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Abstract

Background As dogs age, they face various health challenges, and preventive care may be overlooked, impact-

ing their quality of life. Frailty, a concept established in human medicine, has recently been applied to dogs using
validated tools like the frailty index and frailty phenotype. This study aims to characterize frailty in senior pet dogs

and investigate associated factors. To achieve this goal, 88 apparently healthy dogs, as reported by their owners,
voluntarily participated in thorough consultations. These consultations included supplementary examinations such

as urinary analyses, hematological assessments, and blood biochemistry. Additionally, owners completed ques-
tionnaires addressing their dog’s overall health, cognitive and locomotor status, as well as their own attachment

to the dog and personality traits. Subsequently, each dog was classified as robust or frail based on the presence

of multiple criteria out of a set of five. All collected data underwent preliminary screening by a multiple factorial analy-
sis, followed by binomial logistic regression to model frailty.

Results The final population consisted of 74 dogs, with a frailty prevalence of 41.9% (95% Cl: 30.5 — 53.9). In the statis-
tical analysis, older age of the dog, lower owner attachment score, lack of regular deworming, and a disparity in extra-
version between owner and dog were identified as contributing factors to frailty.

Conclusions This study emphasizes the importance of regular deworming and strong owner-pet attachment
in reducing frailty in dogs. It underscores the significance of proactive pet care and highlights the complex relation-
ship between owner-dog personalities and canine frailty. This research advocates for a holistic approach that consid-

ers both human and canine traits to promote better health outcomes.
Keywords Aging, Attachment, Canine, Deworming, Owner, Personality, Preventive care, Well-being

Background

As companion dogs age, they may develop various health
issues that can significantly impact their quality of life
and lifespan. These health challenges include, in par-
ticular, cardiopulmonary [1], metabolic [2], renal [3],
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and dental diseases [4], in association with the emer-
gence of issues like sarcopenia and cachexia [5]. Despite
the recommendation for annual senior check-ups with
additional exams [6], the importance of these preventa-
tive measures may not be fully appreciated by dog own-
ers and veterinarians. This oversight can lead to missed
opportunities for early intervention and care, potentially
altering the health trajectory of these aging dogs and thus
reducing their life expectancy and their comfort of life.
These health issues are particularly prevalent in frail
individuals, who experience a decline in physiologi-
cal resilience [7]. The concept of frailty, well-estab-
lished in human medicine since 2001 [8], denotes a
state of decreased autonomy associated with increased
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comorbidities and a reduced lifespan [9]. This concept
has been recently extended to dogs [10, 11]. While a
recent review identified 36 frailty detection tools for
humans [12], only three have been validated for dogs
[10, 11, 13]. These three tools include the frailty index
of Banzato et al., which is a quantitative score (from 0
to 1) that increases with frailty severity [13] and two
frailty phenotype assessment tools: the Hua phenotype
[10] and the Lemaréchal phenotype [11]. These pheno-
types categorize dogs as frail, robust, or, in some cases,
pre-frail, based on five key criteria: weakness, exhaus-
tion, low physical activity, chronic undernutrition, and
poor mobility [10, 11]. Adapted from human studies [8],
these phenotypes differ primarily in their methodology.
The Hua phenotype relies on owner-reported data for
assessing exhaustion and low physical activity, while
the Lemaréchal phenotype uses exclusively quantita-
tive measures, which require more time and resources,
making it less practical for routine use in canine care.
Both tools have demonstrated an association with sur-
vival outcomes [10, 11]. While Banzato et al’s frailty
index and Lemaréchal phenotype have been tested in
a population of pet dogs [14], the Hua phenotype has
only been applied to guide dogs.

In addition to identifying frailty, improving the com-
fort of older dogs and increasing their life expectancy
in good health requires a better understanding of the
parameters associated with frailty in the canine spe-
cies. A study of the canine population would enable
us to identify the factors associated with frailty, as has
already been done extensively in human studies [15]. In
humans, these factors include sociodemographic (age,
ethnicity, family dysfunction), physical (obesity, activity
level), biological (serum uric acid), lifestyle (diet), and
psychosocial aspects (personality, depression) [15-17].
Currently, only dog age and female sex have been linked
to canine frailty [10].

So this study aimed to achieve two main objectives:
firstly, to characterize frailty in a cohort of apparently
healthy senior pet dogs, and secondly, to investigate
factors associated with the frailty phenotype. Given
the parallels between dog aging and human aging
[18], the authors hypothesized that similar broad cat-
egories of factors could be associated with frailty in
dogs. Therefore, a comprehensive approach involving
thorough epidemiological and clinical evaluations was
adopted. In addition, the results could provide interest-
ing insights on human aging as dogs are recognized as
a valuable model due to their similar illnesses, shared
lifestyle patterns with their owners (including material
and social environments, and activity levels), and their
capacity for human-like social relationships [19, 20].
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Material and methods

This study has received approval from the Animal Ethi-
cal Committee "SCIENCE ET SANTE ANIMALES
N°115" in Toulouse, France, under the reference num-
ber SSA_2022_014, and the Research Ethical Committee
“Comité d’éthique et de la recherche — CER” in Toulouse,
France, under the reference number 2023 _719.

Animals

The recruitment of dogs for the study was conducted on
a voluntary basis using a multi-channels approach. This
included leveraging the social media platforms of the
Veterinary School of Toulouse, sending email invitations
to dog owners who had previously visited the school and
consented to receive emails, and promoting the study
through an online article in a Toulouse city news outlet.
Additionally, a print article was published in a local news-
paper, and flyers were distributed to some companies and
institutes in Toulouse. The recruitment campaign took
place in August 2023 and explicitly sought dogs aged 8
years or over, weighing more than 20 kg and presenting
no overt signs of health issues. Owners were required
to confirm that their dogs were not receiving any ongo-
ing treatments or suffering from chronic illnesses. To
encourage participation, the campaign specified that the
consultation would be free of charge and would include
complimentary urine analysis and blood tests. Par-
ticipants were also informed that they would receive a
14kg-bag of premium dog food as a token for apprecia-
tion for their participation. Due to limited participation,
dogs aged 7 years or older and weighing more than 19 kg
were finally also welcomed into the study. Owners were
instructed to ensure their dogs fasted for a minimum of 8
h before the consultation.

Questionnaires

The questionnaires were administered in two sessions:
initially, sent by email prior to the consultation, and
subsequently during the consultation (in person). This
approach ensured that at least 24 h elapsed between the
two completions, aiming to prevent owner fatigue and
promote focused and concentrated responses [21].

The pre-consultation questionnaire filled by the own-
ers asked details about the dog’s diet including the World
Small Animal Veterinary Association (WSAVA) diet his-
tory form [22], assessment of fecal score based on the
Purina Fecal Scoring Chart [23], a scoring system ranging
from 1 (hard dry stool) to 7 (liquid stool), veterinary care
received, medical history, and an assessment of the senior
dog’s health status. The veterinary care section addressed
potential medical treatment as well as preventive treat-
ment such as internal and external antiparasitic. A dog
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was considered as "regularly dewormed" if deworming
treatment was administered at least every three months,
aligning with the recommendations outlined in groups B
and C for treatments by ESCCAP (European Scientific
Counsel Companion Animal Parasites) [24]. This ques-
tionnaire is provided in Additional File 1.

Then, during the consultation, owners were prompted
to provide responses to several established question-
naires. These included the Canine Cognitive Dysfunc-
tion Rating scale (CCDR) [25], the Canine Brief Pain
Inventory (CBPI) [26, 27], the Big Five inventory (BFI)
for themselves [28] and an adaptation of this latter, the
succinct Monash Canine Personality Questionnaire
(MCPQ-R), for their dogs [29]. The BFI questionnaires
chosen allow for comparisons across two dimensions that
are comparable between humans and dogs: extraversion
and neuroticism [30]. However, the BFI is susceptible to
subject bias, which is the systematic tendency of a subject
to assign high or low scores [31]. To mitigate this bias,
pair comparison is an effective method, as it reduces the
impact of noise on raw opinion scores [31]. This can be
achieved by calculating the difference between two scores
[32]. Therefore, the variable analyzed during statistical
analysis was the difference in personality traits between
the owner and their dogs, calculated as the owner’s score
minus the dog’s score for each trait. Additionally, they
were asked to complete the Lexington Attachment to Pet
Scale (LAPS) [33] and provide information about their
personal circumstances and the living environment of
their dog (Additional File 1). Owners were categorized as
having "lower attachment” to their dog if their score on
the LAPS fell below the median score.

Veterinary consultation

The veterinary consultation, including a thorough exami-
nation, required a complete hour and was conducted
consistently by the same veterinarian for all dogs, fol-
lowing the same order. The examination was based on a
holistic assessment, comprising a 9-point body condition
scoring [34], muscle condition evaluation [35], weight
measurement using a standardized scale (Precia Molen —
Access, France, max 150 kg, accuracy 50 g). Dental health
was assessed through tartar [36], gingivitis [37], and peri-
odontal disease [38] scorings, with the average of these
three scores used as the “buccal score” in the statistical
analysis. Additionally, the examination included a thor-
ough dermatological examination with skin scoring [39],
an ophthalmological assessment, a neurological evalu-
ation, and a comprehensive orthopedic examination. At
the end of the consultation, each dog participated in a
6-min walk test, conducted at their own pace, accompa-
nied by both the veterinarian and their owner [40]. The
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physical examination recording form is available in Addi-
tional File 2.

Exclusion criteria

Since all participating owners received non-negligible
benefits, we anticipated that some might present dogs
that were not in apparent good health. Consequently,
we excluded dogs exhibiting clear signs of illness that
should be noticeable to an average owner, such as labored
breathing, obesity, or cachexia. These signs were noted
during the distance examination. Additionally, during the
consultation, we asked owners about any health issues
that had been a concern or were currently concerning. If
an owner reported that a condition was ongoing, the dog
was excluded from the study.

Sampling and analysis

Urine samples were collected via spontaneous miction at
the beginning of the consultation. Urinary dipstick analy-
sis (Combur 10 Test, COBAS, Roche Diagnostics Ltd,
Rotkreuz, Switzerland), determination of urine specific
gravity (USG) using a refractometer (Indiko Plus, Ther-
moFisher Scientific, Massachusetts, USA), and sediment
examination in case of dipstick abnormalities were con-
ducted promptly upon sample collection.

Blood was collected from the cephalic vein on a 3
mL lithium heparin tube and a 3 mL EDTA tube, at the
beginning of the consultation and after urine collection.
The blood of the heparinized tube was centrifugated
(2,000 RCF for 10 min at room temperature (22 °C)) to
isolate the plasma. In total, 18 parameters were evaluated
using the same automated chemistry analyzer (Ikems; MS
Labos, Osny, France): albumin (ALB), total proteins (TP),
alkaline phosphatase (ALP), gamma glutamyl transferase
(GGT), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), total bilirubin (TBIL), phosphates
(PHOS), uric acid (UA), urea (BUN), creatinine (CR),
amylase (AMY), creatine kinase (CK), Lactate dehydro-
genase (LDH), total calcium (CA), glucose (GLU), total
cholesterol (TC), and triglycerides (TG).

Before hematologic analysis, EDTA tubes were kept
at room temperature (22 °C) and placed on an agitator
(Specie mix, Drew Scientific Inc) for 20 min. They were
then gently inverted to ensure homogenization. Samples
with visible or microscopic clots were excluded. Meas-
urements were conducted within 2 h of sampling using
the Sysmex XN-V (Sysmex Corporation, Japan) accord-
ing to the manufacturer’s instructions, with settings for
"dog" [41]. The following variables were analyzed for this
study: red blood cell counts (RBC), hematocrit (HCT),
hemoglobin concentration (HGB), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
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fluorescence platelet counts (PLT-F), reticulocyte count
(RET), white blood cell count (WBC), neutrophils
(NEUT), lymphocytes (LYMPH), monocytes (MONO),
eosinophils (EO), and basophils (BASO) counts.

Assessment of the frailty phenotype

The frailty phenotype was evaluated using the method
developed by Hua et al. [10], considering five criteria:
weakness (moderate or severe generalized amyotrophy
assessed by the veterinarian [35]), exhaustion (reported
physical intolerance by owners), low level of physi-
cal activity (owner-reported), chronic undernutrition
(assessed by poor coat quality by the veterinarian), and
impaired mobility (gait problems assessed by the veteri-
narian during the consultation or the 6-min walk test). A
dog was classified as frail if it met two or more of these
criteria.

Statistical analysis

Data were gathered using the software Sphinx iQ3 (Le
Sphinx, Chavanod, France) and then extracted and ana-
lyzed using R software, version 4.2.2 [42]. The full data-
set comprised 102 variables other than frailty phenotype,
distributed across several categories. The first category
consisted of 29 variables related to the dog (lifestyle,
veterinary care, and information about the owner). The
second category comprised 11 variables pertaining to
the dog’s medical history. The third category included
29 variables related to the dog’s health. Lastly, the data-
set included 33 variables being results from urinary and
blood analyses.

A selection process was undertaken first, in order to
lower the number of variables potentially relevant to
model frailty. Traditional methods like univariable anal-
ysis are often employed for this purpose; however, they
may oversimplify the intricate relationships between
explanatory variables. Therefore, Multiple Factor Analy-
sis (MFA) with the FactoMineR package in R 4.2.2 was
opted for [43]. MFA is a robust multivariable analysis
technique adept at handling datasets comprising both
qualitative and quantitative variables, allowing for com-
prehensive exploration of interconnections within the
data [44].

The 103 variables considered in the MFA were catego-
rized into three groups: quantitative parameters (n=64),
qualitative variables (n=38), and the frailty phenotype
(binary variable: Frail and Robust). A comprehensive
list of all variables is provided in Additional File 3. This
approach allowed a differentiation between frail and
robust individuals. The most discriminant variables were
identified by visualization of the squared cosine values
(cos2) and selected by the elbow method, which involved
stopping the selection when a drastic decrease in cos2
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value occurs. The subsequently selected variables have
been used for the next step of the analysis.

For the second stage, the selected variables were inte-
grated as explanatory variables in a logistic regression
model considering frailty as binary outcome variable.
The reference category was dogs considered as robust.
Starting with the full model (including all the variables
selected through MFA), a stepwise backward and for-
ward selection process based on the Akaike’s Information
Criterion (AIC) was applied to select the most parsimo-
nious model. Multicollinearity was checked using vari-
ance inflation factor (VIF) values [45]. Type III ANOVA
was used to obtain p-values. The final statistical signifi-
cance was defined as p-value <0.05.

Results

Population description and selection

Out of the 100 owners who completed the pre-con-
sultation questionnaire, only 74 dog-owner pairs were
included in the final analysis (Fig. 1). The primary rea-
sons for exclusion were failure to attend the consultation
and dogs displaying obvious signs of illness that should
have been apparent to a typical owner. The 74 dogs kept
had a median age of 9 years [range: 7 — 14] and a median
weight of 29.4 kg [range: 19.3 — 56.3]. Complete descrip-
tion of the study population, including results from
clinical examinations, blood and urinary tests, and ques-
tionnaires, can be found in Additional file 3.

Frailty phenotype

Out of 74 dogs assessed, 16 dogs did not meet any frailty
criteria, while 27 displayed one criterion, 17 had two
criteria, 12 had three criteria, 0 had four criteria and 2
dogs exhibited five criteria (Fig. 2). So, 41.9% (95% CI:
30.5 — 53.9) were classified as frail. Low physical activity
(n=30) was the most prevalent frailty criterion, followed
by exhaustion (7 =27), undernutrition (n=24), weakness
(n=17), and poor mobility (n=9). Weakness and poor
mobility are criteria that are mostly expressed in associa-
tion with one of the three most prevalent (Fig. 2).

Factors associated with frailty

Including all results, MFA allowed a discrimination of
the 74 dogs according to the frailty phenotype. Indeed,
the first dimension, explaining 8.3% of the total inertia,
opposed frail (positive coordinates) to robust dogs (nega-
tive coordinates) (Fig. 3). The fifteen most structuring
variables for this first dimension (based on cos2 values)
are presented in descending order in Fig. 4. Among them
regular deworming contributed more than the others,
the second position was for age of the dog. The own-
er’s attachment to their dogs and the type of household
(house or flat) came in third and fourth respectively. The
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Dogs whose owners filled out the pre-
consultation form (n = 100)
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Did not attend consultation (n = 12)
No follow-up (n = 5)

Consultation (n = 88)

Owners’ lack of time (n = 4)
Emergence of illness (n = 3)

\I

| Owner refused blood sampling (n=1)

Deemed not apparently healthy (n = 12)
Labored breathing (n = 3)
Multiple large masses (n = 2)
Obesity (n=2)

Exhibiting all visible signs of hypothyroidism (n = 1)
Weekly seizures (n = 1)

Cancer (n=1)

Cachexia (n=1)

Exhibiting all visible signs of Cushing’s syndrome (n = 1)

I Purulent wound affecting blood test results (n = 1)
L

Included in statistical analysis (n = 74) |

Fig. 1 Inclusion process of the dogs. A total of 100 dog owners completed the recruitment form for the study, of which 88 attended

the consultation. Among those who did not attend, 5 owners did not respond upon recontact, 4 owners were unable to make it due to time
constraints, and 3 owners reported that their dogs’ health had deteriorated since the initial contact. From the 88 dogs presented at the consultation,
14 were excluded from the analysis: one owner declined the blood test, one dog had a purulent wound that affected blood test results, and 12
dogs were deemed not "apparently healthy" based on clinical observations (including 3 with labored breathing, 2 with multiple large masses, 2
obese dogs, 1 exhibiting all visible signs of hypothyroidism, 1 experiencing weekly seizures for 4 months, 1 previously diagnosed with cancer, 1

cachectic dog, and 1 displaying all visible signs of Cushing’s syndrome)

other contributions, including some biochemical param-
eters (amylase, CK, LDH), were relatively similar.

All these 15 variables were initially included in the
full logistic regression model and 7 variables remained
after the stepwise backward and forward selection pro-
cess. These variables are described for the two groups of
interest (frail vs robust) in Additional File 3. As shown
in Table 1, absence of regular deworming (OR: 5.85,
p=0.011) and lower attachment score of the owner (OR:
391, p=0.042) were strongly associated with frailty.
Older age of the dog (OR: 1.68, p=0.031) was moderately
associated with frailty, while difference in extraversion
(owner — dog) (OR: 1.06, p=0.023) had a minimal effect
size. Despite a p-value<0.05, amylase had no effect on
frailty status (OR: 1.00, p=0.046).

Discussion

With the canine population aging [6, 46], it is increas-
ingly important for veterinarians and pet owners to
have a thorough understanding of the factors associ-
ated with frailty to ensure healthy aging. In populations
of active and nondisabled dogs, the frailty index, which
relies on the enumeration of disabilities and diseases,

often exhibits low values and limited variability [47]. As
a result, its efficacy as a tool for assessing frailty in such
cohorts is diminished. Consequently, the frailty phe-
notype emerges as a superior alternative for studying
frailty in these populations [47]. In the current study,
we selected the Hua phenotype due to its clinical appli-
cability. To encompass the potential bias of subjectiv-
ity described with this latter [10], all the evaluations
were performed by the same veterinarian. Our findings
establish an association between frailty and age in dogs,
thereby validating the effectiveness of the chosen assess-
ment tool within this population [14].

The prevalence of frailty in our population (41.9%) was
higher than the prevalence reported in previous stud-
ies: 8.6% with Hua phenotype and 17% with Lemaréchal
phenotype [10, 11]. Several factors differed between the
studied dog populations and may account for this dis-
crepancy. First, our study included a range of breeds and
mixed-breed dogs unlike prior studies focusing only on
retriever breeds. This selection strategy precludes genetic
control [10]; nevertheless, our intention was to capture
the diversity inherent in the pet dog population. Moreo-
ver, Hua et al. (2016) conducted their study only on guide
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16 Exhaustion

Undernutrition

Fig. 2 Venn diagram of the criteria of frailty met by the dogs. 16 dogs did not meet any frailty criteria, while 27 displayed one criterion, 17 had two
criteria, 12 had three criteria, 0 had four criteria and 2 dogs exhibited the five criteria. Low physical activity (n=30) was the most prevalent frailty
criterion, followed by exhaustion (n=27), undernutrition (n=24), weakness (n=17), and poor mobility (n=9)
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Regular deworming
Dog's age

Owner's attachment
Household

Scoring for cough
Owner age

AMY

Owner's salary

Variables

Children

CK

Extraversion difference
History of skin problems
Treats

Heartrate

LDH

0.

1<)
<)
-
e
N
<)
w

Cos? values
Fig. 4 Cos2 values of the 15 first variables structuring Dimension 1, excluding frailty phenotype

Table 1 Variables associated with canine frailty identified by binomial logistic regression after forward and backward stepwise
selection (n=74)

Variable N Unadjusted results Adjusted results
OR 95% Cl p-value* OR 95% Cl p-value*

Dog age 74 1.74 [1.25,2.55] 0.002 1.68 [1.07,2.78] 0.031
Regular deworming

Yes 40 - - - -

No 34 485 [1.85,13.6] 0.002 585 [1.62,25.7] 0.011
Owner's attachment

Higher 38 - - - -

Lower 36 3.07 [1.19,8.25] 0.022 391 [1.09,15.7] 0.042
Extraversion difference 74 1.04 [1.01,1.07] 0.011 1.06 [1.01,1.12] 0.023

(owner—dog)
History of skin problems

No 58 - - - -

Yes 16 0.25 [0.05, 0.86] 0.044 0.19 [0.02,0.97] 0.068
Amylase 74 1.00 [1.00, 1.00] 04 1.00 [1.00, 1.01] 0.046
CK 74 1.01 [1.00, 1.02] 0.034 1.01 [1.00,1.03] 0.079

95% Cl 95% binomial confidence intervals, OR Odds Ratios, N Number of dogs
“Type Il ANOVA p-values
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dogs, still in active service, which are generally subject
to rigorous monitoring compared to pet dogs. In addi-
tion, they were found to exhibit a superior quality of life
characterized by increased levels of physical activity and
enhanced social interactions [48], factors playing a piv-
otal role in mitigating frailty. Then, the age distribution of
the study population should also be considered to explain
the prevalence of frailty. Hua et al. (2016) described a
population with the same median age (9 years) but with
values ranging from 5 to 13 years compared with 7 to 14
years in our study. Finally, the voluntary nature of our
recruitment strategy may have attracted owners con-
cerned by their dogs and who noticed changes in their
senior dog. Thus, our study population may overestimate
the prevalence of frailty in elderly dogs. In human, the lit-
erature on the topic is more abundant and a large varia-
tion in frailty prevalence is described, from 4.0% to 59.1%
[16, 49, 50]. Interestingly, in a study where participants
were recruited on a voluntary-basis, the prevalence of
frailty was closer to our findings: 31.8% [16].

Characterization of frailty phenotype in our population
reveals an intriguing disparity among the five criteria of
frailty, with prevalence ranked as follows: low physical
activity > exhaustion > undernutrition > weakness > poor
mobility. The most prevalent criteria could be the earliest
or precursors. For instance, low physical activity may lead
to poor mobility [51], while undernutrition could result
in weakness [52]. However, we cannot ascertain causal-
ity or the reasons behind the varying prevalence of these
criteria in this study; longitudinal studies are required for
such conclusions. Nonetheless, this is an interesting ave-
nue, as identifying early criteria could enable veterinar-
ians to identify dogs at risk of frailty and potentially guide
their aging trajectory towards robust aging.

The other main goal of the current study was to iden-
tify factors associated with frailty in dogs. Among all the
epidemiological and clinical variables evaluated here, a
regular deworming and a higher level of attachment were
the most associated with a reduced propension of being
frail, highlighting the key role that owners play in their
dog’s health and well-being. The association between
current frequent deworming and robustness in dogs
raises intriguing questions regarding causality. Given
the observational nature of this study, it is possible that
owners reduce the frequency of deworming when their
dogs begin to show signs of frailty. It is also conceivable
that owners who exhibit greater attentiveness to their
pets may be more inclined to adhere to regular deworm-
ing practices. Alternatively, the observed effect could
be attributed to the direct impact of deworming on the
health of the dog, potentially mitigating factors contrib-
uting to frailty. Common canine parasites in France (Zox-
ocara canis, Echinococcus granulosus, and Dipylidium

Page 8 of 11

caninum) are not typically associated with significant
health effects in adult dogs [24]. Interestingly, there is
even a growing interest in human medicine regarding
restorative helminth therapy for its potential anti-inflam-
maging effects [53]. To explore this further, future studies
on aging dogs should incorporate questionnaires about
the animal’s deworming history and fecal explorations
(parasites, microbiota, inflammatory markers). In the
meantime, veterinarians should still strongly recommend
regular deworming for older dogs, at least every three
months in France, to ensure optimal health and well-
being [24].

Since the domestication, humans and dogs live and
evolve side by side. The human-canine bond is more and
more explored but mainly through the benefits of own-
ing a dog for humans. For example, for elderly individu-
als, having a pet bring companionship, enhance physical,
mental health and social facilitation [54—-56]. From the
dog’s perspective, this study is the first to emphasize the
critical role that owners play in maintaining the robust-
ness of senior dogs. This finding resonates with prior
research indicating that owners who share a strong
emotional bond with their dogs tend to engage in more
physical activities together [57], are more inclined to
provide veterinary care (including preventative meas-
ures) [58—60], and maintain hygiene care standards [60].
Consequently, these dogs generally exhibit better health
[61] and enjoy an enhanced quality of life [62]. Consid-
ering these myriad benefits, it stands to reason that the
outcome would manifest as more robust senior dogs.
However, it is equally plausible that a frail dog, due to
its reduced interactivity, might lead to decreased attach-
ment from the owner.

Some studies have found links between personal-
ity and frailty in humans [17], with two indicating that
higher extraversion is associated with lower frailty [63,
64], likely due to its association with increased physi-
cal activity [65]. However, there is limited research on
the impact of non-human animal personality on their
health [66]. In the actual study, a greater gap in extraver-
sion scores between owners and dogs was slightly linked
to increased frailty in this canine cohort. Both human
extraversion (outgoing, friendly, energetic, talkative) and
canine extraversion (energetic, hyperactive, active, rest-
less, lively, excitable) are linked to energy levels. When
an owner is more extraverted than their dog, they may
perceive their dog as less active because of the mismatch
in energy levels. Since activity level is a criterion in the
frailty phenotype studied here, this perception could bias
the assessment of the dog’s actual activity potentially
leading to a higher likelihood of classifying the dog as
“frail” Nevertheless, it’s possible that the owner’s higher
extraversion could influence the dog’s health, as previous
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studies have shown that extraverted owners with active
social lives may exhibit lower attachment and caregiv-
ing behaviors toward their dogs [62, 67]. Conversely, it
is also plausible that frailty in dogs could contribute to
a decrease in their extraversion scores. In any case, the
study of psychology of both dog and owner holds sig-
nificant importance in assessing frailty in dogs. In human
research, tools integrating psychological factors have
proven effective in assessing frailty [68]. Mirroring these
approaches, developing a tool that incorporates psycho-
logical factors could immensely benefit the evaluation of
frailty in dogs.

In this study, various blood parameters were explored
within the context of frailty. Our analysis centered on
a routine comprehensive blood panel commonly con-
ducted by veterinarians in clinical settings. Indeed,
identifying frailty biomarkers within these parameters
held substantial implications for clinical practice, facili-
tating early detection and monitoring of frailty in pet
dogs. Among them, our study revealed only a weakly
significant association between plasma amylase concen-
tration and frailty (p=0.046), albeit with no meaningful
clinical interest (OR: 1.00, 95%CI: [1.00, 1.01]). In human
research, salivary alpha-amylase has emerged as a key
biomarker for frailty, above various biosocial factors, gen-
eral health indicators, cytokine profiles, sex hormones,
salivary antimicrobial proteins, and blood cell counts
[69]. Our study quantified plasma amylase concentra-
tion, reflecting contributions from both salivary glands
and the pancreas [70]. This broader source spectrum may
explain the lack of clinical relevance observed between
our frail and robust subjects (median 819 U/L [range:
257 — 1617] vs. 783 U/L [range: 285 — 1585] respectively).
Future investigations should prioritize the assessment of
salivary alpha-amylase, given its potential as a more dis-
criminatory biomarker for frailty.

From a more global point of view, the links between
frailty and biological or biochemical parameters may
have been hidden by the importance of factors linked
to owners. Indeed, dogs were recruited on a voluntary
basis, which inevitably introduced selection biases, and
prevents us from generalizing the findings to the entire
population of dogs. Moreover, the relatively small sam-
ple size may have led us to overlook certain results due
to low statistical power. This study specifically targeted
dogs weighing more than 19 kg, with weights ranging
from 19 to 56 kg. While this focus helped reduce vari-
ability, as dogs age differently depending on their size
[71], it also restricted the study’s scope. As a result,
the findings cannot be extrapolated to smaller dogs.
However, despite these limitations, this study stands
as the pioneering effort to examine factors linked with
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frailty within a population of pet dogs using a com-
prehensive epidemiological and clinical methodology.
The two-step statistical analyses employed allowed for
the exploration of numerous factors and permitted the
identification of significant associations.

Conclusion

Regular deworming practices and heightened levels
of attachment emerged as significant factors associ-
ated with robustness, emphasizing the pivotal role of
pet owner’s concern of its care. Furthermore, the study
sheds light on the nuanced interplay between owner-
dog personality differences and canine frailty, advocat-
ing for a comprehensive approach that considers both
human and canine characteristics in promoting optimal
health outcomes. Serving as a pioneering effort in com-
prehensively examining factors linked with frailty in pet
dogs, this research highlights the essential role of pro-
active involvement from pet owners in enhancing the
quality of life and well-being of their senior dogs.
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