVRB), another protein identified in the present study was 

decreased in dogs suffering from ORMD, is an isozyme that belongs to biliverdin 

reductase (BVR) protein family along with biliverdin reductase A (BVRA) [43]. These 

two isozymes are major regulators of metabolic processes. Just for instance, in 

mammals, BVR is responsible for reducing rapidly biliverdin to bilirubin, which is 

produced by hemodegradation [44]. In humans, decreased plasma levels of bilirubin and 

BVR were associated with increased adipocyte size and decreased production of anti-

inflammatory adipokines (e.g. adiponectin) resulting in increased risk of T2D and 

coronary artery disease (CVD) [45]. 
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Gc vitamin D-binding (VDBP) protein was decreased in saliva of ORMD dogs in 

present study. This protein is a 52–59 kDa serum glycoprotein, from albumin 

superfamily, which is secreted by monocytes and the liver [46]. VDBP was previously 

identified in human saliva samples [47]. However, to our knowledge, the X3 was the 

only isoform of this protein previously reported in dog saliva [32]. The physiological 

functions of the VDBP include vitamin D (VD) and its metabolites transport and 

storage, fatty acid transport, scavenging of extracellular G-actin and enhancement of the 

chemotactic activity for neutrophils in inflammation and macrophage activation [27]. 

The lower levels of VDBP in the ORMD group, goes in accordance with recent studies, 

both in humans and mice, which observed lower blood levels of VDBP and VD in 

diabetes [48]. 

Kallikreins (KLK) are a group of serine proteases that are present in diverse tissues and 

biological fluids [23]. KLK1 (plasma kallikrein) and prekallikrein (kallikrein precursor, 

PK) has already been reported both in human and dogs saliva samples [32,49]. The 

plasma „kallikrein/kinin system‟ (KKS) refers to KAL cleavage high-molecular-weight 

kininogen (HK) to liberate a biologically active peptide, bradykinin (BK). The KKS is 

an inflammatory response mechanism since it‟s activation occurs in inflammatory states 

with little clinical thrombin formation [23]. Studies in mice, showed that activation of 

the KKS result in the activation of a defence system that responds to foreign materials 

and several disease states [50]. In this study PK was increased in the ORMD group 

which might be related to low grade chronic inflammatory state. Moreover, according to 

Feener et al. [51], KKS has been associated with coagulation, vascular, and metabolic 

abnormalities in diabetes mellitus. On the other hand, the presence of prolylcarboxy 

peptidase and circulating microparticles which activate PK in KAL have been related to 

patients with metabolic syndrome, obesity and diabetes mellitus [52]. 

Through PLS-DA it was also observed the contribution of Bactericidal/permeability 

increasing protein fold containing family A member 2 (BPIFA2) and a protein homolog 

of haemoglobin subunit alpha to separate the two groups (ORMD vs. Non ORMD). BPI 

fold-containing family A member 2 (BPIFA2) has already been reported in both dog 

and human saliva samples [32,33]. This antimicrobial peptides from the lipid 

transfer/lipopolysaccharide binding protein (LT/LBP) gene family of the innate immune 

response is involved in the recognition of bacterial products (Gram-negative bacteria), 

and activation of phagocytic cells and olfaction [31]. In humans, BPIFA2 has already 

been associated with proliferative diabetic retinopathy (PDR) and its severity in T2D, 
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being suggested that the up-regulation of BPIFA2 has the potential to be considered a 

salivary biomarker of these diseases [53]. In dogs saliva this protein has been reported 

as parotid secretory protein which is involved in mucosal host defence and considered a 

major allergen IgE-binding protein [30]. In the present work, BPIFA2 was decreased in 

the ORMD group, suggesting that innate immune response may be compromised in 

dogs with ORMD. Other hypothesis could be related to olfaction disorders in dogs with 

ORMD since smell dysfunction has been associated both with age and degenerative 

complications of diabetes in humans subjects [54]. In dogs, further research is needed to 

better understand the possible negative association between BPIFA2 and dogs with 

ORMD. 

The limitations of this study include a relatively low number of animals used, although 

it is in line with previously reported studies based on proteomic approach [33]. 

Furthermore, the included animals were from different households with different diets, 

environmental conditions and care. However, this permitted to evaluate a naturally 

occurring ORMD and get a true clinical picture. Furthermore, ideally a validation of the 

analytes of interest detected in this study would be desirable in a population of 200-300 

dogs, with ORMD, to get an estimated power of 75%. 

 

5. Conclusion 

In the present study, direct correlation between abundance of some salivary proteins and 

serum total cholesterol and triglycerides were detected, suggesting the direct 

relationship between saliva and serum in dogs. When salivary proteomes of dogs with 

and without ORMD were compared, eight proteins with different abundance levels were 

identified, namely LTA4H, CAI, BVRB, VDPB, Allergen Feld 4-like precursor and PK. 

Furthermore, multivariate PLS-DA model permitted inclusion of one additional protein 

(BPIFA2) responsible for clustering non-ORMD and ORMD groups. The identified 

proteins were related to obesity and/or type 2 diabetes, and suggested the implication of 

inflammation and prothrombotic state in dogs with ORMD. However, further long-scale 

studies are needed to confirm these findings and to increase the knowledge about 

possible associations between these proteins and ORMD in dogs, and to identify the 

possible differences between human and canine metabolic syndrome.  
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ABSTRACT 

Obesity has become probably the most important health issue of humans and pet dogs, 

with a dramatic increase of prevalence in both all over the world. The aim of this study 

was to investigate changes in the salivary proteome of obese dogs after induced weight 

loss and to identify the salivary proteins related to this weight loss. Five obese neutered 

males of pure breed Beagles were used. The weight loss protocol over a 3 month period 

was based on one previously described. Serum and saliva analysis were performed to all 

dogs before and after weight loss. Quantitative proteomics analysis using SWATH-MS 

was used to evaluate the salivary proteome changes induced by weight loss. Among the 

23 salivary proteins changed after weight loss, the levels of four of them, which are 

related with immune system, inflammation status, oxidative stress and glucose 

metabolism, were strongly correlated with weight loss percentage. These were peptidyl-

prolyl cis-trans isomerase, fructose-bisphosphate aldolase C, 78kDa glucose regulated 

protein and Angiopoietin-like 5. The first three were negatively correlated, whereas 

angiopoietin-like 5 was increased in the animals loosing higher body weight percentage. 

These variations suggest that weight loss results in improved physiological status in 

dogs. 

 

Key words: dog, saliva, proteome, obesity, weight loss 
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1. Introduction 

During the last 20 years obesity became one of the most important health issue of 

humans and pet dogs, with a dramatic increase of prevalence world-wide (1). In 

European countries, recent estimates suggest that 22–56% of dogs are overweight/obese 

(2).  

The list of health problems associated with obesity in dogs is increasing with new 

studies identifying relationships between alterations in adipokines and disorders such as 

osteoarthritis, respiratory distress, abnormalities in circulating lipid profiles, diabetes 

mellitus, hypertension, dystocia, heat intolerance, urinary and reproductive disorders, 

some forms of cancer and dermatological diseases, as well as anaesthetic complications 

(3). These pathologies not only shorten the expected lifespan of the affected animals, 

but also reduce their health-related quality of life (3). Thus, the prevention and 

management of obesity is essential (4). Controlled weight loss in obese dogs was 

considered challenging (5), but it was associated with improved metabolism, especially 

in inflammation and in insulin resistance-related parameters (6–8) resulting in alleviated 

obesity-related pathologies (9). 

Proteomic analyses of serum have been used to compare healthy and obese conditions 

in dogs and humans, as well as the effect of weight loss. Data observed in serum of dogs 

submitted to an experimental weight loss suggested improved insulin resistance and 

inflammatory status (6,7). Moreover, the identified proteins (retinol binding protein 4, 

clusterin, among others) were suggested to be potential biomarkers of obesity and its 

metabolic comorbidities, as well as measurement of therapeutic effectiveness of weight 

loss. 

In the last years, saliva proved to be a bio-fluid of interest in physiology and 

pathophysiology studies. The main benefits of saliva are the non-invasive nature of its 

collection, and at the same time, its content in glandular and blood-born molecules that 

can change under different conditions (10). The potential of saliva as a source of 

biomarkers of inflammation, such as C-reactive protein, tumour necrosis factor-α, 

interleukin-6 and interferon-γ, and insulin resistance, such as insulin and glucose, has 

been also reported in humans saliva (11,12). In human medicine, obesity-related 

changes in salivary proteome as well as changes after weight loss have been studied 

reporting alterations in proteins involved in taste perception among others (13–15). 

However, to the best of authors‟ knowledge, the effect of weight loss in salivary 

proteome of obese dogs has not been previously studied.  
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The aim of this study was to investigate changes in the salivary proteome of obese 

Beagle dogs undergoing weight loss in order to identify the salivary proteins that could 

reflect the physiological changes occurring during weight loss and serve as potential 

non-invasive biomarkers associated with overweight/obesity.  

 

2. Materials and methods 

2.1. Ethical note 

The study protocol adhered to the University of Murcia Animal Ethics Guidelines, and 

was approved by the University of Murcia Research Ethics Committee (323/2017) and 

Water, Agriculture, Livestock and Fisheries Counselling of Murcia Region Ethics 

Committee (A13170806). 

2.2. Dog population 

Five neutered male Beagle dogs with ages ranging from 1 to 4 years were used in the 

study. At the beginning of this experiment, all animals were obese with body weight 

(BW) ranging from 14 to 22 kg and Body Condition Score (BCSs) from 4 to 5, on a 

validated 5-point scale of BCSs system (16). Physical examination with complete blood 

count (CBC) and complete serum biochemistry were performed to all dogs weekly in 

order to discard other than obesity pathologies and acute inflammation. 

2.3. Weight loss protocol 

The weight loss program over a 3 month period followed a previously defined protocol 

(8). In brief, the dogs received a strictly controlled amount of a hypo-energetic 

commercial diet (Obesity Management, Royal Canin) once daily with the aim to induce 

a rapid weight loss (2–3% of BW/week), yet providing minimal protein requirements 

(17). Drinking water was available ad libitum. BCSs and BWs were assessed weekly. 

Saliva and serum samples were collected from all dogs before (PRE) and after (POST) 

weight loss period the morning after overnight fast. 

2.4.Serum analysis 
For serum total cholesterol, triglycerides and glucose analysis, blood samples were 

collected the morning after an overnight fast of at least 12 h by puncture of the jugular 

or saphenous vein and placed in tubes containing a clotting accelerator (TapVal; 

Aquisel, Barcelona, Spain). Samples were centrifuged at 2000 3 g for 10 min at room 

temperature to obtain serum, which was passed to plastic vials and analyzed in fresh. 

Serum total cholesterol, triglycerides and glucose were measured in the automated 
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biochemistry analyser (Olympus AU600, Beckman Coulter, Brea, USA) using 

commercially available reagents and following the instructions of the manufacturer. 

2.5. Saliva analysis 

2.5.1. Saliva collection  

Saliva samples were collected by placing a sponge in each dog‟s mouth during 1–2 min, 

which was then passed into the Salivette device for centrifugation (3000g, 10 min, 4ºC) 

(18). Afterwards, saliva present in the lower part of device was transferred to 

polyethylene tubes and stored at -80°C until analysis. 

2.5.2. Total protein concentration 

Bradford protein assay, with BSA as the standard protein (Pierce Biotechnology, 

Rockford, IL, USA), was performed to determine the total protein concentration of each 

sample. Different dilutions of the standards and samples were run in triplicate, in 96 

wells microplates. Absorbance was read at 600 nm in a microplate reader (Glomax, 

Promega). 

2.5.3. Protein digestion in solution 

The volume of each saliva sample correspondent to a total of 50 µg of protein was 

added to 10 µL of 6M Urea 50mM ammonium bicarbonate. Then 1 µL of NaOH 0.5M 

was also added to adjust pH to 8-8.5. To perform the reduction 1.43 µL of ditiotreitol 

(DTT) 700 mM was added and the samples incubated for 1h at room temperature. Then 

alkylation was made adding 4.29 µL of iodoacetamide (IAA) 700 mM, with a posterior 

incubation of 30 min at room temperature in the dark. To quench the excess of IAA, 7.5 

µL of N-acetyl cysteine (NAC) 500 mM was added to the samples and incubated for 15 

min at room temperature. A volume of 486.76 µL of ammonium bicarbonate 50mM was 

added to samples to dilute the urea concentration to 1 M. The digestion with 10 µL of 

trypsin in HCl 1mM (stock 1µg/µL) added to each sample was done overnight at 37ºC. 

To stop digestion a volume of 3.05 µL of formic acid (FA) was added to each sample. 

Subsequently, a cleaning/concentration step was performed using OMIX C18 tips 

(Agilent Technologies), according to manufacturer recommendations, by passing the 

mixture through the tips and eluting the peptides by adding 70% acetonitrile (ACN) in 

0.1% FA solution. The flow was transferred to a new 1.5mL polyethylene tube and the 

mixture allowed to dry using a speed vac (LabConco, CentriVap micro IR). 

2.5.4. SWATH-MS analysis – data acquisition  

Saliva samples were analysed on a TripleTOF™ 6600 System (Sciex®) using 

information-dependent acquisition (IDA) of pooled samples for protein identification 
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and Sequential Window Acquisition of All Theoretical Mass Spectra (SWATH-MS) 

acquisition of each individual sample for protein quantification (19). Peptides were 

resolved by liquid chromatography (nanoLC Ultra 2D, Eksigent®) on a MicroLC 

column Halo Fuse Core™ (300 μm ID × 15 cm length, 2.7 μm particles, 90 Å pore size, 

Eksigent®) at 5μL/min with 45 min linear gradient from 5% of ACN in 0.1% FA and 

5% dimethyl sulfoxide (DMSO). Peptides were eluted into the mass spectrometer using 

an electrospray ionization source (DuoSpray™ Source, ABSciex®) with a 50 μm 

internal diameter (ID) stainless steel emitter (NewObjective). For IDA experiments, the 

mass spectrometer was set to scanning full spectra (m/z 350-1250) for 250 ms, followed 

by up to 100 MS/MS scans (m/z 100–1500 from a dynamic accumulation time – 

minimum 30 ms for precursor above the intensity threshold of 2000 – in order to 

maintain a cycle time of 3.3 s). Candidate ions with a charge state between +2 and +5 

and counts above a minimum threshold of 10 counts per second were isolated for 

fragmentation and one MS/MS spectra was collected before adding those ions to the 

exclusion list for 15 seconds (mass spectrometer operated by Analyst® TF 1.7, Sciex®). 

Rolling collision was used with a collision energy spread of 5. For SWATH-MS based 

experiments, the mass spectrometer was operated in a looped product ion mode (20) and 

the same chromatographic conditions used as in the IDA run described above. A set of 

168 windows of variable width (containing an m/z of 1 for the window overlap) was 

constructed covering the precursor mass range of m/z 350-1250. A 50 ms survey scan 

(m/z 350-1250) was acquired at the beginning of each cycle for instrument calibration 

and SWATH MS/MS spectra were collected from m/z 100–1500 for 20 ms resulting in 

a cycle time of 3.29 s from the precursors ranging from m/z 350 to 1250. The collision 

energy (CE) applied to each m/z window was determined considering the appropriate 

CE for a +2 ion centred upon this window and the collision energy spread (CES) was 

also adapted to each m/z window.  

2.5.5. SWATH-MS data analysis – protein identification and quantification. 

A specific library of precursor masses and fragment ions was created by combining all 

files from the IDA experiments (one pool per group of samples), and used for 

subsequent SWATH processing.  

Peptide identification and library generation were performed with ProteinPilot software 

(v5.0, Sciex®), using the following parameters: i) search against a database composed 

by the Uniprot‟s reference proteome UP000002254 from Canis lupus familiaris (85188 

entries, release at December 2017) and MBP-GFP ii) iodoacetamide alkylated cysteines 
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as fixed modification; iii) trypsin as digestion type. An independent False Discovery 

Rate (FDR) analysis, using the target-decoy approach provided by ProteinPilot™, was 

used to assess the quality of the identifications and confident identifications were 

considered when identified proteins reached a 5% local FDR (21,22). Data processing 

was performed using sequential window acquisition of all theoretical fragment-ion 

spectra (SWATHTM) processing plug-in for PeakViewTM (v2.0.01, ABSciex®). After 

retention time adjustment using the malE-GFP peptides, up to 15 peptides, with up to 5 

fragments each, were chosen per protein, and quantitation was attempted for all proteins 

in library file that were identified from ProteinPilotTM searches. Peptides‟ confidence 

threshold was determined based on a FDR analysis using the target-decoy approach and 

those that met the 1% FDR threshold in at least three biological replicates were retained, 

and the peak areas of the target fragment ions of those peptides were extracted across 

the experiments using an extracted-ion chromatogram (XIC) window of 4 minutes with 

100 ppm XIC width. The levels of the proteins were estimated by summing all the 

filtered transitions from all the filtered peptides for a given protein and normalized to 

the total intensity obtained for samples. 

2.6. BLAST Search and Gene Ontology (GO) Classification 

The list of the identified proteins was submitted to gene function analysis by using the 

PANTHER (protein annotation through evolutionary relationship) classification system 

(http://www.pantherdb.org/) and Canis lupus familiaris selected as the organism. 

Molecular function and biological processes pie-charts were constructed. 

The BLAST program downloaded from NCBI was used for annotation of 

“uncharacterized proteins” and to assess homologies with proteins with known 

functions. 

2.7. Statistical analysis 

Due to the reduced number of animals, Wilcoxon test (related samples) was used for 

comparison between before (PRE) and after (POST) BW loss. Spearman correlation test 

was performed between the levels of the salivary proteins changed after weight loss and 

the percentage of BW loose (n=5), as well as, between the levels of salivary proteins 

and serum biochemical data (total cholesterol, triglycerides, and glucose) collected in 

both periods. Statistical significance was considered for p<0.05. All statistical analysis 

procedures were achieved using the SPSS 21.0 software package (SPSS Inc., Chicago, 

USA).  
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For Multivariate Analysis, partial least squares discriminant analysis (PLS-DA) was 

used, to test the possibility of interdependence among some proteins using 

Metaboanalyst 4.0 (23). Data normalization was performed by a pooled sample from 

group PRE BW loss and auto scaling was used. Discriminant variables selection was 

done using variable importance in the projection (VIP) with a threshold of 1.5. 

 

3. Results  

3.1. Dog characteristics 

Weight loss protocol resulted in BW loss of 10 to 21.3% (mean, 16.8 %). The baseline 

characteristics of dogs, before and after weight loss are shown in Table 1. Statistically 

significant changes were detected in BCSs, BW and serum total cholesterol 

concentration. 

 

Table 1. Characteristics of dogs before (PRE) and after (POST) a 3 month period of 

experimentally-induced weight loss. 

Parameter PRE 

Median; Mean (Range) 

POST 

Median; Mean (Range) 

p-value 

Body condition score, BCS 4.5 3.5 0.024* 

Body weight, Kg 17.2; 17.7 (14-21.6) 13.9; 14.66 (12.60-17.00) 0.0048* 

Triglycerides, mg/dL 70.4; 88.28 (61.12 – 135.90) 92.2; 88.27 (48.00 – 127.50) 0.68 

Total Cholesterol, mg/dL 183.4; 214.5 (178.4 – 271.6) 131.7; 154.0 (109.4 – 206.1) 0.043* 

Glucose, mg/dL 86.2; 85.8 (79.5 – 93.7) 85.4; 82.94 (74.30 – 90.70) 0.080 

P is from Wilcoxon (2 related samples). *Statistically significant differences for p<0.05. 

 

3.2. Salivary proteomics 

In the present study, 248 proteins were quantified in dog saliva (Supplementary Table 

1). These proteins have catalytic activity (48.3%) and binding  functions (35.6%), being 

involved in cellular (27.1%) and metabolic (23.8%) processes, in response to stimulus 

(11.4%), cellular component organization or biogenesis (9.2%), biological regulation 

(7.7%) and localization (6.6%), among others (Supplementary Figures 1,2).  

Out of all identified proteins in saliva, 21.8%, 23.4% and 29% were correlated with 

triglycerides, cholesterol and glucose, respectively (Supplementary Table 2 and 

Supplementary Figures 3 and 4). The proteins correlated with triglycerides have a 

catalytic activity (43.8%) and are involved in binding (40.6%), and with lesser 

percentage having structural molecule (6.3%), antioxidant (6.3%) and receptor (3.1%) 
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activities. The proteins correlated with total cholesterol have also a great proportion 

involved in catalytic activity (45.2%) and in binding (35.7%), and with lesser 

percentage involved in structural molecule (11.9%), antioxidant (2.4%), receptor (2.4%) 

and signal transducer (2.4%) activities. The proteins correlated with glucose, as well as 

the others ones, have a catalytic activity (46.9%) and are involved in binding (37.4%), 

structural molecule (10.2%), antioxidant (4.1%), receptor (2%) and translation regulator 

(2.0%) activities. 

The levels of 21 salivary proteins were simultaneously positively correlated with serum 

triglycerides (all of them with R=1.0) and negatively correlated with total cholesterol 

and glucose (all of them with R=-1.0), among which joining chain of multimeric IgA 

and IgM and matrix metalloproteinase were identified (Supplementary Table 2). The 

levels of another 18 salivary proteins were correlated with both cholesterol and glucose 

concentrations in serum, among which actinin alpha 4 (both negatively), NAD(P) H 

quinone dehydrogenase 1 (both negatively), peptidyl-prolyl cis trans-cis isomerase 

(both negatively) and GC, vitamin D binding protein and stratifin (positively correlated 

with cholesterol and negatively correlated with glucose) showed strongest correlations 

(Supplementary Table 2). The levels of the protein clusterin were only correlated with 

serum total cholesterol concentration, being this correlation strongly positive, whereas 

ankyrin repeat domain 13B presented a strong negative correlation. On the other hand, 

the levels of antioxidant 1 copper transport protein (copper transport protein ATOX1) 

and 27 referred in Table 2 were strongly correlated only with triglycerides. 

 

Univariate analysis of proteomic data revealed 23 proteins that were significantly 

different in their abundance between PRE and POST BW loss (Table 2). Through 

Panther Classification System (PCS),  these proteins were related to several biological 

processes: biological adhesion (n=1) and regulation (n=2), cellular component 

organization or biogenesis (n=2), cellular (n=6; communication, cycle and recognition), 

developmental (n=1; mesoderm development) , immune system (n=1), localization 

(n=2; transport), metabolic (n=4; catabolic process, nitrogen compound metabolic 

process, phosphate-containing compound metabolic process, primary metabolic 

process) and multicellular organismal (n=1; single-multicellular organism process) , and 

response to stimulus (n=2; defence response to bacterium, immune response, response 

to biotic and abiotic stimulus and to stress) (Supplementary Figure 5). These proteins 

have different molecular functions, with 27.3% having catalytic activity, 63.6% being 
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involved in binding and 9.1% in structural molecule activity (Supplementary Figure 6). 

Almost all of these proteins were increased after weight loss, except Tubulin beta 1 

class VI (J9P716), which decreased. 

 
Table 2. Mass spectrometry (LC-MS/MS) identification of the salivary proteins of obese 
Beagles changed after a 3 month period of experimentally-induced body weight loss. 
Protein Name  
 

Accession 
Number 

(Uniprot) 

Max.no. 
of 

quantifi
ed 

peptides 

Protein function 
 

Fold-change 
(ratio 

POST/PRE) 

p-value 

Peptidyl-prolyl cis-
trans isomerase  

J9NV93 3 IgE antibodies binding and 
chemotactic activity 

5 0.043a 

Ankyrin repeat 
domain 13B  

J9P1D5 1 Binding activity (24) 5 0.043a 

Carboxypeptidase D  E2R830 1 Metallopeptidase and 
serine-type activity 

2.5 0.043a 

Immunoglobulin 
heavy constant Alpha 
1-related  

J9P9J6 15 Antigen and receptor 
binding 

2.94 0.043a 

Polymeric 
Immunoglobulin 
receptor (pIgR) 

F6Y6T8 14 Transport of polymeric Igs 2.54 0.043a 

Minor allergen Can f 
2     

O18874 14 Binding activity, isomerase 2.9 0.043a 

†Angiopoietin-like 5 G9KZX8 15 Regulation of glucose and 
lipid homeostasis 

2.8 0.043a 

Actinin alpha 4 L7N071 4 Actinin binding proteins, 
cytoskeleton organization 

and cell adhesion and 
migration 

2.8 0.043a 

NAD(P)H quinone 
dehydrogenase1   

F1PBZ4 10 Chemoprotection, cancer 
susceptibility, and antitumor 

agents 

3 0.043a 

Stratifin  F1PQ93 6 Binding phosphorylated 
serine and threonine motifs 

in other proteins 

2.75 0.043a 

Joining chain of 
multimeric IgA and 
IgM  

J9JHH5 9 Receptor binding 
 

2.6 0.043a 

BPI fold containing 
family A member 1     

E2QXE7 11 Innate immunity 6 0.043a 

78 kDa Glucose 
regulated protein 

F1PIC7 4 Catalytic activity, 
Signalling/regulation 

Nucleotide and protein 
binding/folding 

2 0.043a 

Fructose-
bisphosphate aldolase 
C 

F1PBT3 2 Catalytic activity over 
fructose 1,6- (bis)phosphate 

and fructose 1-phosphate 

2 0.043a 

Cysteine rich 
secretory protein 2 

F1PSF3 4 Immunoglobulin receptor, 
defence 

2.25 0.043a 

Protein S100 
(subfamily S100-A6) 

E2R5P5 7 Calcium, calmodulin and 
receptor binding 

2 0.043a 

Alkaline phosphatase  F1PF95 1 Catalytic activity, 3.5 0.043a 
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Hydrolyses of 
phosphomonoesters 

Tubulin beta 1 class 
VI   

J9P716 1 Nucleotide binding, 
constituent of cytoskeleton 

0.45 0.043a 

Mucin-4 F1PUY9 4 Lubrication, signal 
transduction in forming 
chemical and pathogen 

barriers(25) 

4 0.043a 

Alpha-lactalbumin  F1PTQ7 2 Calcium binding activity 
(26) 

3.5 0.043a 

Protein disulphide-
isomerase A6  

E2RB37 
 
 

1 
 
 

Catalytic activity, protein 
folding and turn-over of 

ECM 

2 
 
 

0.043a 

 

 

Copper transport 
protein ATOX1  

F1PBC8 1 Copper transport 5 0.043a 

LY6/PLAUR domain 
containing 3 

J9NRF9 2 Plasma membrane 
component 

2 0.028a 

#Immunoglobulin 
heavy constant mu 

J9NVC6 2 Antigen and receptor 
binding 

0.75 # 

#Alpha-1-
glycoprotein 

F1PCK2 2 Immunoglobulin receptor 
activity, protease inhibitor 

0.75 # 

#Hemopexin  F1PZR4 6 Metalloproteinase, ECM 
component 

1 # 

#Matrix 
metalloproteinase-9 

F1PYF5 5 Catalytic activity 2 # 

PANTHER Classification System.  
P is from Wilcoxon test (related samples). 
aStatistically significant differences for p<0.05. 
†Protein obtained through BLAST analysis. 
# Responsible for the clustering of PRE and POST BW loss periods (PLS-DA). 
 

Among the salivary proteins changed after weight loss, the levels of 4 of them were 

strongly correlated with weight loss percentage. The proteins peptidyl-prolyl cis-trans 

isomerase (R=-0.9, p=0.037), fructose-bisphosphate aldolase C (R=-1.0, p=0.0005) and 

78kDa glucose regulated protein (R=-0.9, p=0.037) were negatively correlated with the 

percentage of weight loss. This means that, although increased after weight loss, the 

increases were lower in the animals that loose a higher percentage of body weight. On 

the other hand, 1 uncharacterized protein (F1P931), presenting 83% homology with 

Angiopoietin-like 5 from Mustela putorius furo (BLAST analysis), was strongly 

positive correlated (R=1.0, p<0.0005) with the percentage of weight loss. 

 

Through the multivariate PLS-DA model, it was possible to separate PRE vs. POST BW 

loss periods (Figure 2). Besides the proteins already observed to differ between periods, 

through univariate analysis, four additional proteins were responsible for clustering the 

two periods (PRE and POST) among which immunoglobulin heavy constant mu 
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(J9NVC6), alpha-1-glycoprotein (F1PCK2) and hemopexin (F1PZR4) were decreased 

and matrix metalloproteinase-9 was increased after BW loss. 

The proteins that most contributed to this clustering were 78 kDa glucose regulated 

protein (F1PIC7), immunoglobulin heavy constant mu (J9NVC6), copper transport 

protein ATOX1 (F1PBC8), alpha-1-glycoprotein (F1PCK2), tubulin beta 1 class VI  

(J9P716), stratifin (F1PQ93), alkaline phosphatase (F1PF95), protein disulphide-

isomerase A6 (E2RB37), hemopexin (F1PZR4) and matrix metalloproteinase-9 

(F1PYF5) (Figure 3). 

 

 

 

 

 

Figure 2. Partial Least Square Determinant Analysis (PLS-DA) model for all dog saliva 
samples [PRE (n=5) vs. POST BW loss (n=5)]. X and Y axis show principal component 
1 (PC1) and principal component 2 (PC2), respectively, and the contribution of each of 
them for explaining the total variance.  – POST and + - PRE BW loss 



108 
 

 

 

4. Discussion 

Canine saliva proteome has already been studied in dogs for different purposes 

including the effect of breed, gender and acid stimulation (27–29). However, this is the 

first study evaluating salivary proteome changes related to weight loss in dogs. 

One of the salivary proteins whose levels correlated with serum total cholesterol was 

clusterin. The levels of this protein were lower after BW loss, what was in accordance 

with previous studies, where circulating concentrations of this protein were also 

decreased after weight loss in dogs (6,30). Clusterin, partly associates with high-density 

lipoprotein (HDL) cholesterol, functioning in lipoprotein transport, existing a positive 

correlation between its levels and body fat mass in humans (31). Furthermore, as 

clusterin has been described to be biomarker of renal function, since it increases in 

plasma and urine in renal damage, in both humans and dogs (30), it was hypothesised 

that decreased concentrations of clusterin after weight loss would indicate improved 

renal function.  

Salivary proteins peptidyl-prolyl cis–trans isomerase, ankyrin repeat domain 13B, 

NAD(P)H quinone dehydrogenase1, BPI fold containing family A member 1, alkaline 

phosphatase, mucin-4, alpha-lactalbumin and copper transport protein ATOX1 showed 

the highest fold changes after an experimental weight loss. Among these, peptidyl-

prolyl cis–trans isomerase, NAD(P)H quinone dehydrogenase1, 
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bactericidal/permeability increasing protein (BPI), alkaline phosphatase and copper 

transport protein ATOX1 have already been related to obesity in different studies.   

Peptidyl-prolyl cis–trans isomerase (cyclophilin) and BPI are related with innate 

immunity and/or inflammation and their variation in this study goes in line with 

improvements in inflammatory status when obese dogs lose weight.  

Peptidyl-prolyl cis–trans isomerase (cyclophilin), although being increased after weight 

loss, presented a strong negative correlation with the percentage of weight lost, i.e., 

higher levels in dogs loosing less body weight. This enzyme accelerates protein folding 

and has been referred as probably related to some pathological situations like chronic 

inflammation (32). Furthermore, cyclophilin has been referred as an adipogenic factor, 

potentially implicated in development of obesity (33). BPI increased after BW loss, in 

the present work. It has been observed not only associated with immune system and 

inflammatory pathways but also potentially linked with insulin action, being positively 

correlated with this last (34). In line with this, the BPI family A member 1 (BPIFA1) 

was suggested as a sensitive biomarker of Type 2 Diabetes Mellitus, being decreased in 

this condition (35). Recently, a study reported a negative association between plasma 

BPI and body mass index (BMI), waist circumference, body fat, systolic blood pressure 

(SBP) and insulin resistance, in prepubertal children (36). Despite of the reported 

studies, which go in line with our observation of salivary BPI after weight loss, some 

studies reported opposite results. Some authors failed to observe an association between 

increased plasma BPI levels and improvements in insulin sensitivity due to the massive 

weight loss, in morbidly obese women (37). Further studies are needed to better 

understand the relation between the changed salivary levels of these proteins and dog 

obesity. 

The proteins NAD(P)H dehydrogenase quinone 1, copper chaperone ATOX1, alkaline 

phosphatase and 78kDa glucose regulated protein are proteins related to oxidative stress 

and were associated with the weight loss. In the case of NAD(P)H dehydrogenase 

quinone 1 also identified as NAD(P)H quinone oxidoreductase 1, a significant increased 

after weight loss and a negative correlation with total cholesterol was observed, in the 

present study. Besides the function of this protein in protection against oxidative stress 

(38), studies showed that this protein may play a role in lipid metabolism and insulin 

resistance in mice (39). In a study reported by Capel et al. (40), NAD(P)H 

dehydrogenase quinone 1 was described as a cytosolic enzyme highly present in human 

adipose tissue and adipocytes, with its levels being positively correlated with adiposity, 
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and markers of liver dysfunction. Diet-induced weight loss resulted in decreased levels 

of this protein, in some studies (38). 

The increases in the salivary levels of copper chaperone ATOX1 and alkaline 

phosphatase, in the present study, go in line with a study with humans, where weight 

loss resulted in inhibition of oxidative stress occurrence and in elevation in antioxidant 

defence markers in serum, such as the referred proteins (41). Copper chaperone ATOX1 

is a small cytosolic protein involved in the delivery of copper, which functions as an 

antioxidant defence marker against superoxide and hydrogen peroxide (42). Alkaline 

phosphatase is an enzyme that has a catalytic function which hydrolyses 

phosphomonoesters and is involved in nervous system, skeletal tissues, liver, kidney 

and intestinal (fat absorption) development (43).  

Considering 78kDa glucose regulated protein, the changes in its amounts, induced by 

weight loss, agree with the potential beneficial effects that weight loss has in terms of 

endoplasmic reticulum stress. This protein increased in the saliva collected after weight 

loss. However, it was negatively correlated with this last one, indicating lower levels in 

the dogs that lose higher body weight percentages. Weight loss is known to induce 

reduction in endoplasmic reticulum stress (44), what, consequently, will reduce the 

levels of 78kDa glucose regulated protein (45). As such, our results support the thought 

of the benefits of the weight loss treatment performed in this study. 

Two proteins whose levels were correlated with the percentage of weight loss were 

angiopoietin like 5 (ANGPTL5) and fructose-biphosphate aldolase C. These proteins 

are involved in glucose metabolism, suggesting positive effects of weight loss in 

glucose regulation. The salivary levels of ANGPTL5 were strongly positively correlated 

with the percentage of weight loss, in accordance with a reported opposite association 

between the levels of serum angiopoietin like 3 and 4 (ANGPTL3 and ANGPTL4) 

proteins and body weight, diabetes status, and parameters of glucose control across a 

wide range of BMI (46). Concerning fructose-bisphosphate aldolase C, which was 

negatively correlated with the percentage of body weight loss, is expressed primarily in 

brain, smooth muscle and neuronal tissue, but it was also reported to be present in 

human saliva (47). This protein has a catalytic activity over fructose 1,6- (bis)phosphate 

and fructose 1-phosphate (48) and was suggested to be a potential biomarker associated 

with obesity, decreasing after weight loss induced by a very low calorie diet, in 

overweight/obese subjects (49), similarly to what was observed in our study. 
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In this study we used an experimental model of a weight-loss in dogs that produced an 

improvement of the BW and BCSs of the animals. A limitation of this study could be 

that the experimental model used does not reflect a real clinical situation of canine 

obesity, nevertheless, the experimental protocol aims to avoid different variations that 

can occur in clinical situations such as the use of different diets and environmental 

conditions, different lengths in the onset of obesity, medications used, and eventually 

secondary diseases. Moreover, no controls without weight loss were included in this 

study. Nevertheless, since saliva was collected at the same day time and in the same 

conditions in both days, and since we related the levels of the proteins with the 

percentage of body weight loose, the possibility of effects of major non-controllable 

factors are reduced. 

 

5. Conclusions 

In the present study, a considerable amount of salivary proteins have changed with body 

weight loss, some of which were also found to be correlated with serum total 

cholesterol, triglycerides and glucose. The salivary proteins, the abundance of which 

was changed after weight loss, were related with immune system/inflammation, 

oxidative stress and glucose metabolism. The variations suggest that weight loss results 

in physiological improvements in dogs. Overall, the results obtained in the present study 

highlight the potential of saliva for obesity and weight loss studies in dogs. 
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As in humans, obesity is probably one of the most important health issues of pet dogs 
(73) which has been associated with conditions that not only shorten expected lifespan, 
but also reduce health-related quality of life (76). To the best of our knowledge, the first 
study of dog‟s obesity prevalence, in Portugal, is reported in study 1 of the present 
thesis. This work was included in a multi-country study (10 European countries) cross-
sectional questionnaire-based, targeted to owners of at least one dog. Although, in 
Portugal, dogs‟ overweight/obesity prevalence (30.9% according to owner estimated 
body condition score) was in line with values reported worldwide (19.7-59.3%) 
(9,10,17,30,257), these values were among the highest reported for these countries 
(249). Pet obesity has been suggested to be linked with human obesity due to their 
shared lifestyle and environment (1,17,88,258).  Moreover, some of the “risk factors” 
may be similar between humans and pets (1,39,107). Nevertheless, in Portugal, obese 
dogs were not observed to be consistently linked to obese owners. Although further 
studies are needed to elucidate why our country differ from others where human and 
dog obesity is related, it is possible to hypothesize that awareness about human and dog 
obesity is not the same, with people concerned in avoiding their own obesity being no 
such concerned for dog‟s condition.  

Obesity and obesity-related diseases have been studied through plasma and serum 
samples analysis; however there are others biological fluids that had gained greater 
interest, as well. In the last few years, the growing interest in the characterization of 
salivary proteome has increased, mainly due to proteomic techniques advances 
(155,259). In humans, saliva has been used for the diagnosis not only of salivary gland 
disorders but also of oral diseases and several systemic conditions (186,193,260–262). 
However, saliva of different animal species, namely the dog, is still little studied. Only 
recently, characterization of dog salivary proteome, by shotgun proteomics, under 
healthy conditions were reported in two different studies (169,187). 

Two-dimensional gel electrophoresis (2-DE) is one of the most popular techniques for 
the global analysis and initial profiling of saliva prior to further fractionation and 
identification using techniques such as mass spectrometry. One of the greatest 
advantages of 2-DE in salivary protein study relates to its capacity of separating 
proteins with different post-translational modifications (PTMs), allowing their separate 
quantification (263). Nonetheless, it has been reported that one of the limitations of 
using 2-DE in animal saliva samples is the difficulty to obtain saliva volumes sufficient 
to achieve the relatively high amount of proteins needed for performance of this 
technique (143). In the case of dogs, and particularly in small sized breed dogs, the 
amount of saliva produced is limited and stimulation might be necessary. However, 
stimulation may dilute the protein content of the samples. To accomplish the goal of 
having enough amount of protein in a small volume protein precipitation/concentration 
methods are necessary.  However, one of the limitations of precipitation protocols is the 
protein loss (158). In the present work, it was observed that precipitation using 20% 
(w/v) TCA solution showed best results with dog saliva under studied conditions (Study 
2). Although this method did also result in considerable amount of total protein loss 
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(46.5%), the proportion of the different protein species (protein profiles) are highly 
correlated with the ones from the original/control samples. Furthermore, it showed the 
advantage of allowing good resolution of spots in 2-DE and the visualization of spots 
from proteins that may be of interest, namely spots in the alkaline region.  

Another question that emerged, before analysing dog saliva in obesity context, concerns 
the factors that can influence dog saliva protein composition. In fact, the use of animal 
saliva in disease diagnostics first requires the characterisation of the salivary proteome 
under healthy conditions as well as the knowledge of possible influence factors. In 
humans, factors such as gender, age, inter-individual variability and acid stimulation 
have been reported (153,188,189). In the study 3, of this thesis, the influence of gender 
and acid stimulation on normal dog salivary proteome from different pure breed dogs 
(Portuguese Podengo, Greyhound, Rafeiro Alentejano and Beagle) was studied, through 
in-gel based proteomics approach. No major trends for gender effect were found, which 
is in agreement with others studies recently published (187). Two of the breeds that 
most differed between them were Portuguese Podengo and Beagle. According to 
Federation Cynologique Internationale (FCI) (http://www.fci.be, accessed on January 
31, 2018) purebred Portuguese Podengo is a primitive type of breed, probably 
originating from the ancient dogs (264) and purebred Beagles belongs to a cluster 
comprised mostly by modern breeds (265). Thus, it is not surprising that this two breeds 
present differences, neither that Portuguese Podengo dogs present higher genetic 
variability than Beagles, since this last has been bred in a controlled way, for use in 
laboratory studies. Also according to FCI, both breeds are traditionally used for hunting, 
but Portuguese Podengo is a breed without working trial whereas pure breed Beagles 
has working trial. The proteins that contributed for the major differences among dog‟s 
breeds were chains of canine serum albumin and IgG Fc-binding protein. IgG Fc-
binding protein has been recently identified as one of the more abundant proteins in dog 
saliva (169) being a protein involved in binding IgG on mucosal surfaces (266). Study 3 
allowed also testing the effect of acid stimulation on salivary proteome of dogs. From 
our knowledge, no studies have been performed to access the effect of this type of 
stimulation in salivary protein composition of animals. Stimulation with lemon juice, 
which is one of the mostly used methods for stimulating saliva production in humans 
(146), raised the total volume of saliva produced in dogs, as expected, and, as such, the 
cotton roll needed to remain less time in the mouth for getting enough saliva amounts 
(267). However, changes in salivary proteome from dogs were in accordance with in the 
ones reported for human saliva (146), where it was observed that acid stimulation 
produced reductions in the total protein amount and considerable changes in proteins 
related to immune function, inflammation, and cell movement (146). In terms of 
profiles, proteins such as cytoskeletal keratin, serum albumin, and IgG Fc-binding 
proteins were identified in bands and/or spots whose levels decreased with acid 
stimulation.  

Although, breed was found to be a factor influencing salivary proteome, several breeds 
were used for evaluating the salivary proteome in obese dogs with and without obesity-

http://www.fci.be/
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related metabolic dysfunction (ORMD vs. non-ORMD, respectively) (study 4). This 
occurred for different reasons: on one hand, this was a study performed with animals 
obtained in veterinarian clinics, and so being difficult to get animals from an unique 
breed; on the other hand, because the objective of the study was to identify salivary 
proteins that could contribute to the understanding of this disease, independent of the 
dog breed. Interestingly, the proteins whose levels were found to be significantly 
different in this condition were not proteins found to differ among dogs‟ breed studied. 
The objective of studying ORMD, in this thesis, was because this is a condition that 
greatly accompanies dog obesity. In humans, the term „metabolic syndrome‟ (MetS) 
describes a clustering of obesity (especially visceral obesity), insulin resistance or 
hyperglycaemia, hyperlipidaemia, especially increased fasting triglycerides and 
decreased High-Density Lipoprotein Cholesterol (HDL-C), and hypertension (52). 
Obese dogs develop some of these components such as insulin resistance (49), increased 
blood pressure (61), and hyperlipidaemia (53). In line with these findings, human MetS 
criteria were adapted to define canine MetS or so called obesity-related metabolic 
dysfunction (ORMD) (10). Thus, dogs were considered as having ORMD if obesity was 
present, BCS 4-5 (in a 5-point scale); and any two of the following: increased plasma 
triglycerides (>200 mg/dl), and plasma total cholesterol (>300 mg/dl), fasting plasma 
glucose (>100 mg/dl), or previously diagnosed diabetes mellitus and increased systolic 
arterial pressure (> 160 mmHg). In this study, saliva samples were subjected to a 
quantitative proteomics analysis using protein digestion in solution and followed by 
liquid chromatography (LC-MS/MS) analysis, which provides the possibility of to 
compare a high number of proteins from a complex protein mixture, such as saliva 
(268). Moreover, this approach has the advantage, over in-gel based approaches, to 
allow the comparison, between groups, of proteins that might fail to enter in gels due to 
molecular masses, or other reasons. 

In this ORMD study, amongst the 300 identified proteins, 83% of them were reported 
previously in canine saliva using proteomic approaches (169), although 51 of the 
identified proteins were reported in dog‟s saliva for the first time. Amongst the 
identified proteins, 257 were quantified and several of them showed strong correlation 
between their salivary levels and total serum cholesterol and/or triglycerides, among 
which elastase neutrophil expressed, thioredoxin, peptidyl-prolylcis-trans isomerase and 
protein S100. These proteins were previously related to dyslipidaemia and/or 
inflammatory processes (269–272).  

When salivary proteomes of dogs with and without ORMD were compared, eight of the 
identified proteins presented different abundance levels, namely Leukotriene A(4) 
hydrolase (LTA4H), Carbonic anhydrase I, Biliverdin reductase B, Gc vitamin D-
binding (VDBP), Allergen Feld 4-like precursor and kallikrein precursor. Through 
multivariate analysis, the contribution of Bactericidal/permeability increasing protein 
fold containing family A member 2 (BPIFA2), for separating ORMD from non-ORMD 
groups was also verified. The identified proteins were related to obesity and/or type 2 
diabetes, and suggested the implication of inflammation and prothrombotic state in dogs 
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with ORMD (215,273–277), what goes in accordance with studies of plasma samples in 
humans and mice (215,274,278,279). The exception was for LTA4H and BPIFA2 
proteins levels (277,280) which were decreased. These differences from the studies in 
humans and animal models could be related to the absence of atherosclerotic lesions and 
a compromised innate immune system in obese dogs with ORMD, respectively. 
Although study 4 had the limitation of to be based in a relatively low number of animals 
(N=6 from each group), it included animals from different households, with different 
diets, environmental conditions and care, allowing to evaluate a naturally occurring 
ORMD and to get a true clinical picture.  

Contrary to study mentioned above, in study 5 changes in the salivary proteome of 
obese dogs undergoing weight loss, pure breed Beagles was used. In this case, although 
with the possibility of not reflecting what happens in all breeds, the experimental 
protocol aimed to control the conditions of weight loss, avoiding variations in the onset 
of obesity, medications used, and eventually secondary diseases. Another limitation 
could be the absence of no controls without weight loss. However, since saliva 
collection was at the same day time and in the same conditions in both days and since 
the proteins levels were analysed in relation to the percentage of body weight loose, 
effects of major non-controllable factors was reduced.  

The results obtained after weight loss was compared to the results of ORMD study 
(study 4). As in the study of ORMD (study 4), also in animals underwent weight loss, 
correlations between salivary levels of several proteins and serum triglycerides, total 
cholesterol and glucose concentrations were found. Besides a positive correlation 
between Peptidyl-prolyl cis trans-cis isomerase levels and serum triglycerides 
concentrations, in study 4, a negatively correlation of this protein with serum total 
cholesterol and glucose concentrations, was found in study 5. This protein enhanced the 
uptake of triglycerides and the differentiation of fibroblasts cells into adipose cells in 
response to insulin stimulation, accelerates protein folding and has been referred as an 
adipogenic factor potentially implicated in development of obesity and in some 
pathological situations like chronic inflammation (272,281,282). However, this 
difference when comparing groups before and after weight loss may be due to an 
external effect. For example, the effect of collection day, since one of the major 
limitations of the experimental design of study 5 was the lack of control dogs, not 
subjected to weight loss programme. In fact, the levels of this protein presented a 
negative correlation with the percentage of weight loss, indicating that its levels are 
lower in the animals that loose higher percentages of body weight. As such, it is 
possible to hypothesize that the levels of Peptidyl-prolyl cis trans-cis isomerase are 
decreased with loss of adiposity.  

Vitamin D binding protein (VDBP) levels were decreased in saliva of ORMD dogs and 
were strongly positive and negative correlated with serum total cholesterol and glucose 
concentrations, respectively, in dogs participating in the study of weight loss. The 
physiological functions of the VDBP include vitamin D and its metabolites transport 
and storage, fatty acid transport, scavenging of extracellular G-actin and enhancement 
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of the chemotactic activity for neutrophils in inflammation and macrophage activation 
(275). The lower salivary levels of VDBP in the ORMD group, goes in accordance with 
recent studies of blood samples in diabetic humans and mice, where these levels were 
decreased (279). The decreased levels of VDBP in ORMD dogs is also in accordance 
with a recent study, where this protein was pointed as a marker of risk for the 
development of metabolic syndrome, in humans (283). Moreover, in this species, this 
protein was also reported to be positively correlated with total cholesterol in circulation 
(284). Taking together, these convergent results reinforce that saliva can reflect what 
happens in circulation, having potential in the study of obesity. 

Another salivary protein whose levels were also positively correlated with serum total 
cholesterol was clusterin. The levels of this protein were lower after BW loss, what was 
in accordance with previous studies, using blood, where circulating concentrations of 
this protein were also decreased after weight loss in dogs (66,243). Clusterin has been 
described to be biomarker of renal function in both humans and dogs (66) and its levels 
correlate well with body fat mass in humans (203). Besides peptidyl-prolyl cis-trans 
isomerase protein, discussed above, fructose-bisphosphate aldolase C and 78 kDa 
glucose regulated protein were negatively correlated with the percentage of weight loss. 
This means that dogs losing more weight have lower levels of these proteins in their 
saliva. In both cases, this agrees with bibliography. Concerning 78kDa glucose 
regulated protein, its function is related to oxidative stress, especially endoplasmic 
reticulum stress (285). Thus, the changes in its amounts, induced by weight loss, agree 
with the potential beneficial effects that weight loss has in decreasing the stress of the 
endoplasmic reticulum (286), what, consequently, will reduce the levels of 78kDa 
glucose regulated protein. Concerning fructose-bisphosphate aldolase C, a protein that 
has a catalytic activity over fructose 1,6- (bis)phosphate and fructose 1-phosphate (287), 
has been suggested to be a potential biomarker associated with obesity, decreasing after 
weight loss induced by a very low calorie diet, in overweight/obese subjects (288).  

Taking all the results, globally, whereas study 1 presented evidences about the need of 
deeply studying dog obesity, since its prevalence is considerably high, studies 2 and 3 
allowed increasing the knowledge about dog saliva characteristics, useful for solving 
methodological difficulties in dog salivary proteome analysis. In this context, the 
optimization of protocols and the clarification about the main proteins affected by 
factors such as saliva stimulation, breed and gender was needed. These first 3 studies 
allowed us to go to studies 4 and 5, where obese dogs were studied, either for ORMD or 
for the effects of weight loss, respectively. These two studies, together, allowed the 
observation that several of the salivary proteins related with the studied conditions are 
proteins mainly present in circulation and already reported to be associated with 
metabolism or obesity related complications. This highlights the potential of saliva, as a 
non-invasive fluid, for the study of dog obesity.  
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One of the limitations in working with dogs, in proteomic studies, comparatively to 
working with humans is that protein databases for Canis lupus familiaris is scarce 
compare to protein databases for humans. As such, it‟s possible that some proteins 
present in dog saliva and involved in the situations studied could not be identified. 
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CHAPTER IV 

CONCLUSIONS 
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The five studies performed with the aim of using the salivary proteome in the study of 
dog obesity allowed to draw the following main conclusions: 

a) Dogs obesity prevalence is high, in Portugal; although it is not positively 
correlated with owners obesity, in this country; 

b) Dog saliva has its own particularities, thus proteomic protocols used in saliva 
samples of humans and other animals, used as models, are not always adapted to 
dogs‟ saliva samples. Among the several precipitation methods studied in the 
present thesis, precipitation using 20% (w/v) TCA showed best results once, 
although resulting in considerable total protein loss, the protein profiles are 
highly correlated with the ones from the original samples; 

c) Influence factors such as dogs breed and saliva stimulation with acid should be 
considered when results from different labs are compared, since dog saliva 
proteome was observed to be affected by them; 

d) Saliva proteome in dogs has the potential of improving the knowledge of 
obesity-related diseases, namely on ORMD, for which some salivary proteins 
have been observed to present different abundance levels. These proteins are 
LTA4H, CAI, BVRB, VDPB, Allergen Feld 4-like precursor and PK proteins, 
which are proteins already reported to be related to obesity and/or type 2 
diabetes. Their functions suggest the implication of inflammation and 
prothrombotic state in dogs with ORMD; 

e) Experimentally-induced weight loss has resulted in physiological improvements 
in obese dogs, as expected. The abundance of salivary proteins related with 
immune system/inflammation, oxidative stress and glucose metabolism changed 
after weight loss, supporting these improvements. These were the proteins 
peptidyl-prolyl cis-trans isomerase, fructose-bisphosphate aldolase C and 78kDa 
glucose regulated protein; 

f) Interestingly, there were some salivary proteins whose levels were positively 
correlated with serum triglycerides concentration in both studies 4 and 5 such as 
matrix metalloproteinase, phosphoglycerate mutase, histone H2A, rho GDP 
dissociation inhibitor beta, purine nucleoside phosphorylase, actinin alpha 1, and 
S100 calcium binding protein P. This relation, observed in two different 
experiments, performed in different dog populations, reinforces that these are 
salivary proteins that can act as markers of serum triglycerides levels and can be 
relevant in the study of obesity. Further studies are warranted to elucidate this 
relationship. 

Overall, the experimental studies presented in this thesis emphasize the importance of 
salivary proteome for studying obesity in dogs and improving the understanding of 
obesity-related diseases, namely obesity-related metabolic dysfunction. There are few 
works on dogs‟ salivary proteome, and from our knowledge, this is the first studying 
obesity. In this work, an integrated perspective of salivary proteome is highlighted and 
opens new possibilities for future studies focused in evaluating the value of some 
potential biomarkers for the diagnosis and prognosis of obesity-related metabolic 
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dysfunction in dogs. Although, this biological fluid is more studied in humans, this 
thesis reinforces its potential to be used in veterinary health care. Nonetheless, for the 
translational of those potential targets to clinics, a deeper high-throughput analysis, in a 
large scale population, is required. Moreover, to disclose the functional relation of some 
identified salivary proteins will contribute to a deeper knowledge in obesity 
pathophysiology, as well in obesity-related diseases. 

 

FUTURE PERSPECTIVES 

The present thesis allowed to optimize procedures for using in dog saliva studies and 
allowed to conclude about the potential of saliva in the context of dog obesity. This was 
the first study where the prevalence of dog obesity in Portugal was assessed and also the 
first study where the salivary proteome of obese dogs was studied. The results obtained 
support future perspectives, such as:  

- To deeply study why dog obesity is not positively correlated with owner obesity, 
in Portugal, by opposition to some different countries; 

- To validate the proteins identified in the ORMD study as related with this 
condition, by using a large population of obese dogs with ORMD; 

- To compare the salivary proteome of obese dogs with the one of normal weight 
ones.  In the present thesis, dog salivary proteome was studied in obese dogs, 
under different situations (with or without ORMD and before and after weight 
loss), but no comparisons were made with normal weight dogs and this might be 
interesting. 
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Supplementary material 1: Global final version of the questionnaire used in the study and 

criteria for organization of data for statistical treatment a. 

 

Obesity among pet-owners and pets 

 

Number Question  Criteria a  

1 Where did you hear about this study? 

1 Through a researcher involved in the study 

2 Through the veterinary clinic I go to with my pet 

3 Through somebody else who went to a veterinary clinic 

4 Through a dog activity or dog breeding organization  

5 Through a colleague 

6 Through a friend or family member 

7 Through social media (e.g. Facebook, Twitter) 

8 Other 

 

2 In what part of the country do you currently live? 

1 Southeast 

2 Northeast 

3 South-west 

4 Northwest 

5 Central 

6 Madeira 

7 Azores 

 

1 North (2+4) 

2 South (1+3) 

3 Centre 

4 Islands (6+7) 

 Owner data 

Criteria: - If more than one person is taking care of the same pet, 

the form must be filled in by only one individual 

 

3 Age (years) 1 18-40 

2 41-55 

3 >55 

4 Gender 

1 Woman  

2 Man  

 

5 Height (cm) BMI index 

6 Weight (kg) 

7 Number of family members living with pet  

1 2 3 4 5 6 7 8 9 10 

  

1  =1 

2  2 - 4 

3  > 4 

8 Educational level of person responding to questionnaire 

1 Primary  

2 Secondary/High School  

3 Vocational training  

4 University degree  

5 Postgraduate qualifications 

6 Other 

 

 

 

1 Primary  

2 Secondary/ 

vocational 

3 University/ 

Postgraduate 

Other was 

eliminated  

9 Employment  

1 Student  

2 Employed  

3 Retired  

4 Unemployed 

 

 

 

 

1 Student 

2 Employed/ 

retired 

3 Unemployed 



10 Monthly Family income  

1 =< 500 EUR 

2  500-1000 EUR 

3 1000-2000 EUR 

4 > 2000 EUR 

 

1 =<500 EUR 

2 500-1000 

EUR 

3 >1000 EUR 

11-17 Attitude towards physical activity 
Please respond to the following statements with a score of 1-5 

where 1 = total disagreement and 5 = total agreement. Please tick 

only one box in each row; if it is difficult to choose only one 

answer, choose the option that reflects your opinion most of the 

time 

 

Doing sport makes me feel good  

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

I like doing one or more of the following activities on a regular 

basis (at least once a week): walking, running, sports, etc.  

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

I get bored doing sports activities 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

Physical activity relieves stress 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

I do not like physical activity because I feel very tired 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

 

 

 

I do not have the self-discipline necessary to do exercise  

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

 

I like physical activity because it is beneficial to health 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

 

 

 

 

 

 

 

 

 

Questions 14 

and 17 were 

eliminated. 

 

The responses 

for questions 11, 

13 and 15 were 

summed. For 

question 11 the 

sum was made 

from 1 to 5 and 

for questions 13 

and 15 the sum 

was made from 

5 to 1. Then a 

score was made: 

1 => 10 

(positive 

attitude) 

2 1-9 (negative 

attitude) 

 

 

 

Questions 12 

and 14 were 

considered 

separately. 

Question 12: 

1 No 

2 Yes 

 

Question 14: 

1 Disagree 

2 Agree 



18 During the past 30 days (1 month) on how many days did you 

smoke? 

1 Every day or almost every day 

2 Some days 

3 Not smoker 

 

 

This question 

was not 

evaluated. 

19 Do you suffer from any disease?  

1 No 

2 Yes 

 

20 Which disease(s) do you suffer from?  

21 Are you receiving chronic treatment (> 1 month duration)? 

1 Yes  

2 No 

 

22 What treatment(s) do you receive?  

23-32 Attitude towards diet 

Please respond to the following statements with a score of 1-5 

where 1 = total disagreement and 5 = total agreement. Please tick 

only one box in each row; if it is difficult to choose only one 

answer, choose the option that reflects your opinion most of the 

time 

 

I believe eating a healthy diet is important for my overall health 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

Home-made food is better than fast-food or ready-prepared food 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

I feel better eating a healthy diet 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

Healthy food is boring 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

Healthy meals are laborious (more difficult to shop for, prepare, 

transport, etc.) 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

It is normal to skip breakfast 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

 

 

 

 

 

 

 

 

 

 

Questions 23 to 

27, 29 and 31 

were not 

evaluated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question 28: 

1 Disagree 

(1+2) 

2 Agree (3+4+5) 

 

 

 

 

 



How food tastes is more important than its health benefit 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

I do not have the self-discipline to follow a healthy diet 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

A healthy diet includes a variety of foods (cereals, vegetables, 

meat, etc.) 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 

 

Do you consider important eating healthy food rather than feeling 

rapidly satiated? 

1 I try to eat healthy food even it takes more time preparing it. 

2 I eat everything what I have to eliminate hunger.  

 

 

 

 

 

 

Question 30: 

1 Disagree 

(1+2) 

2 Agree 

(3+4+5) 

 

 

 

 

 Pet data 

Criteria: - If you have more than one pet, you must apply the 

questionnaire to just one animal. 

 

33 Breed (Please chose one of the list) The owners 

were provided 

by the list of 

dog breeds and 

the option 

“other” was also 

available. 

34 Age (years) 1 - ≤ 1 

2 - 1 a 7 

3 - > 7 

35 Sex 

1 Female 

2 Male 

 

36 Reproductive status  

1 Intact 

2 Neutered at <6 months  

3 Neutered at 6-11 months  

4 Neutered at 1 year  

5 Neutered at 1-2 years  

6 Neutered at 2-8 years  

7 Neutered at >8 years  

8 Not sure 

 

1 Intact 

2 Neutered 

37 Weight (kg)  

38 On the basis of the images below: what score corresponds to your 

pet? 

฀1฀2฀3฀
1 

2 3 4 5 

Very thin    Obese 
 

The BCS chart 

was included to 

help owners to 

score dogs body 

condition: 

1  < 3 (1+2) 

2  =3 

3  > 3 (4+5) 



39 Given the image below: what body fat index corresponds to your 

pet? 

20% 30% 40% 50% 60% 70% 

 

 

 

 

 

 

 

The Hill´s body 

fat index (BFI) 

risk chart, was 

included to help 

owners to assess 

his/her dogs 

BFI: 

1 - 20% 

2 - 30 % 

3 - > 30% 

40 Household 

1 Rural zone; the dog spends almost the whole day 

outside  

2 Rural zone; the dog spends almost the whole day 

in the house 

3 House/apartment without access to garden  

4 House/apartment with access to garden  

5 Other 

 

 

1 House with 

backyard 

2 House without 

backyard 

Other was 

eliminated 

41 Diet 

1 Home-made food 

2 Food scraps  

3 Commercial pet food  

4 Mixed  

5 Other 

 

1 Home-made/ 

Food scraps 

2 Commercial 

3 Mixed/Other  

42 Number of meals per day 

1 1  

2 2  

3 3  

4 > 3 

 

1  =1 

2  =2 

3  >2 

43 How do you calculate the amount of food for your pet? 

1 Following recommendations provided by a vet  

2 According to specifications on food packaging  

3 Dog fed until it stops eating  

4 A constant food supply is made available  

5 Other 

1 By a vet 

2 Commercial 

3 Until it 

stops/ad libitum 

Other was 

eliminated 

44 Feeding schedule 

1 Fixed (at the same time every day)  

2 Random  

3 Other 

 

1 Fixed 

2 Random/ 

other 

45 Do you give your pet food supplements? 

1 Yes  

2 No 

 

46 What type of supplement (vitamins, fatty acids, etc.)  

47 Do you give your pet food rewards?  

1 Yes  

2 No 

 

48 Physical activity 

1 None  

2 Walking  

3 Running  

 

 

 

 



49 Daily exercise (time) 

                                       1 None  

      2 < 30 min  

      3 30 min - 1 hour  

      4 > 1 hour  

      5 Other: 

 

1 - None 

2 - ≤30 m 

3 - > 30 m 

 

 

50 Does your pet suffer from any disease(s)? 

1 No  

2 Yes 

 

51 What disease?  

52 What treatment(s) does your pet receive?  

53 How many times have you had to take your pet to the vet due to 

health problems during the last year? 

 

1 =1 

2 1 a 2 

3  > 2 

54 My pet gets sick easily? 

฀1฀2฀3฀4฀5฀฀T

1 
2 3 4 5 

Total disagreement    Total agreement 
 

1 Disagree 

(1+2) 

2 Agree 

(3+4+5) 

55 Do you believe your pet is happy?  

฀1฀2฀3฀4฀5฀฀N

1 
2 3 4 5 

Not happy    Happy 
 

1 Disagree  

(1+2+3) 

2 Agree (4+5) 

 Owner-pet relationship  

56 Who is responsible for caring for the animal? 

1 The person filling out this questionnaire  

2 Another member of the household  

3 Several people 

4 Other 

 

1… 

2… 

3 Several/ 

other 

57 How many other animals live with the pet? 

1 None 

2 1  

3 2  

4 3  

5 4  

6 5  

7 > 5 

 

1  0 

2  1 a 2 

3  >2 

58 How long do you spend with your pet each day? 

You should indicate the active time. Excluding the hours of sleep. 

1 < 2 hours  

2 2 - 4 hours  

3 4 - 6 hours  

4 6 - 8 hours  

5 > 8 hours 

 

 

 

1  < 2 

2  2 a 6 

3  > 6 

59 Do you share food with your pet while eating? 

฀1฀2

1 
2 3 4 5 

Never    Always 

 

 

 

1 None (1+2) 

2 Sometimes 

3 Always (4+5) 

60 Are you with your animal while he/she is eating? 

฀1฀2

1 
2 3 4 5 

Never    Always 

  

 

1 None (1+2) 

2 Sometimes 

3 Always (4+5) 



61 Do you think that giving treats or gifts to your dog makes him 

happier? 

฀1฀2

1 
2 3 4 5 

Never    Always 
 

 

1 No (1+2) 

2 Yes (3+4+5) 

62 Do you usually sleep with your pet? 

฀1฀2

1 
2 3 4 5 

Never    Always 

  

 

1 No (1+2) 

2 Yes (3+4+5) 

63 Do you consider your pet a member of the family? 

1 Yes  

2 No 

 

64 Does taking care of a pet have an influence on your physical 

activity? 

1 Yes, I do more exercise  

2 Yes, I do less exercise 

3 It does not influence the amount of physical activity I 

do 

 

 

1 Yes (1+2) 

2 No (3) 

65 Do you regularly exercise with your pet? 

1 No  

2 Always  

3 Sometimes  

4 Occasionally 

5 Hardly ever 

 

1 No/ 

occasionally/ 

hardly ever 

2 Always  

3 Sometimes 

66 What benefits do you attribute to having a pet?  

67 What (if any) problems do your pet cause?  

 Obesity background  

68 Do you consider obesity in people a disease? 

1 Yes  

2 No  

3 Other 

 

 

Other was 

eliminated 

69 Do you consider obesity in animals a disease? 

1 Yes  

2 No  

3 Other 

 

 

Other was 

eliminated 

70 Obesity is increasing in society (among both people and pets). 

What do you think are the three main reasons? 

1…. 

2…. 

3…. 

 

71 What would you recommend to stop this increase?  

72 Do you think that collaboration between healthcare services and 

vets could be important for combating obesity? Why? 

1… 

2… 

3… 

 

 Satisfaction  

73 Difficulty of the survey 

฀1฀2

1 
2 3 4 5 

Easy    Tricky 
 

 

 

 

 

 

 



74 Length 

฀1฀2

1 
2 3 4 5 

Short    Long 
 

 

75 Have you found the questionnaire interesting? 

฀1฀2

1 
2 3 4 5 

No    Yes 
 

 

 Thank you very much for your help!  

 



Supplementary material 2: Descriptive data obtained from questionnaires.
Owner Data

Man/Woman 52 (16,7%)/259 (83,3%)

Age, years 18 - 72 (n=312)                           

18-40 (234/75.7%), 41-55 

(57/18.4%), >55 (19/6.1%)

BMI

o        Underweight (BMI=<18,5) 10 (3.2%)

o        Normal weght (18,5<BMI<25) 233 (74.9%)

o        Overweight (25=>BMI<30) 49 (15.7%)

o        Obese (BMI=>30) 19 (6.1%)

Number of family members living with pet 2-3 (1 - 8)

1 23 (7.3%)

2 91 (29.1%)

3 87 (27.8%)

4 82 (26.2%)

5 26 (8.3%)

6 1 (0.3%)

7 2 (0.6%)

8 1 (0.3%)

9 0 (0.0%)

10 0 (0.0%)

Educational level of person responding to questionnaire

o        Primary 3 (0,7%)

o        Secondary/High School 54 (17.3%)

o        Vocational training 2 (0,7%)

o        University degree 192 (61.5%)

o        Postgraduate qualifications 63 (21,1%)

o        Other: 0 (0%)

Employment 

o        Student 108 (34,6%)

o        Employed 178 (57,1%)

o        Retired 8 (2,6%)

o        Unemployed 18 (5,8%)

o        Other: 0

Monthly Family income  

o        =< 500 83 (27.0%)

o        500-1000 111 (35.8%)

o        1000-2000 77 (25,1%)

o        >2000 35 (12.1%)

During the past 30 days (1 month) on how many days did you smoke?

o       Every day or almost every day 53 (17%)

o       Some days 26 (8,3%)

o      Not smoker 233 (74.7%)

Attitude towards physical activity

Doing sport makes me feel good 

1 Total disagreement 4 (1.3%9

2 14 (4.5%9

3 46 (14.7%)

4 89 (28.5%)

5 Total agreement 159 (51%)

I like doing one or more of the following activities on a regular 

basis (at least once a week): walking, running, sports, etc

1 Total disagreement 9 (2.9%)

2 24 (7.7%)

3 83 (26.6%)

4 91 (29.2%)



5 Total agreement 105 (33.7%)

I get bored doing sports activities

1 Total disagreement 105 (33.8%)

2 71 (22.8%)

3 84 (27%)

4 41 (13.2%)

5 Total agreement 10 (3.2%)

Physical activity relieves stress

1 Total disagreement 2 (0.6%)

2 7 (2.2%)

3 36 (11.5%)

4 82 (26.3)

5 Total agreement 185 (59.3)

I do not like physical activity because I feel very tired

1 Total disagreement 120 (38.6%)

2 94 (30.2%)

3 64 (20.6%)

4 27 (8.7%)

5 Total agreement 6 (1.9%)

I do not have the self-discipline necessary to do exercise 

1 Total disagreement 73 (23.5%)

2 55 (17.7%)

3 84 (27%)

4 56 (18%)

5 Total agreement 43 (13.8%)

I like physical activity because it is beneficial to health

1 Total disagreement 6 (1.9%)

2 8 (2.6%)

3 49 (15.7%)

4 108 (34.6)

5 Total agreement 141 (45.2%)

Disease, Yes/No 66 (21.1%)/ 246 (78.8%)

Treatment, Yes/No 70 (22.3%)/ 243 (77.7%)

Attitude towards diet

I believe eating a healthy diet is important for my overall health

1 Total disagreement 0 (0%)

2 1 (0.3)

3 9 (2.9%)

4 70 (22.4%)

5 Total agreement 233 (74.4%)

Home-made food is better than fast-food or ready-prepared food

1 Total disagreement 0 (0%)

2 1 (0.3%)

3 7 (2.2%)

4 27 (8.6%)

5 Total agreement 278 (88.8%)

I feel better eating a healthy diet

1 Total disagreement 0 (0%)

2 6 (1.9%)

3 20 (6.4%)

4 63 (20.1%)

5 Total agreement 224 (71.6%)

Healthy food is boring

1 Total disagreement 148 (47.3%)

2 87 (27.8%)

3 52 (16.6%)

4 23 (7.3%)



5 Total agreement 3 (1%)

Healthy meals are laborious (more difficult to shop for, prepare, 

transport, etc.)

1 Total disagreement 75 (24%)

2 67 (21.4%)

3 82 (26.2%)

4 74 (23.6%)

5 Total agreement 15 (4.8%)

It is normal to skip breakfast

1 Total disagreement 209 (66.8%)

2 34 (10.9%)

3 28 (8.9%)

4 20 (6.4%)

5 Total agreement 22 (7%)

How food tastes is more important than its health benefit

1 Total disagreement 52 (16.6%)

2 106 (33.9%)

3 122 (39%)

4 30 (9.6%)

5 Total agreement 3 (1%)

I do not have the self-discipline to follow a healthy diet

1 Total disagreement 97 (31%)

2 98 (31.3%)

3 72 (23%)

4 33 (10.5%)

5 Total agreement 13 (4.2%)

A healthy diet includes a variety of foods (cereals, vegetables, meat, 

etc.)

1 Total disagreement 2 (0.6%)

2 6 (1.9%)

3 16 (5.1%)

4 73 (23.3%)

5 Total agreement 216 (69%)

Do you consider important eating healthy food rather than feeling 

rapidly satiated?

1 I try to eat healthy food even it takes more time preparing it. 247 (79.7%)

2 I eat everything what I have to eliminate hunger. 63 (20.3%)

Dog Data

Age, years 1 - 22 (n=312)                             

< 1 (49, 15.8%), 1-7 

(169,54.5%), >7 (92, 29.7%)

Sex, Female/Male 153 (49,4%)/ 157 (50,6%)

Breed (5  breeds most repeated) Labrador Retriever (n=32), 

German shepherd (n=10), 

Golden Retriever (n=8), Jack 

Russell Terrier (n=8),  

Yorkshire terrier (n=7)
Reproductive status:

o        Intact 161 (52,0%)

o        Neutered at <6 months 23 (7,4%)

o        Neutered at 6-11 months 38 (12,2%)

o        Neutered at 1 year 13 (4,2%)

o        Neutered at 1-2 years 17 (5,4%)

o        Neutered at 2-8 years 39 (12,5%)

o        Neutered at >8 years 15 (4,8%)

o        Not sure 6 (2,0%)

On the basis of the images below: what score corresponds to your 

pet?                                   BCS



o        1 2 (0.6%)

o        2 27 (8.7%)

o        3 186 (59.6%)

o        4 81 (26.1%)

o        5 15 (4.8%)

Given the image below: what body fat index corresponds to your 

pet?                                   BFI

o        20% 130 (41.8%)

o        30% 104 (33.4%)

o        40% 44 (14.1%)

o        50% 24 (7.7%)

o        60% 9 (2.9%)

o        70% 0 (0%)

Household

1        Rural zone; the dog spends almost the whole day outside 10 (32.6%)

2        Rural zone; the dog spends almost the whole day in the house 30 (6.8%)

3        House/apartment without access to garden 80 (25.8%)

4        House/apartment with access to garden 114 (35.2%)

5        Other 0 (0.0%)

Diet

1        Home-made food 6 (1.9%)

2        Food scraps 0 (0%)

3        Commercial pet food 223 (71.5%)

4        Mixed 78 (25.0%)

5        Other 5 (1.6%)

Number of meals per day

1 44 (14.1%)

2 194 (62.4%)

3 36 (11.5%)

>3 17 (5.1%)

Other 20 (6.4%)

How do you calculate the amount of food for your pet?

1 Following recommendations provided by a vet 70 (22.4%)

2 According to specifications on food packaging 148 (47.4%)

3 Dog fed until it stops eating 13 (4.7%)

4 A constant food supply is made available 63 (20.9%)

5 Other 18 (5.8%)

Feeding schedule

1        Fixed (at the same time every day) 223 (71.7%)

2        Random 82 (26.4%)

3        Other 6 (1.9%)

Do you give your pet food supplements?

1 Yes 43 (13.8%)

2 No 268 (86.2%)

Do you give your pet food rewards? 

1 Yes 160 (51.4%)

2 No 151 (48.6%)

Physical activity

1 None 34 (11%)

2 Walking 180 (58.1%)

3 Running 96 (31%)

Daily exercise (time)

1 None 56 (18.0%)

2 < 30 min 87 (28.0%)

3 30 min - 1 hour 93 (29.9%)

4 > 1 hour 45 (14.5%)

5 Other: 30 (9.6%)

Does your pet suffer from any disease(s)?



1 No 53 (17%)

2 Yes 258 (83%)

Visits to vet during last year, because of health problems 0-48

0 21 (7.0%)

1 91 (30.5%)

2 65 (21.8%)

>2 121 (40.6%)

My pet gets sick easily?

1 Total disagreement 186 (62.6%)

2 82 (27.6%)

3 18 (6.1%)

4 11 (3.7%)

5 Total agreement 13 (4.4%)

Do you believe your pet is happy? 

1 Total disagreement 1 (0.3%)

2 2 (0.6%)

3 30 (9.7%)

4 98 (31.6%)

5 Total agreement 179 (57.7%)

Who is responsible for caring for the animal?

1        The person filling out this questionnaire 148 (47.4%)

2        Another member of the household 44 (14.1%)

3        Several people 116 (37.2%)

4        Other 3 (1%)

How many other animals live with the pet?

1        None 101 (32.4%)

2        1 91 (29.3%)

3        2 47 (15.1%)

4        3 24 (7.7%)

5        4 13 (4.1%)

6        5 12 3.9%)

7        > 5 23 (7.4%)

How long do you spend with your pet each day?

You should indicate the active time. Excluding the hours of sleep.

1        < 2 hours 48 (15.4%)

2        2 - 4 hours 80 (25.7%)

3        4 - 6 hours 76 (24.4%)

4        6 - 8 hours 49 (15.8%)

5        > 8 hours 58 (18.6%)

Do you share food with your pet while eating?

1 Never 158 (50.8%)

2 83 (26.7%)

3 47 (15.1%)

4 17 (5.5%)

5 Always 6 (1.9%)

Are you with your animal while he/she is eating?

1 Never 69 (21.9%)

2 69 (22.2%)

3 104 (33.8%)

4 38 (12.2%)

5 Always 32 (10.0%)

Do you think that giving treats or gifts to your dog makes him happier?

1 Never 39 (12.5%)

2 37 (11.9%)

3 104 (33.4%)

4 83 (26.7%)

5 Always 49 (15.4%)



Do you usually sleep with your pet?

1 Never 162 (52.1%)

2 27 (8.7%)

3 37 (11.9%)

4 24 (7.7%)

5 Always 61 (19.6%)

Do you consider your pet a member of the family?

1 Yes 300 (96.5%)

2 No 11 (3.5%)

Does taking care of a pet have an influence on your physical activity?

1        Yes, I do more exercise 149 (47.6%)

2        Yes, I do less exercise 2 (0.6%)

3 It does not influence the amount of physical activity I do 162 (51.8%)

Do you regularly exercise with your pet?

1        No 84 (26.7%)

2        Always 37 (11.9%)

3        Sometimes 115 (37.0%)

4        Occasionally 59 (19.0%)

5        Hardly ever 17 (5.5%)

Do you consider obesity in people a disease?

1        Yes 302 (97.1%)

2        No 10 (2.9%)

3        Other 0

Do you consider obesity in animals a disease?

1        Yes 304 (97.7%)

2        No 7 (2.3%)

3        Other 0





 

Supplementary Figure    1: PLS-DA loading plots (left) of the first two components for analysis 

of SDS-PAGE bands of profiles from saliva collected with and without acid stimulation in 

Beagles (a), Greyhound (b), and Portuguese Podengo (c); for each case, variable importance in 

the projection (VIP) is presented, with 1.5 score considered as thresholder (right). 0 – with acid 

stimulation; 1 – without acid stimulation. 

 

 

 

 

 



 

 

Supplementary Figure    2: PLS-DA loading plots (left) of the first two components for analysis 

of protein bands of salivary profiles from the different dog breeds. Variable importance in the 

projection (VIP) is presented (right). 

 

 

Supplementary Figure    3: PLS-DA loading plots (left) of the first two components for analysis 

of protein spots of salivary profiles from the different dog breeds. Variable importance in the 

projection (VIP) is presented (right). 1 – Portuguese Podengo; 2- Greyhound; 3- Rafeiro 

Alentejano; 4- Beagle. 





Supplementary Table 1 - List of the proteins identified, by LC-MS/MS in obese dog saliva

N Accession Name Species

1 sp|P49822|ALBU_CANLF Serum albumin CANLF

2 tr|F1P6A9|F1P6A9_CANLF Uncharacterized protein CANLF

3 tr|E2RH46|E2RH46_CANLF Uncharacterized protein CANLF

4 sp|I00001|MALE_GFP IS GFP

5 tr|J9JHJ8|J9JHJ8_CANLF Mucin 5B, oligomeric mucus/gel-forming CANLF

6 tr|F6USN4|F6USN4_CANLF Uncharacterized protein CANLF

7 tr|J9P9J6|J9P9J6_CANLF Uncharacterized protein CANLF

8 tr|J9NXL3|J9NXL3_CANLF Uncharacterized protein CANLF

9 tr|F1PR54|F1PR54_CANLF Uncharacterized protein CANLF

10 tr|E2QXJ0|E2QXJ0_CANLF BPI fold containing family A member 2 CANLF

11 tr|J9P430|J9P430_CANLF Transferrin CANLF

12 tr|F6Y6T8|F6Y6T8_CANLF Uncharacterized protein CANLF

13 tr|E2R2B9|E2R2B9_CANLF BPI fold containing family B member 2 CANLF

14 sp|O18874|ALL2_CANLF Minor allergen Can f 2 CANLF

15 tr|F1PCG9|F1PCG9_CANLF Carbonic anhydrase 6 CANLF

16 tr|E2QWJ3|E2QWJ3_CANLF BPI fold containing family B member 1 CANLF

17 tr|F1PIX8|F1PIX8_CANLF Complement C3 CANLF

18 tr|E2QWN7|E2QWN7_CANLF Lymphocyte cytosolic protein 1 CANLF

19 sp|P60524|HBB_CANLF Hemoglobin subunit beta CANLF

20 tr|F1P931|F1P931_CANLF Uncharacterized protein CANLF

21 tr|F1PR78|F1PR78_CANLF Uncharacterized protein CANLF

22 tr|E2RFI9|E2RFI9_CANLF Lactoperoxidase CANLF

23 tr|F1PBS8|F1PBS8_CANLF Lipocalin 1 CANLF

24 tr|F1PDJ5|F1PDJ5_CANLF Apolipoprotein A-I CANLF

25 tr|F1Q3K7|F1Q3K7_CANLF Uncharacterized protein CANLF

26 tr|F1PE28|F1PE28_CANLF Transketolase CANLF

27 tr|J9NXE2|J9NXE2_CANLF Actin, cytoplasmic 1 Actin, cytoplasmic 1, N-terminally processed CANLF

28 tr|E2QWD8|E2QWD8_CANLF Uncharacterized protein CANLF

29 tr|L7N0F2|L7N0F2_CANLF Uncharacterized protein CANLF

30 tr|J9P0R6|J9P0R6_CANLF Myeloperoxidase CANLF

31 tr|G1K265|G1K265_CANLF Lysozyme CANLF

32 tr|J9NSZ4|J9NSZ4_CANLF Uncharacterized protein CANLF

33 tr|G1K2D9|G1K2D9_CANLF Haptoglobin CANLF

34 tr|E2RCC8|E2RCC8_CANLF Immunoglobulin heavy constant mu CANLF

35 tr|J9PAQ5|J9PAQ5_CANLF Protein S100 CANLF

36 tr|L7N071|L7N071_CANLF Actinin alpha 4 CANLF

37 tr|E2R0H6|E2R0H6_CANLF Prolactin induced protein CANLF

38 tr|J9P950|J9P950_CANLF Uncharacterized protein CANLF

39 tr|F1PTY1|F1PTY1_CANLF Keratin, type II cytoskeletal 1 CANLF

40 tr|F1PRV8|F1PRV8_CANLF Deleted in malignant brain tumors 1 CANLF

41 tr|E2R0T6|E2R0T6_CANLF Uncharacterized protein CANLF

42 tr|F1PCH3|F1PCH3_CANLF Enolase 1 CANLF

43 tr|E2R2C3|E2R2C3_CANLF Glucose-6-phosphate isomerase CANLF

44 tr|F1Q2Y5|F1Q2Y5_CANLF Zymogen granule protein 16B CANLF

45 tr|J9P7B6|J9P7B6_CANLF Uncharacterized protein CANLF

46 tr|F1PBZ4|F1PBZ4_CANLF NAD(P)H quinone dehydrogenase 1 CANLF

47 tr|F1PYU9|F1PYU9_CANLF Keratin, type I cytoskeletal 10 CANLF

48 tr|Q8MJD1|Q8MJD1_CANLF Elastase, neutrophil expressed CANLF

49 tr|A0A0A0MPD0|A0A0A0MPD0_CANLF Triosephosphate isomerase CANLF

50 tr|E2R0A4|E2R0A4_CANLF Secretoglobin family 1A member 1 CANLF

51 tr|F1PZR4|F1PZR4_CANLF Hemopexin CANLF

52 tr|F1PVW0|F1PVW0_CANLF L-lactate dehydrogenase CANLF

53 tr|F1P841|F1P841_CANLF GC, vitamin D binding protein CANLF

54 tr|F1PQ93|F1PQ93_CANLF Stratifin CANLF

55 tr|F1Q0B9|F1Q0B9_CANLF Uncharacterized protein CANLF

56 tr|J9NV93|J9NV93_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

57 tr|E2R413|E2R413_CANLF Capping actin protein, gelsolin like CANLF

58 tr|F1PK60|F1PK60_CANLF Transglutaminase 3 CANLF

59 tr|J9JHH5|J9JHH5_CANLF Joining chain of multimeric IgA and IgM CANLF

60 tr|F6Y3P9|F6Y3P9_CANLF Gelsolin CANLF

61 tr|F1PE09|F1PE09_CANLF 6-phosphogluconate dehydrogenase, decarboxylating CANLF

62 tr|J9P6A9|J9P6A9_CANLF Desmocollin 2 CANLF

63 tr|F1PYF5|F1PYF5_CANLF Matrix metalloproteinase CANLF

64 tr|E2R002|E2R002_CANLF Prostaglandin reductase 1 CANLF

65 tr|E2QXE7|E2QXE7_CANLF BPI fold containing family A member 1 CANLF

66 tr|F1PAX2|F1PAX2_CANLF Ceruloplasmin CANLF

67 tr|E2R8Z5|E2R8Z5_CANLF Keratin 5 CANLF

68 tr|J9P2K8|J9P2K8_CANLF Mucin 7, secreted CANLF

69 tr|E2RT65|E2RT65_CANLF Phosphoglycerate mutase CANLF

70 tr|J9P839|J9P839_CANLF Uncharacterized protein CANLF

71 tr|L7N0D9|L7N0D9_CANLF Histone H2A CANLF

72 tr|E2RSI6|E2RSI6_CANLF Ezrin CANLF

73 tr|J9P7D5|J9P7D5_CANLF Glutathione S-transferase mu 4 CANLF

74 tr|F1PQN5|F1PQN5_CANLF Cofilin 1 CANLF

75 tr|E2RAL0|E2RAL0_CANLF Rho GDP dissociation inhibitor beta CANLF

76 tr|F1PIC7|F1PIC7_CANLF Uncharacterized protein CANLF

77 tr|A0A077S9R2|A0A077S9R2_CANLF Lysozyme CANLF

78 tr|F1PB77|F1PB77_CANLF Alpha-1,4 glucan phosphorylase CANLF



79 tr|J9NS47|J9NS47_CANLF Histone H2B CANLF

80 tr|F1PHR2|F1PHR2_CANLF Pyruvate kinase CANLF

81 tr|E2RD02|E2RD02_CANLF Chromosome 6 open reading frame 58 CANLF

82 tr|J9PBN6|J9PBN6_CANLF Uncharacterized protein CANLF

83 tr|F1P9J3|F1P9J3_CANLF Myosin-9 CANLF

84 tr|F1PSX9|F1PSX9_CANLF Hyaluronidase CANLF

85 tr|F1P8G0|F1P8G0_CANLF Fibrinogen gamma chain CANLF

86 tr|J9NSS7|J9NSS7_CANLF Leucine rich alpha-2-glycoprotein 1 CANLF

87 tr|F1PGY1|F1PGY1_CANLF Heat shock protein 90 alpha family class A member 1 CANLF

88 tr|F1PQM1|F1PQM1_CANLF Purine nucleoside phosphorylase CANLF

89 tr|J9P9E9|J9P9E9_CANLF Glucose-6-phosphate 1-dehydrogenase CANLF

90 tr|E2QZ50|E2QZ50_CANLF Adenylyl cyclase-associated protein CANLF

91 tr|J9NY79|J9NY79_CANLF Malate dehydrogenase CANLF

92 tr|J9P4H9|J9P4H9_CANLF Keratin 13 CANLF

93 tr|E2R9B6|E2R9B6_CANLF Fetuin B CANLF

94 sp|Q8WNN6|SODC_CANLF Superoxide dismutase [Cu-Zn] CANLF

95 tr|F1Q3Y0|F1Q3Y0_CANLF Profilin CANLF

96 tr|Q95N05|Q95N05_CANLF Carboxylic ester hydrolase CANLF

97 tr|F1PB68|F1PB68_CANLF Olfactomedin 4 CANLF

98 tr|E2RPK8|E2RPK8_CANLF Phosphatidylethanolamine binding protein 4 CANLF

99 tr|E2RHG2|E2RHG2_CANLF Uncharacterized protein CANLF

100 tr|F1PBL1|F1PBL1_CANLF Uncharacterized protein CANLF

101 tr|F1PBL4|F1PBL4_CANLF Fibrinogen alpha chain CANLF

102 tr|F1PDJ7|F1PDJ7_CANLF Uncharacterized protein CANLF

103 tr|F1P6P2|F1P6P2_CANLF Transgelin CANLF

104 tr|J9PAL7|J9PAL7_CANLF Alpha-amylase CANLF

105 tr|F1Q421|F1Q421_CANLF Plasminogen CANLF

106 tr|E2RLF1|E2RLF1_CANLF Prosaposin CANLF

107 tr|F1PBT3|F1PBT3_CANLF Fructose-bisphosphate aldolase CANLF

108 tr|F6UYJ9|F6UYJ9_CANLF Calreticulin CANLF

109 tr|E2RB38|E2RB38_CANLF Tropomyosin 3 CANLF

110 tr|J9NVC6|J9NVC6_CANLF Immunoglobulin heavy constant mu CANLF

111 tr|E2R735|E2R735_CANLF Amine oxidase CANLF

112 tr|F6V234|F6V234_CANLF Plastin 3 CANLF

113 tr|J9NVM0|J9NVM0_CANLF L-lactate dehydrogenase CANLF

114 tr|F1PW60|F1PW60_CANLF Desmoglein-1 CANLF

115 tr|F1PK62|F1PK62_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

116 tr|F2Z4Q6|F2Z4Q6_CANLF Serum albumin CANLF

117 tr|E2RFK4|E2RFK4_CANLF CD177 molecule CANLF

118 tr|L7N0L3|L7N0L3_CANLF Histone H4 CANLF

119 tr|F1PZC6|F1PZC6_CANLF Histidine rich glycoprotein CANLF

120 tr|J9P4E8|J9P4E8_CANLF Uncharacterized protein CANLF

121 tr|E2R0V4|E2R0V4_CANLF Caspase 14 CANLF

122 tr|F1PTZ9|F1PTZ9_CANLF Glyceraldehyde-3-phosphate dehydrogenase CANLF

123 tr|F1PLS4|F1PLS4_CANLF Uncharacterized protein CANLF

124 tr|F1PAL5|F1PAL5_CANLF Angiotensinogen CANLF

125 tr|F1PW65|F1PW65_CANLF Fibrinogen beta chain CANLF

126 tr|J9PAK3|J9PAK3_CANLF ARP3 actin related protein 3 homolog CANLF

127 tr|Q6TN20|Q6TN20_CANLF Cathelicidin CANLF

128 tr|E2QXS7|E2QXS7_CANLF Adenosylhomocysteinase CANLF

129 tr|E2QY08|E2QY08_CANLF Actinin alpha 1 CANLF

130 tr|F1PC59|F1PC59_CANLF Peroxiredoxin 6 CANLF

131 tr|E2QUU4|E2QUU4_CANLF Keratin 4 CANLF

132 tr|F1PSF3|F1PSF3_CANLF Cysteine rich secretory protein 2 CANLF

133 tr|F1PQ97|F1PQ97_CANLF Alpha-2-macroglobulin like 1 CANLF

134 tr|F1PYE3|F1PYE3_CANLF Heat shock protein 27 kDa beta-1 CANLF

135 tr|E2QYU2|E2QYU2_CANLF Clusterin CANLF

136 tr|F1PFI3|F1PFI3_CANLF Phospholipase C beta 3 CANLF

137 tr|F1PL97|F1PL97_CANLF Protein disulfide-isomerase CANLF

138 tr|J9NWJ5|J9NWJ5_CANLF Thioredoxin CANLF

139 tr|J9P732|J9P732_CANLF Uncharacterized protein CANLF

140 tr|F1PCK2|F1PCK2_CANLF Alpha-1-B glycoprotein CANLF

141 tr|E2R5P5|E2R5P5_CANLF Protein S100 CANLF

142 sp|Q6TEQ7|ANXA2_CANLF Annexin A2 CANLF

143 tr|F1PWR2|F1PWR2_CANLF Uncharacterized protein CANLF

144 tr|J9NTL7|J9NTL7_CANLF Uncharacterized protein CANLF

145 tr|F6XF05|F6XF05_CANLF Peptidyl arginine deiminase 4 CANLF

146 tr|E2R8C2|E2R8C2_CANLF Hexokinase 3 CANLF

147 tr|E2RLS3|E2RLS3_CANLF Heat shock protein 90 alpha family class B member 1 CANLF

148 tr|E2QVU9|E2QVU9_CANLF Biliverdin reductase B CANLF

149 tr|C0LQL0|C0LQL0_CANLF Protein S100 CANLF

150 tr|F1P6B7|F1P6B7_CANLF Annexin CANLF

151 tr|F1PL93|F1PL93_CANLF Rho GDP dissociation inhibitor alpha CANLF

152 tr|G1K268|G1K268_CANLF Uncharacterized protein CANLF

153 tr|F1PUM3|F1PUM3_CANLF Glutathione S-transferase omega 1 CANLF

154 tr|F6XRY2|F6XRY2_CANLF Uncharacterized protein CANLF

155 tr|F1PAQ3|F1PAQ3_CANLF Maltase-glucoamylase CANLF

156 tr|F1PVR0|F1PVR0_CANLF Matrix metalloproteinase CANLF

157 tr|E2QUV3|E2QUV3_CANLF Alpha 2-HS glycoprotein CANLF

158 tr|J9P4Y2|J9P4Y2_CANLF Protein S100 CANLF



159 tr|E2RSF2|E2RSF2_CANLF Superoxide dismutase CANLF

160 tr|J9JHQ2|J9JHQ2_CANLF Xanthine dehydrogenase CANLF

161 tr|F1Q1R1|F1Q1R1_CANLF Malate dehydrogenase CANLF

162 tr|E2QUN9|E2QUN9_CANLF Uncharacterized protein CANLF

163 tr|J9PAD4|J9PAD4_CANLF Uncharacterized protein CANLF

164 tr|A8QWU1|A8QWU1_CANLF Protease inhibitor CANLF

165 tr|L7N095|L7N095_CANLF Keratin 5 CANLF

166 tr|F1PPU5|F1PPU5_CANLF Trefoil factor 3 CANLF

167 tr|L7N0G4|L7N0G4_CANLF Tubulin alpha chain CANLF

168 tr|J9NY67|J9NY67_CANLF Uncharacterized protein CANLF

169 tr|F1PAA4|F1PAA4_CANLF Cadherin-1 CANLF

170 tr|J9NRF9|J9NRF9_CANLF LY6/PLAUR domain containing 3 CANLF

171 tr|F1PTX4|F1PTX4_CANLF Keratin, type II cytoskeletal 2 epidermal CANLF

172 tr|E2RD86|E2RD86_CANLF Protein disulfide-isomerase CANLF

173 tr|F1PKQ1|F1PKQ1_CANLF Uncharacterized protein CANLF

174 tr|F1PBK6|F1PBK6_CANLF Carbonic anhydrase 1 CANLF

175 sp|P63050|RL40_CANLF Ubiquitin-60S ribosomal protein L40 CANLF

176 tr|F1PLT8|F1PLT8_CANLF Sulfhydryl oxidase CANLF

177 tr|J9P0X7|J9P0X7_CANLF Coactosin like F-actin binding protein 1 CANLF

178 tr|J9JHZ3|J9JHZ3_CANLF Uncharacterized protein CANLF

179 tr|F1PGM9|F1PGM9_CANLF Complement component 4 binding protein alpha CANLF

180 tr|E2QZQ1|E2QZQ1_CANLF Uncharacterized protein CANLF

181 tr|F6UME0|F6UME0_CANLF Alpha-2-macroglobulin CANLF

182 tr|F1PF95|F1PF95_CANLF Alkaline phosphatase CANLF

183 tr|E2QSZ5|E2QSZ5_CANLF Coronin CANLF

184 tr|E2RES2|E2RES2_CANLF Serpin family C member 1 CANLF

185 tr|J9P758|J9P758_CANLF Uncharacterized protein CANLF

186 tr|H9GW87|H9GW87_CANLF Transaldolase CANLF

187 tr|E2RCI8|E2RCI8_CANLF Annexin CANLF

188 tr|J9P8M2|J9P8M2_CANLF Fibronectin CANLF

189 tr|F1P658|F1P658_CANLF Arginase CANLF

190 tr|F1PCE8|F1PCE8_CANLF Uncharacterized protein CANLF

191 tr|E2RBA5|E2RBA5_CANLF Chloride channel accessory 1 CANLF

192 tr|J9P284|J9P284_CANLF Family with sequence similarity 3 member B CANLF

193 tr|F1PCG4|F1PCG4_CANLF Peroxiredoxin 2 CANLF

194 tr|F1PJ65|F1PJ65_CANLF IQ motif containing GTPase activating protein 1 CANLF

195 tr|E2RN10|E2RN10_CANLF Beta-2-microglobulin CANLF

196 tr|F1PAR9|F1PAR9_CANLF Epididymal secretory protein E1 CANLF

197 tr|F1PS73|F1PS73_CANLF Cystatin B CANLF

198 tr|E2RC20|E2RC20_CANLF Nucleoside diphosphate kinase CANLF

199 tr|H9GWA3|H9GWA3_CANLF Uncharacterized protein CANLF

200 sp|Q4LAL9|CATD_CANLF Cathepsin D CANLF

201 tr|J9P5V6|J9P5V6_CANLF Talin 1 CANLF

202 tr|E2QUV2|E2QUV2_CANLF X-prolyl aminopeptidase 2 CANLF

203 sp|P05124|KCRB_CANLF Creatine kinase B-type CANLF

204 tr|F1PTQ7|F1PTQ7_CANLF Alpha-lactalbumin CANLF

205 tr|D6BR72|D6BR72_CANLF Keratin 4 CANLF

206 tr|F1PLV2|F1PLV2_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

207 tr|E2RB37|E2RB37_CANLF Uncharacterized protein CANLF

208 tr|F1PYR5|F1PYR5_CANLF Uncharacterized protein CANLF

209 tr|F1PRB0|F1PRB0_CANLF Uncharacterized protein CANLF

210 tr|E2R5B9|E2R5B9_CANLF Glutathione S-transferase CANLF

211 tr|E2QWU0|E2QWU0_CANLF Actin-related protein 2/3 complex subunit 4 CANLF

212 tr|J9P028|J9P028_CANLF Glutathione peroxidase CANLF

213 tr|F1P8L7|F1P8L7_CANLF Rab GDP dissociation inhibitor CANLF

214 tr|E2RLQ9|E2RLQ9_CANLF Valosin containing protein CANLF

215 tr|J9P730|J9P730_CANLF Uncharacterized protein CANLF

216 tr|E2R886|E2R886_CANLF Uncharacterized protein CANLF

217 tr|E2QVW0|E2QVW0_CANLF TNF alpha induced protein 1 CANLF

218 tr|J9NTI8|J9NTI8_CANLF Uncharacterized protein CANLF

219 tr|E2RMJ8|E2RMJ8_CANLF Dynein axonemal heavy chain 10 CANLF

220 tr|F1PBC8|F1PBC8_CANLF Copper transport protein ATOX1 CANLF



221 tr|J9P9V0|J9P9V0_CANLF Uncharacterized protein CANLF

222 tr|J9P0D9|J9P0D9_CANLF Solute carrier family 44 member 2 CANLF

223 tr|J9NVT2|J9NVT2_CANLF Hypoxanthine phosphoribosyltransferase CANLF

224 tr|J9NUV0|J9NUV0_CANLF Ras-related protein Rab-10 CANLF

225 tr|F6Y290|F6Y290_CANLF Leukotriene A(4) hydrolase CANLF

226 tr|F1PUA2|F1PUA2_CANLF Acetyl-coenzyme A synthetase CANLF

227 tr|F1PDY8|F1PDY8_CANLF Carbonic anhydrase 2 CANLF

228 tr|F1P9N2|F1P9N2_CANLF Phospholipase B domain containing 1 CANLF

229 tr|J9P0I1|J9P0I1_CANLF Keratin, type I cytoskeletal 9 CANLF

230 sp|O18873|ALL1_CANLF Major allergen Can f 1 CANLF

231 tr|F2Z4N7|F2Z4N7_CANLF Actin, alpha, cardiac muscle 1 CANLF

232 tr|L7N094|L7N094_CANLF Keratin 3 CANLF

233 tr|F1Q462|F1Q462_CANLF Superoxide dismutase [Cu-Zn] Cu-Zn

234 tr|J9NUN7|J9NUN7_CANLF Uncharacterized protein CANLF

235 tr|E2R7F1|E2R7F1_CANLF Moesin CANLF

236 tr|J9P2G7|J9P2G7_CANLF Cofilin 2 CANLF

237 tr|F1PYZ1|F1PYZ1_CANLF Uncharacterized protein CANLF

238 tr|E2R150|E2R150_CANLF Keratin 24 CANLF

239 tr|J9NRH5|J9NRH5_CANLF Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein gamma CANLF

240 sp|Q50KA9|NDKA_CANLF Nucleoside diphosphate kinase A CANLF

241 tr|J9P1V4|J9P1V4_CANLF Rab GDP dissociation inhibitor CANLF

242 tr|J9P716|J9P716_CANLF Tubulin beta 1 class VI CANLF

243 tr|F1Q1V6|F1Q1V6_CANLF Tudor domain containing 1 CANLF

244 tr|F1PBI6|F1PBI6_CANLF Thrombospondin 1 CANLF

245 tr|E2RQ18|E2RQ18_CANLF Uncharacterized protein CANLF

246 tr|E2RJE4|E2RJE4_CANLF Cystatin CANLF

247 sp|P33703|APOH_CANLF Beta-2-glycoprotein 1 CANLF

248 tr|J9P8J3|J9P8J3_CANLF Uncharacterized protein CANLF

249 tr|J9P7I7|J9P7I7_CANLF SKI proto-oncogene CANLF

250 tr|J9P6I6|J9P6I6_CANLF Oligodendrocyte transcription factor 2 CANLF

251 tr|J9P309|J9P309_CANLF Actin-related protein 2/3 complex subunit 3 CANLF

252 tr|J9P2V6|J9P2V6_CANLF Caspase activity and apoptosis inhibitor 1 CANLF

253 tr|J9P1D5|J9P1D5_CANLF Ankyrin repeat domain 13B CANLF

254 tr|J9NV09|J9NV09_CANLF PML-RARA regulated adaptor molecule 1 CANLF

255 tr|H9GWR3|H9GWR3_CANLF Uncharacterized protein CANLF

256 tr|F1PXE7|F1PXE7_CANLF Aspartic peptidase retroviral like 1 CANLF

257 tr|F1PV95|F1PV95_CANLF Ankyrin repeat domain 52 CANLF

258 tr|F1PUR5|F1PUR5_CANLF Anterior gradient 2, protein disulphide isomerase family member CANLF

259 tr|F1PU81|F1PU81_CANLF Tyrosine-protein phosphatase non-receptor type CANLF

260 tr|F1PU44|F1PU44_CANLF Resistin CANLF

261 tr|F1PRR4|F1PRR4_CANLF Vasodilator-stimulated phosphoprotein CANLF

262 tr|F1PGD2|F1PGD2_CANLF Golgi associated, gamma adaptin ear containing, ARF binding protein 1 CANLF

263 tr|F1PCN7|F1PCN7_CANLF Uncharacterized protein CANLF

264 tr|F1PAF0|F1PAF0_CANLF Tissue alpha-L-fucosidase CANLF

265 tr|F1P9E5|F1P9E5_CANLF Platelet-activating factor acetylhydrolase CANLF

266 tr|E2RSV9|E2RSV9_CANLF Uncharacterized protein CANLF

267 tr|E2RSQ9|E2RSQ9_CANLF Dihydropyrimidine dehydrogenase [NADP(+)] NADP(+)

268 tr|E2RNX5|E2RNX5_CANLF Family with sequence similarity 234 member B CANLF

269 tr|E2RN02|E2RN02_CANLF Platelet activating factor acetylhydrolase 1b catalytic subunit 2 CANLF

270 tr|E2RLZ9|E2RLZ9_CANLF Abhydrolase domain containing 14B CANLF

271 tr|E2RJY0|E2RJY0_CANLF Potassium channel tetramerization domain containing 12 CANLF

272 tr|E2RH59|E2RH59_CANLF Glucosamine-6-phosphate isomerase CANLF

273 tr|E2RGK7|E2RGK7_CANLF Phospholipase A2 inhibitor and LY6/PLAUR domain containing CANLF

274 tr|E2RBC6|E2RBC6_CANLF Uncharacterized protein CANLF

275 tr|E2R830|E2R830_CANLF Carboxypeptidase D CANLF

276 tr|E2R7R1|E2R7R1_CANLF ISG15 ubiquitin-like modifier CANLF

277 tr|E2R7A4|E2R7A4_CANLF Involucrin CANLF

278 tr|E2R5Q3|E2R5Q3_CANLF MLX interacting protein CANLF

279 tr|E2R4V3|E2R4V3_CANLF Serpin family F member 2 CANLF

280 tr|E2QXD6|E2QXD6_CANLF Uncharacterized protein CANLF

281 tr|E2QUP2|E2QUP2_CANLF Uncharacterized protein CANLF

282 tr|E2QTL3|E2QTL3_CANLF Mitochondrial fission 1 protein CANLF

285 tr|E2R6E0|E2R6E0_CANLF Lipocalin like 1 CANLF

286 tr|F1PUY9|F1PUY9_CANLF Uncharacterized protein CANLF

287 tr|E2RPW3|E2RPW3_CANLF Paraoxonase 1 CANLF

288 tr|F1PPQ4|F1PPQ4_CANLF G protein subunit alpha L CANLF

289 tr|F6Y478|F6Y478_CANLF Uncharacterized protein CANLF

290 tr|E2QUU5|E2QUU5_CANLF 60 kDa heat shock protein, mitochondrial CANLF

291 tr|F1Q418|F1Q418_CANLF Inter-alpha-trypsin inhibitor heavy chain 1 CANLF

292 tr|E2R7Q1|E2R7Q1_CANLF Uncharacterized protein CANLF

293 sp|Q7YRU7|DSG3_CANLF Desmoglein-3 CANLF

294 tr|F1P778|F1P778_CANLF S100 calcium binding protein P CANLF

295 tr|E2R446|E2R446_CANLF Coiled-coil domain containing 91 CANLF

296 tr|J9P4F3|J9P4F3_CANLF Vinculin CANLF

297 tr|F1PYQ2|F1PYQ2_CANLF Peptidylprolyl isomerase CANLF

298 tr|F6XY66|F6XY66_CANLF Transforming protein RhoA CANLF

299 tr|E2RFC0|E2RFC0_CANLF Amine oxidase CANLF

300 tr|F1PT44|F1PT44_CANLF Replication timing regulatory factor 1 CANLF

301 tr|J9NXY1|J9NXY1_CANLF Eukaryotic translation initiation factor 5A CANLF

302 tr|F1PWW0|F1PWW0_CANLF Filamin A CANLF



Biological adhesion (1.8%)
     Antioxidant activity (4.8%) Biological regulation (8.9%)
     Binding (37.2%) Cellular component organization or biogenesis (9.6%)
     Catalytic activity (47.3%) Cellular process (27.7%)
     Receptor activity 1.1%) Developmental process (3.5%)
     Signal transducer activity 1.6%) Growth (0.4%)
     Structural molecule activity (6.9%) Immune system process (2.8%)
     Translation regulator activity (1.1%) Localization (6%)

Locomotion (0.7%)
Metabolic process (23.8%)
Multicellular organismal process (2.8%)
Reproduction (1.1%)
Response to stimulus (11%)

Supplementary Figure 1‐ Protein Analysis Through Gene List Analysis (PANTHER, PCS) for molecular functions (left) and biological process (right) of all identified salivary proteins by LC‐MS/MS analysis in the present study.



Max. no. 

peptides Accession number (Uniprot) Protein Name Species

1 J9P1D5_CANLF Ankyrin repeat domain 13B CANLF

4 F1PSF3_CANLF Cysteine rich secretory protein 2 CANLF

3 F1PL93_CANLF Rho GDP dissociation inhibitor alpha CANLF

7 F1PK60_CANLF Transglutaminase 3 CANLF

1 F1PV95_CANLF Ankyrin repeat domain 52 CANLF

4 L7N071_CANLF Actinin alpha 4 CANLF

4 E2R0V4_CANLF Caspase 14 CANLF

1 J9P2V6_CANLF Caspase activity and apoptosis inhibitor 1 CANLF

5 F1PQ93_CANLF Stratifin CANLF

4 F1PQN5_CANLF Cofilin 1 CANLF

3 F1PC59_CANLF Peroxiredoxin 6 CANLF

1 E2R7R1_CANLF ISG15 ubiquitin-like modifier CANLF

2 F1PYE3_CANLF Heat shock protein 27 kDa beta-1 CANLF

1 J9NVT2_CANLF Hypoxanthine phosphoribosyltransferase CANLF

15 E2QWN7_CANLF Lymphocyte cytosolic protein 1 CANLF

1 E2R8Z5_CANLF Keratin 5 CANLF

1 E2QWU0_CANLF Actin-related protein 2/3 complex subunit 4 CANLF

8 E2RAL0_CANLF Rho GDP dissociation inhibitor beta CANLF

3 E2RLF1_CANLF Prosaposin CANLF

1 J9NRH5_CANLF Tyrosine 3-monooxygenase/tryptophan 5-monoox CANLF

6 E2R413_CANLF Capping actin protein, gelsolin like CANLF

1 F1PBI6_CANLF Thrombospondin 1 CANLF

1 F1P8L7_CANLF Rab GDP dissociation inhibitor CANLF

1 F1PFI3_CANLF Phospholipase C beta 3 CANLF

4 J9PAK3_CANLF ARP3 actin related protein 3 homolog CANLF

4 J9NVC6_CANLF Immunoglobulin heavy constant mu CANLF

3 F1PZC6_CANLF Histidine rich glycoprotein CANLF

1 E2RN02_CANLF Platelet activating factor acetylhydrolase 1b cataly CANLF

1 F1PPQ4_CANLF G protein subunit alpha L CANLF

2 E2QY08_CANLF Actinin alpha 1 CANLF

2 F6XF05_CANLF Peptidyl arginine deiminase 4 CANLF

13 E2RCC8_CANLF Immunoglobulin heavy constant mu CANLF

2 F2Z4N7_CANLF Actin, alpha, cardiac muscle 1 CANLF

3 J9NSS7_CANLF Leucine rich alpha-2-glycoprotein 1 CANLF

1 E2RJY0_CANLF Potassium channel tetramerization domain containCANLF

3 RL40_CANLF Ubiquitin-60S ribosomal protein L40 CANLF

1 E2RPW3_CANLF Paraoxonase 1 CANLF

1 J9P6I6_CANLF Oligodendrocyte transcription factor 2 CANLF

7 E2R0A4_CANLF Secretoglobin family 1A member 1 CANLF

6 E2R9B6_CANLF Fetuin B CANLF

1 F1P778_CANLF S100 calcium binding protein P CANLF

1 J9P0X7_CANLF Coactosin like F-actin binding protein 1 CANLF

1 E2R4V3_CANLF Serpin family F member 2 CANLF

1 J9P284_CANLF Family with sequence similarity 3 member B CANLF

7 F1P841_CANLF GC, vitamin D binding protein CANLF

2 E2R8C2_CANLF Hexokinase 3 CANLF

2 F1PGM9_CANLF Complement component 4 binding protein alpha CANLF

1 F1PGD2_CANLF Golgi associated, gamma adaptin ear containing, ACANLF

3 E2QVU9_CANLF Biliverdin reductase B CANLF

1 F1PCG4_CANLF Peroxiredoxin 2 CANLF

1 E2R446_CANLF Coiled-coil domain containing 91 CANLF

Supplementary Table 2 - List of the proteins identified, by LC-MS/MS in obese dog saliva



Table 3 - Correlations between the levels of salivary proteins and serum parameters (triglycerides, total cholesterol and glucose) concentrations.

Protein name Accession Number (Uniprot)

R P N R P N R P N

Uncharacterized protein E2QUP2 0.83 0.001 12 -0.198 0.537 12 -0.174 0.589 12

Protein disulfide-isomerase E2RD86 0.631 0.028 12 0.497 0.1 12 0.164 0.611 12

Joining chain of multimeric IgA and IgM J9JHH5 0.604 0.037 12 0.027 0.933 12 -0.233 0.465 12

Uncharacterized protein E2QUN9 0.748 0.008 11 -0.164 0.63 11 -0.23 0.497 11

Actin-related protein 2/3 complex subunit 4 E2QWU0 0.576 0.05 12 0.385 0.217 12 0.056 0.863 12

Rho GDP dissociation inhibitor beta E2RAL0 0.583 0.047 12 0.649 0.022 12 0.267 0.401 12

Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein gamma J9NRH5 0.6 0.039 12 -0.027 0.934 12 -0.018 0.956 12

Histone H4 L7N0L3 0.638 0.026 12 -0.067 0.835 12 -0.185 0.564 12

Histone H2A L7N0D9 0.61 0.035 12 -0.024 0.94 12 -0.2 0.533 12

Superoxide dismutase E2RSF2 -0.625 0.04 11 -0.321 0.336 11 0.502 0.116 11

Fibrinogen gamma chain F1P8G0 0.622 0.031 12 0.041 0.899 12 -0.143 0.657 12

Uncharacterized protein J9PBN6 0.588 0.044 12 0.007 0.982 12 -0.139 0.667 12

Uncharacterized protein E2R886 -0.65 0.03 11 -0.343 0.302 11 0.468 0.147 11

Uncharacterized protein J9NUN7 0.588 0.044 12 0.253 0.427 12 -0.028 0.932 12

Vinculin J9P4F3 0.471 0.123 12 0.781 0.003 12 0.347 0.27 12

Uncharacterized protein J9P732 0.356 0.256 12 0.879 0.0 12 0.366 0.243 12

Mucin 7, secreted J9P2K8 0.578 0.08 10 0.695 0.026 10 -0.198 0.583 10

Rho GDP dissociation inhibitor alpha F1PL93 0.267 0.401 12 0.802 0.002 12 0.386 0.215 12

Phosphoglycerate mutase E2RT65 0.322 0.333 11 0.881 0.0 11 0.406 0.216 11

Actinin alpha 4 L7N071 0.001 0.999 11 0.632 0.037 11 0.051 0.882 11

Transgelin F1P6P2 -0.209 0.514 12 0.617 0.033 12 0.055 0.864 12

Adenosylhomocysteinase E2QXS7 0.044 0.893 12 0.721 0.008 12 0.233 0.467 12

Ras-related protein Rab-10 J9NUV0 0.166 0.626 11 0.7 0.016 11 0.318 0.34 11

Uncharacterized protein J9P9V0 0.21 0.512 12 0.759 0.004 12 0.274 0.389 12

Protein S100 C0LQL0 0.176 0.585 12 0.919 0.0 12 0.309 0.328 12

Tropomyosin 3 E2RB38 0.368 0.239 12 0.621 0.031 12 0.293 0.356 12

Adenylyl cyclase-associated protein E2QZ50 0.453 0.139 12 0.717 0.009 12 0.391 0.209 12

Fructose-bisphosphate aldolase F1PBT3 0.373 0.233 12 0.655 0.021 12 0.149 0.644 12

Lymphocyte cytosolic protein 1 E2QWN7 0.539 0.071 12 0.602 0.038 12 0.308 0.33 12

Glucose-6-phosphate isomerase E2R2C3 0.52 0.083 12 0.692 0.013 12 0.154 0.632 12

Thioredoxin J9NWJ5 0.165 0.627 11 0.862 0.001 11 0.211 0.533 11

Peptidyl-prolyl cis-trans isomerase J9NV93 0.092 0.788 11 0.867 0.001 11 0.186 0.584 11

Uncharacterized protein E2R0T6 0.553 0.062 12 0.609 0.036 12 0.24 0.452 12

Enolase 1 F1PCH3 0.419 0.176 12 0.663 0.019 12 0.241 0.45 12

Peptidyl-prolyl cis-trans isomerase F1PK62 0.408 0.188 12 0.775 0.003 12 0.234 0.464 12

Purine nucleoside phosphorylase F1PQM1 0.006 0.986 12 0.846 0.001 12 0.358 0.253 12

Ceruloplasmin F1PAX2 -0.155 0.63 12 0.631 0.028 12 0.016 0.961 12

Transketolase F1PE28 0.198 0.56 11 0.734 0.01 11 0.251 0.456 11

Thrombospondin 1 F1PBI6 -0.067 0.845 11 0.663 0.026 11 -0.045 0.896 11

Platelet activating factor acetylhydrolase 1b catalytic subunit 2 E2RN02 0.012 0.972 12 0.633 0.027 12 0.469 0.124 12

Actinin alpha 1 E2QY08 0.29 0.36 12 0.731 0.007 12 0.463 0.129 12

Matrix metalloproteinase F1PYF5 0.163 0.613 12 0.601 0.039 12 0.592 0.042 12

Angiotensinogen F1PAL5 -0.228 0.5 11 0.609 0.047 11 0.088 0.798 11

Uncharacterized protein H9GWR3 0.028 0.936 11 0.772 0.005 11 0.214 0.527 11

Elastase, neutrophil expressed Q8MJD1 0.118 0.714 12 0.852 0.0 12 0.243 0.447 12

Haptoglobin G1K2D9 0.372 0.233 12 0.636 0.026 12 0.403 0.195 12

Uncharacterized protein E2RB37 -0.114 0.724 12 0.758 0.004 12 0.317 0.315 12

Paraoxonase 1 E2RPW3 -0.175 0.607 11 0.778 0.005 11 0.14 0.681 11

IQ motif containing GTPase activating protein 1 F1PJ65 0.501 0.097 12 0.697 0.012 12 0.202 0.53 12

S100 calcium binding protein P F1P778 0.188 0.559 12 0.818 0.001 12 0.423 0.17 12

Capping actin protein, gelsolin like E2R413 -0.219 0.518 11 0.17 0.618 11 0.807 0.003 11

Profilin F1Q3Y0 -0.242 0.473 11 -0.119 0.727 11 0.672 0.024 11

Cholesterol Triglycerides Glucose



Antioxidant activity (9.1%)
Binding (45.5%) Binding (40%)
Catalytic activity (36.4%) Catalytic activity (56%)
Structural molecule activity (9.1%) Structural molecule activity (4%)

Supplementary Figure 2 ‐ Protein Analysis Through Gene List Analysis (PANTHER) for molecular functions of the  salivary proteins  correlated with cholesterol (left) and triglycerides (right).



Biological adhesion (7.1%)
Biological regulation (21.4%)
Cellular component organization or biogenesis (14.3%) Biological regulation (6.7%)
Cellular process (35.7%) Cellular component organization or biogenesis (13.3%)
Developmental process (7.1%) Cellular process (33.3%)
Metabolic process (7.1%) Localization (6.7%)
Response to stimulus (7.1%) Metabolic process (30%)

Multicellular organismal process (3.3%)
Response to stimulus (6.7%)

Supplementary Figure 3 ‐ Protein Analysis Through Gene List Analysis (PANTHER) for biological processes of the salivary proteins correlated with cholesterol (left) and triglycerides (right).





Max. No. Peptides
Acession number (Uniprot) Protein name species

1 F1PCG4_CANLF Peroxiredoxin 2 CANLF

1 J9NY67_CANLF Uncharacterized protein CANLF

1 E2RLQ9_CANLF Valosin containing protein CANLF

1 L7N0G4_CANLF Tubulin alpha chain CANLF

1 E2RQ18_CANLF Uncharacterized protein CANLF

1 E2RN02_CANLF Platelet activating factor acetylhydrolase 1b cCANLF

1 E2R735_CANLF Amine oxidase CANLF

1 F1PF95_CANLF Alkaline phosphatase CANLF

1 F1PLT8_CANLF Sulfhydryl oxidase CANLF

1 F6Y290_CANLF Leukotriene A(4) hydrolase CANLF

1 J9P9V0_CANLF Uncharacterized protein CANLF

1 E2RSQ9_CANLF Dihydropyrimidine dehydrogenase [NADP(+)] CANLF

1 F1PL97_CANLF Protein disulfide-isomerase CANLF

1 E2QTL3_CANLF Mitochondrial fission 1 protein CANLF

1 E2R886_CANLF Uncharacterized protein CANLF

1 F1PTX4_CANLF Keratin, type II cytoskeletal 2 epidermal CANLF

1 E2QVU9_CANLF Biliverdin reductase B CANLF

1 E2RCI8_CANLF Annexin CANLF

1 J9JHZ3_CANLF Uncharacterized protein CANLF

1 J9P2V6_CANLF Caspase activity and apoptosis inhibitor 1 CANLF

1 J9P8J3_CANLF Uncharacterized protein CANLF

1 CATD_CANLF Cathepsin D CANLF

1 J9NVT2_CANLF Hypoxanthine phosphoribosyltransferase CANLF

1 J9P8M2_CANLF Fibronectin CANLF

1 J9P758_CANLF Uncharacterized protein CANLF

1 F1PFI3_CANLF Phospholipase C beta 3 CANLF

1 E2RSF2_CANLF Superoxide dismutase CANLF

1 E2QXS7_CANLF Adenosylhomocysteinase CANLF

1 F1PXE7_CANLF Aspartic peptidase retroviral like 1 CANLF

1 DSG3_CANLF Desmoglein-3 CANLF

1 F1Q421_CANLF Plasminogen CANLF

1 J9P716_CANLF Tubulin beta 1 class VI CANLF

2 J9P0X7_CANLF Coactosin like F-actin binding protein 1 CANLF

1 E2QZQ1_CANLF Uncharacterized protein CANLF

1 E2R0V4_CANLF Caspase 14 CANLF

1 KCRB_CANLF Creatine kinase B-type CANLF

1 E2R5B9_CANLF Glutathione S-transferase CANLF

1 J9NRH5_CANLF Tyrosine 3-monooxygenase/tryptophan 5-mo CANLF

1 J9P1D5_CANLF Ankyrin repeat domain 13B CANLF

1 L7N094_CANLF Keratin 3 CANLF

1 J9P0I1_CANLF Keratin, type I cytoskeletal 9 CANLF

1 J9P4F3_CANLF Vinculin CANLF

1 E2RES2_CANLF Serpin family C member 1 CANLF

1 J9P732_CANLF Uncharacterized protein CANLF

1 ANXA2_CANLF Annexin A2 CANLF

1 F1PYR5_CANLF Uncharacterized protein CANLF

1 E2RBA5_CANLF Chloride channel accessory 1 CANLF

1 F1PGM9_CANLF Complement component 4 binding protein al CANLF

1 NDKA_CANLF Nucleoside diphosphate kinase A CANLF

1 F1PLV2_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

3 F1PGY1_CANLF Heat shock protein 90 alpha family class A meCANLF

1 J9P284_CANLF Family with sequence similarity 3 member B CANLF

2 E2R8C2_CANLF Hexokinase 3 CANLF

1 J9NUV0_CANLF Ras-related protein Rab-10 CANLF

1 F6Y478_CANLF Uncharacterized protein CANLF

1 J9P1V4_CANLF Rab GDP dissociation inhibitor CANLF

1 E2RD86_CANLF Protein disulfide-isomerase CANLF

1 H9GW87_CANLF Transaldolase CANLF

1 E2RHG2_CANLF Uncharacterized protein CANLF

2 F1PUM3_CANLF Glutathione S-transferase omega 1 CANLF

1 E2QUN9_CANLF Uncharacterized protein CANLF

1 E2RB37_CANLF Uncharacterized protein CANLF

1 F1PJ65_CANLF IQ motif containing GTPase activating protein CANLF

1 E2RGK7_CANLF Phospholipase A2 inhibitor and LY6/PLAUR doCANLF

1 F1P9E5_CANLF Platelet-activating factor acetylhydrolase CANLF

1 E2QUV2_CANLF X-prolyl aminopeptidase 2 CANLF

1 J9JHQ2_CANLF Xanthine dehydrogenase CANLF

1 E2RJY0_CANLF Potassium channel tetramerization domain coCANLF

2 J9P730_CANLF Uncharacterized protein CANLF

1 F1PBC8_CANLF Copper transport protein ATOX1 CANLF

1 F1PBK6_CANLF Carbonic anhydrase 1 CANLF

1 E2RBC6_CANLF Uncharacterized protein CANLF

1 F1PVR0_CANLF Matrix metalloproteinase CANLF

1 H9GWA3_CANLF Uncharacterized protein CANLF

3 E2QY08_CANLF Actinin alpha 1 CANLF

2 F1PAL5_CANLF Angiotensinogen CANLF

2 J9NTL7_CANLF Uncharacterized protein CANLF

1 F1PBI6_CANLF Thrombospondin 1 CANLF

1 F1PPQ4_CANLF G protein subunit alpha L CANLF

1 E2QUP2_CANLF Uncharacterized protein CANLF

1 F1PLS4_CANLF Uncharacterized protein CANLF

1 E2R6E0_CANLF Lipocalin like 1 CANLF

1 F1PAF0_CANLF Tissue alpha-L-fucosidase CANLF

3 F1PZC6_CANLF Histidine rich glycoprotein CANLF

Supplementary Table 1 - List of the proteins identified, by LC-MS/MS in obese dog saliva



2 F1PTZ9_CANLF Glyceraldehyde-3-phosphate dehydrogenase CANLF

1 E2R446_CANLF Coiled-coil domain containing 91 CANLF

1 E2QWU0_CANLF Actin-related protein 2/3 complex subunit 4 CANLF

2 F6V234_CANLF Plastin 3 CANLF

2 J9PAK3_CANLF ARP3 actin related protein 3 homolog CANLF

2 J9PAD4_CANLF Uncharacterized protein CANLF

1 J9P6I6_CANLF Oligodendrocyte transcription factor 2 CANLF

2 F1PTQ7_CANLF Alpha-lactalbumin CANLF

4 F1PKQ1_CANLF Uncharacterized protein CANLF

2 F1PAR9_CANLF Epididymal secretory protein E1 CANLF

3 E2QSZ5_CANLF Coronin CANLF

4 F1P9J3_CANLF Myosin-9 CANLF

2 F1PWR2_CANLF Uncharacterized protein CANLF

1 F1P9N2_CANLF Phospholipase B domain containing 1 CANLF

4 F6UME0_CANLF Alpha-2-macroglobulin CANLF

2 F1PQ97_CANLF Alpha-2-macroglobulin like 1 CANLF

1 E2RB38_CANLF Tropomyosin 3 CANLF

1 F1PU81_CANLF Tyrosine-protein phosphatase non-receptor tyCANLF

2 G1K268_CANLF Uncharacterized protein CANLF

3 J9NTI8_CANLF Uncharacterized protein CANLF

2 E2RN10_CANLF Beta-2-microglobulin CANLF

1 J9P028_CANLF Glutathione peroxidase CANLF

1 F1P8L7_CANLF Rab GDP dissociation inhibitor CANLF

3 J9NV93_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

2 F1Q1R1_CANLF Malate dehydrogenase CANLF

1 E2R8Z5_CANLF Keratin 5 CANLF

3 J9PAL7_CANLF Alpha-amylase CANLF

1 E2RLS3_CANLF Heat shock protein 90 alpha family class B meCANLF

2 F6XF05_CANLF Peptidyl arginine deiminase 4 CANLF

2 J9NRF9_CANLF LY6/PLAUR domain containing 3 CANLF

4 J9NY79_CANLF Malate dehydrogenase CANLF

1 F1PV95_CANLF Ankyrin repeat domain 52 CANLF

4 F1P841_CANLF GC, vitamin D binding protein CANLF

2 F1PAA4_CANLF Cadherin-1 CANLF

2 E2QYU2_CANLF Clusterin CANLF

3 E2RSI6_CANLF Ezrin CANLF

3 F1PYE3_CANLF Heat shock protein 27 kDa beta-1 CANLF

3 F1PQN5_CANLF Cofilin 1 CANLF

1 F6XRY2_CANLF Uncharacterized protein CANLF

3 F1PK62_CANLF Peptidyl-prolyl cis-trans isomerase CANLF

3 E2R9B6_CANLF Fetuin B CANLF

2 F1PC59_CANLF Peroxiredoxin 6 CANLF

1 RL40_CANLF Ubiquitin-60S ribosomal protein L40 CANLF

2 E2QUU4_CANLF Keratin 4 CANLF

2 F1PBT3_CANLF Fructose-bisphosphate aldolase CANLF

3 F1PL93_CANLF Rho GDP dissociation inhibitor alpha CANLF

4 F1PIC7_CANLF Uncharacterized protein CANLF

2 F1PAQ3_CANLF Maltase-glucoamylase CANLF

2 F1PCK2_CANLF Alpha-1-B glycoprotein CANLF

2 E2RJE4_CANLF Cystatin CANLF

4 F1PHR2_CANLF Pyruvate kinase CANLF

1 E2R830_CANLF Carboxypeptidase D CANLF

2 F1P8G0_CANLF Fibrinogen gamma chain CANLF

4 J9P4H9_CANLF Keratin 13 CANLF

2 F1P6P2_CANLF Transgelin CANLF

3 F1PW60_CANLF Desmoglein-1 CANLF

4 F1PUY9_CANLF Uncharacterized protein CANLF

3 E2RLF1_CANLF Prosaposin CANLF

5 F1PK60_CANLF Transglutaminase 3 CANLF

4 F1PB68_CANLF Olfactomedin 4 CANLF

6 E2R413_CANLF Capping actin protein, gelsolin like CANLF

2 F2Z4N7_CANLF Actin, alpha, cardiac muscle 1 CANLF

4 L7N071_CANLF Actinin alpha 4 CANLF

4 F1PW65_CANLF Fibrinogen beta chain CANLF

3 F1PBL4_CANLF Fibrinogen alpha chain CANLF

3 F1PBL1_CANLF Uncharacterized protein CANLF

5 J9PBN6_CANLF Uncharacterized protein CANLF

3 J9NWJ5_CANLF Thioredoxin CANLF

3 J9NSS7_CANLF Leucine rich alpha-2-glycoprotein 1 CANLF

4 E2QZ50_CANLF Adenylyl cyclase-associated protein CANLF

5 F1PTY1_CANLF Keratin, type II cytoskeletal 1 CANLF

3 J9NVM0_CANLF L-lactate dehydrogenase CANLF

4 F6UYJ9_CANLF Calreticulin CANLF

4 Q95N05_CANLF Carboxylic ester hydrolase CANLF

2 F1P6B7_CANLF Annexin CANLF

4 F1PDJ7_CANLF Uncharacterized protein CANLF



1 F1Q462_CANLF Superoxide dismutase [Cu-Zn] CANLF

2 F1Q3Y0_CANLF Profilin CANLF

2 L7N095_CANLF Keratin 5 CANLF

3 F1PQM1_CANLF Purine nucleoside phosphorylase CANLF

4 F1PB77_CANLF Alpha-1,4 glucan phosphorylase CANLF

2 J9P4E8_CANLF Uncharacterized protein CANLF

5 F1PVW0_CANLF L-lactate dehydrogenase CANLF

2 J9NVC6_CANLF Immunoglobulin heavy constant mu CANLF

4 J9P7D5_CANLF Glutathione S-transferase mu 4 CANLF

7 E2RT65_CANLF Phosphoglycerate mutase CANLF

6 F1PQ93_CANLF Stratifin CANLF

3 C0LQL0_CANLF Protein S100 CANLF

5 J9P839_CANLF Uncharacterized protein CANLF

6 F1PAX2_CANLF Ceruloplasmin CANLF

2 J9P9E9_CANLF Glucose-6-phosphate 1-dehydrogenase CANLF

6 F1PZR4_CANLF Hemopexin CANLF

3 E2RPK8_CANLF Phosphatidylethanolamine binding protein 4 CANLF

3 E2RFK4_CANLF CD177 molecule CANLF

6 F1PYU9_CANLF Keratin, type I cytoskeletal 10 CANLF

3 J9P7B6_CANLF Uncharacterized protein CANLF

4 Q6TN20_CANLF Cathelicidin CANLF

2 F1PPU5_CANLF Trefoil factor 3 CANLF

5 F1PE09_CANLF 6-phosphogluconate dehydrogenase, decarboCANLF

8 E2RAL0_CANLF Rho GDP dissociation inhibitor beta CANLF

7 J9P6A9_CANLF Desmocollin 2 CANLF

4 F2Z4Q6_CANLF Serum albumin CANLF

1 J9NUN7_CANLF Uncharacterized protein CANLF

8 F6Y3P9_CANLF Gelsolin CANLF

1 F1P778_CANLF S100 calcium binding protein P CANLF

7 A0A0A0MPD0_CANLF Triosephosphate isomerase CANLF

8 E2RD02_CANLF Chromosome 6 open reading frame 58 CANLF

4 ALBU_CANLF Serum albumin CANLF

5 E2R002_CANLF Prostaglandin reductase 1 CANLF

7 E2R5P5_CANLF Protein S100 CANLF

3 F1PCE8_CANLF Uncharacterized protein CANLF

5 F1PYF5_CANLF Matrix metalloproteinase CANLF

9 E2R2C3_CANLF Glucose-6-phosphate isomerase CANLF

15 F1PDJ5_CANLF Apolipoprotein A-I CANLF

8 J9P950_CANLF Uncharacterized protein CANLF

10 J9NXE2_CANLF Actin, cytoplasmic 1 Actin, cytoplasmic 1, N-teCANLF

6 E2R0T6_CANLF Uncharacterized protein CANLF

14 F1PIX8_CANLF Complement C3 CANLF

7 L7N0D9_CANLF Histone H2A CANLF

4 F1PSF3_CANLF Cysteine rich secretory protein 2 CANLF

9 J9P0R6_CANLF Myeloperoxidase CANLF

11 F1Q0B9_CANLF Uncharacterized protein CANLF

4 HBB_CANLF Hemoglobin subunit beta CANLF

10 Q8MJD1_CANLF Elastase, neutrophil expressed CANLF

13 E2QWD8_CANLF Uncharacterized protein CANLF

14 F1PE28_CANLF Transketolase CANLF

15 E2QWN7_CANLF Lymphocyte cytosolic protein 1 CANLF

13 F1PCH3_CANLF Enolase 1 CANLF

11 J9PAQ5_CANLF Protein S100 CANLF

8 F1PSX9_CANLF Hyaluronidase CANLF

13 J9P430_CANLF Transferrin CANLF

10 F1PBZ4_CANLF NAD(P)H quinone dehydrogenase 1 CANLF

8 J9P2K8_CANLF Mucin 7, secreted CANLF

3 L7N0L3_CANLF Histone H4 CANLF

8 E2R0A4_CANLF Secretoglobin family 1A member 1 CANLF

11 E2QXE7_CANLF BPI fold containing family A member 1 CANLF

14 G1K2D9_CANLF Haptoglobin CANLF

5 J9NS47_CANLF Histone H2B CANLF

9 J9JHH5_CANLF Joining chain of multimeric IgA and IgM CANLF

10 F1PRV8_CANLF Deleted in malignant brain tumors 1 CANLF

8 A0A077S9R2_CANLF Lysozyme CANLF

10 E2RCC8_CANLF Immunoglobulin heavy constant mu CANLF

11 F1Q2Y5_CANLF Zymogen granule protein 16B CANLF

14 J9NXL3_CANLF Uncharacterized protein CANLF

15 E2RFI9_CANLF Lactoperoxidase CANLF

14 F1PR78_CANLF Uncharacterized protein CANLF

13 F1PCG9_CANLF Carbonic anhydrase 6 CANLF

15 E2QWJ3_CANLF BPI fold containing family B member 1 CANLF

13 E2R0H6_CANLF Prolactin induced protein CANLF

15 F6USN4_CANLF Uncharacterized protein CANLF

14 J9NSZ4_CANLF Uncharacterized protein CANLF

14 ALL2_CANLF Minor allergen Can f 2 CANLF

14 F1PR54_CANLF Uncharacterized protein CANLF

15 E2R2B9_CANLF BPI fold containing family B member 2 CANLF

13 L7N0F2_CANLF Uncharacterized protein CANLF

15 J9JHJ8_CANLF Mucin 5B, oligomeric mucus/gel-forming CANLF

15 G1K265_CANLF Lysozyme CANLF

15 E2RH46_CANLF Uncharacterized protein CANLF

15 F1Q3K7_CANLF Uncharacterized protein CANLF

14 F6Y6T8_CANLF Uncharacterized protein CANLF

15 F1P931_CANLF Uncharacterized protein CANLF

14 F1P6A9_CANLF Uncharacterized protein CANLF

15 J9P9J6_CANLF Uncharacterized protein CANLF

15 E2QXJ0_CANLF BPI fold containing family A member 2 CANLF
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Supplementary Figure 1‐ Protein Analysis Through Gene List Analysis (PANTHER, PCS) for molecular functions of all identified salivary proteins by LC‐MS/MS analysis in the present study.
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Supplementary Figure 2‐ Protein Analysis Through Gene List Analysis (PANTHER, PCS) for biological processes of all identified salivary proteins by LC‐MS/MS analysis 
in the present study.



Protein name Accession Number (Uniprot)

R P N R P N R P N

BPI fold containing family B member 1 E2QWJ3 -0.4 0.6 8 1 0.0 8 1 0.0 8

Uncharacterized protein L7N0F2 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Myeloperoxidase J9P0R6 0.5 0.667 9 -1 0.0 9 -1 0.0 9

Lysozyme G1K265 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Uncharacterized protein J9NSZ4 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Protein S100 J9PAQ5 0.5 0.667 8 -1 0.0 8 -1 0.0 8

Actinin alpha 4 L7N071 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Prolactin induced protein E2R0H6 -1 0.0 8 0.5 0.667 8 0.5 0.667 8

Uncharacterized protein J9P950 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Deleted in malignant brain tumors 1 F1PRV8 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Uncharacterized protein E2R0T6 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Enolase 1 F1PCH3 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Glucose-6-phosphate isomerase E2R2C3 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Zymogen granule protein 16B F1Q2Y5 -0.5 0.667 9 1 0.0 9 1 0.0 9

Uncharacterized protein J9P7B6 0.5 0.667 9 -1 0.0 9 -1 0.0 9

NAD(P)H quinone dehydrogenase 1 F1PBZ4 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Keratin, type I cytoskeletal 10 F1PYU9 -1 0.0 9 0.5 0.667 9 0.5 0.667 9

Elastase, neutrophil expressed Q8MJD1 0.5 0.667 9 -1 0.0 9 -1 0.0 9

Triosephosphate isomerase A0A0A0MPD0 0.5 0.667 10 -1 0.0 10 -1 0.0 10

GC, vitamin D binding protein F1P841 -0.5 0.667 10 1 0.0 10 -1 0.0 10

Stratifin F1PQ93 0.5 0.667 10 1 0.0 10 -1 0.0 10

Uncharacterized protein F1Q0B9 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Peptidyl-prolyl cis-trans isomerase J9NV93 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Capping actin protein, gelsolin like E2R413 0.5 0.667 9 -1 0.0 9 -1 0.0 9

Transglutaminase 3 F1PK60 0.5 0.667 10 -1 0.0 10 -1 0.0 10

Joining chain of multimeric IgA and IgM J9JHH5 1 0.0 10 -1 0.0 10 -1 0.0 10

Gelsolin F6Y3P9 1 0.0 9 -1 0.0 9 -1 0.0 9

6-phosphogluconate dehydrogenase, decaF1PE09 1 0.0 10 -1 0.0 10 -1 0.0 10

Desmocollin 2 J9P6A9 1 0.0 9 -1 0.0 9 -1 0.0 9

Matrix metalloproteinase F1PYF5 1 0.0 9 -1 0.0 9 -1 0.0 9

Prostaglandin reductase 1 E2R002 1 0.0 9 -1 0.0 9 -1 0.0 9

Keratin 5 E2R8Z5 1 0.0 8 -1 0.0 8 -1 0.0 8

Mucin 7, secreted J9P2K8 -1 0.0 8 1 0.0 8 1 0.0 8

Phosphoglycerate mutase E2RT65 1 0.0 9 -1 0.0 9 -1 0.0 9

Histone H2A L7N0D9 1 0.0 10 -1 0.0 10 -1 0.0 10

Ezrin E2RSI6 1 0.0 10 -1 0.0 10 -1 0.0 10

Glutathione S-transferase mu 4 J9P7D5 1 0.0 9 -1 0.0 9 -1 0.0 9

Rho GDP dissociation inhibitor beta E2RAL0 1 0.0 9 -1 0.0 9 -1 0.0 9

Uncharacterized protein F1PIC7 1 0.0 10 -1 0.0 10 -1 0.0 10

Alpha-1,4 glucan phosphorylase F1PB77 1 0.0 9 -1 0.0 9 -1 0.0 9

Histone H2B J9NS47 1 0.0 10 -1 0.0 10 -1 0.0 10

Myosin-9 F1P9J3 1 0.0 8 -1 0.0 8 -1 0.0 8

Hyaluronidase F1PSX9 1 0.0 10 -1 0.0 10 -1 0.0 10

Fibrinogen gamma chain F1P8G0 1 0.0 10 -1 0.0 10 -1 0.0 10

Heat shock protein 90 alpha family class F1PGY1 1 0.0 10 -1 0.0 10 -1 0.0 10

Purine nucleoside phosphorylase F1PQM1 1 0.0 10 -1 0.0 10 -1 0.0 10

Profilin F1Q3Y0 0.143 0.787 10 -0.829 0.042 10 -0.829 0.042 10

Phosphatidylethanolamine binding protei  E2RPK8 0.886 0.019 8 -0.657 0.156 8 -0.429 0.397 8

Transgelin F1P6P2 0.429 0.397 10 -0.943 0.005 10 -0.771 0.072 10

L-lactate dehydrogenase J9NVM0 0.371 0.468 10 -0.657 0.156 10 -0.829 0.042 10

Peptidyl-prolyl cis-trans isomerase F1PK62 0.086 0.872 10 -0.429 0.397 10 -0.829 0.042 10

CD177 molecule E2RFK4 -0.829 0.042 10 -0.543 0.266 10 -0.486 0.329 10

Fibrinogen beta chain F1PW65 0.086 0.872 9 -0.543 0.266 9 -0.886 0.019 9

Actinin alpha 1 E2QY08 0.943 0.005 9 -0.657 0.156 9 -0.486 0.329 9

Peroxiredoxin 6 F1PC59 0.314 0.544 9 -0.371 0.468 9 -0.886 0.019 9

Clusterin E2QYU2 -0.657 0.156 10 0.886 0.019 10 0.771 0.072 10

Protein disulfide-isomerase F1PL97 0.543 0.266 10 -1 0.0 10 -0.657 0.156 10

Thioredoxin J9NWJ5 0.486 0.329 9 -0.886 0.019 9 -0.714 0.111 9

Protein S100 E2R5P5 0.771 0.072 10 -0.886 0.019 10 -0.771 0.072 10

Uncharacterized protein F1PWR2 0.086 0.872 8 -0.543 0.266 8 -0.886 0.019 8

Hexokinase 3 E2R8C2 0.829 0.042 9 -0.829 0.042 9 -0.714 0.111 9

Annexin F1P6B7 0.143 0.787 9 0.2 0.704 9 -0.943 0.005 9

Rho GDP dissociation inhibitor alpha F1PL93 0.143 0.787 9 0.2 0.704 9 -0.943 0.005 9

Uncharacterized protein G1K268 0.314 0.544 9 0.257 0.623 9 -0.886 0.019 9

Glutathione S-transferase omega 1 F1PUM3 0.143 0.787 10 0.486 0.329 10 -0.829 0.042 10

Uncharacterized protein F6XRY2 0.2 0.704 10 0.029 0.957 10 -0.886 0.019 10

Superoxide dismutase E2RSF2 0.829 0.042 9 -0.6 0.208 9 -0.371 0.468 9

Xanthine dehydrogenase J9JHQ2 0.314 0.544 10 0.257 0.623 10 -0.886 0.019 10

Uncharacterized protein J9NY67 0.143 0.787 10 0.2 0.704 10 -0.943 0.005 10

Epididymal secretory protein E1 F1PAR9 0.829 0.042 10 -0.771 0.072 10 -0.429 0.397 10

Peptidyl-prolyl cis-trans isomerase F1PLV2 0.486 0.329 10 -0.257 0.623 10 -0.943 0.005 10

Uncharacterized protein E2RB37 0.6 0.208 10 -0.371 0.468 10 -0.886 0.019 10

Uncharacterized protein F1PYR5 -0.5 0.667 10 1 0.0 10 -0.5 0.667 10

Glutathione S-transferase E2R5B9 0.5 0.667 10 0.5 0.667 10 -1 0.0 10

Actin-related protein 2/3 complex subuni  E2QWU0 0.5 0.667 10 -1 0.0 10 0.5 0.667 10

Glutathione peroxidase J9P028 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Triglycerides Cholesterol Glucose

Table 2 - Correlations between the levels of salivary proteins and serum parameters (triglycerides, total cholesterol and glucose) concentrations.



Rab GDP dissociation inhibitor F1P8L7 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Valosin containing protein E2RLQ9 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Uncharacterized protein J9P730 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Uncharacterized protein E2R886 0.5 0.667 9 0.5 0.667 9 -1 0.0 9

Uncharacterized protein J9NTI8 -0.5 0.667 9 -0.5 0.667 9 1 0.0 9

Copper transport protein ATOX1 F1PBC8 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Uncharacterized protein J9P9V0 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Hypoxanthine phosphoribosyltransferase J9NVT2 -0.5 0.667 9 -0.5 0.667 9 1 0.0 9

Ras-related protein Rab-10 J9NUV0 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Leukotriene A(4) hydrolase F6Y290 0.5 0.667 9 0.5 0.667 9 -1 0.0 9

Phospholipase B domain containing 1 F1P9N2 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Keratin, type I cytoskeletal 9 J9P0I1 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Actin, alpha, cardiac muscle 1 F2Z4N7 0.5 0.667 10 0.5 0.667 10 -1 0.0 10

Keratin 3 L7N094 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Superoxide dismutase [Cu-Zn] F1Q462 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Uncharacterized protein J9NUN7 -0.5 0.667 10 -0.5 0.667 10 1 0.0 10

Tyrosine 3-monooxygenase/tryptophan 5 J9NRH5 0.5 0.667 9 0.5 0.667 9 -1 0.0 9

Nucleoside diphosphate kinase A Q50KA9 -0.5 0.667 10 -0.5 0.667 10 1 0.0 10

Rab GDP dissociation inhibitor J9P1V4 -1 0.0 8 0.5 0.667 8 0.5 0.667 8

Tubulin beta 1 class VI J9P716 0.5 0.667 10 0.5 0.667 10 -1 0.0 10

Thrombospondin 1 F1PBI6 -0.5 0.667 8 -0.5 0.667 8 1 0.0 8

Uncharacterized protein E2RQ18 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Cystatin E2RJE4 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Uncharacterized protein J9P8J3 1 0.0 10 0.5 0.667 10 0.5 0.667 10

Oligodendrocyte transcription factor 2 J9P6I6 0.5 0.667 9 0.5 0.667 9 -1 0.0 9

Caspase activity and apoptosis inhibitor 1J9P2V6 -1 0.0 10 0.5 0.667 10 0.5 0.667 10

Ankyrin repeat domain 13B J9P1D5 0.5 0.667 10 -1 0.0 10 0.5 0.667 10

Aspartic peptidase retroviral like 1 F1PXE7 -1 0.0 9 0.5 0.667 9 0.5 0.667 9

Ankyrin repeat domain 52 F1PV95 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Tyrosine-protein phosphatase non-receptoF1PU81 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Tissue alpha-L-fucosidase F1PAF0 0.5 0.667 10 -1 0.0 10 0.5 0.667 10

Platelet-activating factor acetylhydrolase F1P9E5 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Dihydropyrimidine dehydrogenase [NADE2RSQ9 1 0.0 10 0.5 0.667 10 -1 0.0 10

Platelet activating factor acetylhydrolase E2RN02 1 0.0 9 -0.5 0.667 9 -0.5 0.667 9

Potassium channel tetramerization domaiE2RJY0 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Phospholipase A2 inhibitor and LY6/PLAE2RGK7 -1 0.0 9 0.5 0.667 9 0.5 0.667 9

Uncharacterized protein E2RBC6 0.5 0.667 8 0.5 0.667 8 -1 0.0 8

Carboxypeptidase D E2R830 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

Uncharacterized protein E2QUP2 -0.5 0.667 8 1 0.0 8 -0.5 0.667 8

Mitochondrial fission 1 protein E2QTL3 0.5 0.667 10 0.5 0.667 10 -1 0.0 10

Lipocalin like 1 E2R6E0 0.5 0.667 8 -1 0.0 8 0.5 0.667 8

Uncharacterized protein F1PUY9 1 0.0 10 -0.5 0.667 10 -0.5 0.667 10

G protein subunit alpha L F1PPQ4 -0.5 0.667 10 1 0.0 10 -0.5 0.667 10

Uncharacterized protein F6Y478 0.5 0.667 10 0.5 0.667 10 -1 0.0 10

Desmoglein-3 Q7YRU7 0.5 0.667 9 0.5 0.667 9 -1 0.0 9

S100 calcium binding protein P F1P778 1 0.0 8 -0.5 0.667 8 -0.5 0.667 8

Coiled-coil domain containing 91 E2R446 0.5 0.667 9 -1 0.0 9 0.5 0.667 9

Vinculin J9P4F3 0.5 0.667 9 -1 0.0 9 0.5 0.667 9
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Supplementary Figure 3 ‐ Protein Analysis Through Gene List Analysis (PANTHER) for molecular functions of the  salivary proteins  correlated with triglycerides (up ‐ left), cholesterol (up ‐ right) and glucosa (down).
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Biological regulation (6.7%) Biological regulation (8.3%)
Cellular component organization or biogenesis (11.1%) Cellular component organization or biogenesis (12.5%)
Cellular process (33.3%) Cellular process (29.2%)
Localization (6.7%) Developmental process (2.8%)
Metabolic process (33.3%) Immune system process (2.8%)
Response to stimulus (6.7%) Localization (6.9%)
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Supplementary Figure 4 ‐ Protein Analysis Through Gene List Analysis (PANTHER) for biological processes of the  salivary proteins  correlated with triglycerides (up ‐ left), cholesterol (up ‐ right) and glucosa (down).
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Supplementary Figure 5‐ Protein Analysis Through Gene List Analysis (PANTHER, PCS) for biological processes applied to the proteins that were differently expressed in their abundance between PRE 
and POST BW loss groups through univariate and multivariate analysis.
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Supplementary Figure 6‐ Protein Analysis Through Gene List Analysis (PANTHER, PCS) for molecular functions applied to the proteins that were differently expressed in their 
abundance between PRE and POST BW loss groups through univariate and multivariate analysis.
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