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Abstract

The owner-dog relationship is a critical component of sustained dog ownership.

Increased understanding of risk factors for weak owner-dog relationships can identify

owner-dog dyads at higher risk of poor welfare outcomes, including dog relinquishment

and euthanasia. The internationally documented boom in puppy acquisition during the

COVID-19 pandemic led to welfare concerns for this cohort of dogs, including impulsive

purchasing of puppies to unsuitable homes, increased supply of puppies from poor-wel-

fare sources, and deficits in early-life experiences for puppies. Combined, these changes

were feared to lead to problem behaviours, weak owner-dog relationships and increased

future relinquishment in this uniquely vulnerable generation. The Pandemic Puppies proj-

ect longitudinally studied dogs bought as puppies aged < 16-weeks old during the 2020

phase of the COVID-19 pandemic by collecting owner-completed data during puppyhood

and as adults. This study aimed to investigate factors associated with the owner-dog rela-

tionship in early-adulthood via a cross-sectional analysis of a subset of Pandemic Pup-

pies data (n = 794). When dogs were 21-months old owners completed the Monash Dog-

Owner Relationship Scale (MDORS), from which the Perceived Emotional Closeness

(Closeness) and Perceived Costs subscales were established as reliable in this sample

and were used as outcome variables in multivariable analyses to explore risk factors such

as health, behaviour, and acquisition-related variables. Problem behaviours, including

those related to lack of control, fear, separation, and aggression were the predominant

risk factors associated with increased Perceived Costs score. The presence of most prob-

lem behaviours was not associated with reduced Closeness, suggesting a potential

source of emotional conflict for owners. However, owners of dogs showing aggressive

behaviours had lower Closeness scores. Puppy acquisitions explicitly motivated by the

pandemic were associated with increased Perceived Costs. Support interventions
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targeted at owners of dogs with problem behaviours are of high importance if positive

owner-dog relationships are to be maintained.

Introduction

The emotional relationship between an owner and their dog is widely recognised as a critical

element of dog ownership with the potential to influence welfare on both the dog and human

sides of the relationship, positively and negatively. A person’s welfare is their health and happi-

ness [1], and similarly animal welfare has been defined as how the animal is feeling [2]. Animal

welfare is often interpreted using the Five Domains Model, considering the animal’s mental

state regarding their experiences of nutrition, their environment, physical health, and beha-

vioural interactions [3]. A strong owner-dog relationship has been associated with improved

physical health both for the dog [4] and owner [5, 6]. However, dog ownership has been associ-

ated with poorer owner wellbeing across a range of common circumstances including the neg-

ative physical and emotional effects of caregiving for dogs with health or behavioural problems

(‘caregiver burden’) [7, 8] or disenfranchised guilt related to work-family conflict [9]. Weak

owner-dog relationships are associated with a higher risk of dog relinquishment [10]. Relin-

quishment can harm welfare when there is reduced capacity to care for relinquished dogs in

the new temporary or permanent home. Inability to provide for dogs can lead to the morally

challenging decision as to whether euthanasia is chosen, either at the level of the owner who

no longer feels able to care for the dog or those providing management of unowned dog popu-

lations and local authority or non-governmental sheltering organisations [11]. In addition to

the impact on canine welfare, the ethically complex decision to euthanise a dog for the lack of

appropriate care options, however humane the physical act, can cause moral injury to all peo-

ple involved [12]. Euthanasia is also an essential welfare tool, enabling the relief of suffering,

and may be withheld to prolong a human’s relationship with their dog. This is especially con-

cerning given the strong owner-dog relationship to dogs with extreme body type [13] that may

necessitate euthanasia. Thus, an increased understanding of different elements of the owner-

dog relationship, and risk factors for weakening of these relationship elements can help to

identify owner-dog dyads at higher risk of poor welfare outcomes.

To date, research has identified a range of dog- and owner-related factors associated with

the strength of the owner-dog relationship. Owner demographics previously reported as asso-

ciated with a stronger owner-dog relationship include being a younger adult; female; unmar-

ried; having no children; living alone and being the primary care provider for the dog [14–16],

suggesting that time spent together and less division of owner attention is associated with a

stronger relationship [16]. Owners who acquire a dog already confident of their abilities as a

dog owner, such as prior ownership or professional experience, may subsequently have a

stronger relationship with their dog [17].

Dog characteristics associated with a stronger owner-dog relationship include smaller size

[18], purebred breed status (compared to crossbreeds) [15], and brachycephalic conformation

(with strong owner-dog relationships identified in some extreme brachycephalic breeds: the

Pug, French Bulldog, and English Bulldog) [13]. In contrast, weaker owner-dog relationships

were observed when the only purpose for the dog was companionship compared to working,

sporting or show purposes [19]. The presence of dog behaviours normally considered a prob-

lem by the owner has been associated with a weaker owner-dog relationship [18, 20]. Reward-

based, rather than aversive, training techniques to address or prevent problem behaviours, can

be more effective [21] and can be associated with a stronger owner-dog relationship [22, 23].
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In the UK, demand for puppies increased from March 2020 when the government response

to the COVID-19 pandemic mandated many people to stay at home during periods of ‘lock-

down’ [24–26]. Compared to owners of pre-pandemic puppies, owners of these ‘Pandemic

Puppies’ purchased during the 2020 phase of the pandemic were reported to be less likely to

purchase their first-choice breed of dog, had a shorter interval between deciding to acquire a

puppy and bringing them home, and pay more. Pandemic Puppy purchasers were also less

likely to follow recommended practice before and during their puppy purchase, with fewer

purchasers collecting their puppy in the supplier’s home, or seeing the puppy interacting with

the puppy’s mother [27]. They were also more likely to have risked negative long-term effects

on behaviour and health by acquiring their puppy from a poor-welfare source, that is, a

breeder or third party supplier who may be selling puppies without due provision for their and

their parents’ physical, behavioural, and developmental needs and concealing maternal heredi-

table and infectious ill health [28, 29]. Furthermore, essential early-life puppy experiences such

as socialisation with humans from outside of their household were thwarted by lockdown

restrictions [30], with high levels of problem behaviours reported in this cohort as they reached

young adulthood [31]. As this cohort of Pandemic Puppies have matured, there are concerns

that the aforementioned behavioural problems, combined with the increased cost of living

[32] and return to working away from home compared to when they were purchased in 2020

[33] may increase the burden of pet care for these owners. This raises concerns about the dura-

bility of owners’ relationships with their dogs, and the subsequent impact on dog welfare and

relinquishment [34].

With this background, the current study aimed to identify risk factors associated with a

weaker owner-dog relationship in UK dogs acquired during 2020, using the well-established

Monash Dog Owner Relationship Scale (MDORS) to quantify this outcome [35]. Greater

understanding of these risk factors can be applied to develop better processes and tools to sup-

port owners experiencing poor relationships with their dog and to advise future puppy buyers

on avoiding risk factors that might endanger a successful relationship with their dog.

Methods

Data collection

Survey data were collected via two surveys as part of the Pandemic Puppies project [27, 30].

The project recruited dog owners who were at least 18 years old, resident in the UK, and had

purchased and brought home a puppy of any breed or crossbreed under 16-weeks of age dur-

ing 23 March 2020–31 December 2020 (‘Pandemic Puppies’), and a comparator population

acquired during the same date-period in 2019 (pre-‘Pandemic Puppies’). The first survey,

hosted via SurveyMonkey, was open between 10 November and 31 December 2020 and col-

lected data on owner and dog demographics, pre-purchase and purchase motivations and

practices, and early-life management and experiences of puppies. A longitudinal study aimed

at respondents in the aforementioned Pandemic Puppy cohort (2020 purchases) was launched

in 2022, following these puppies as they aged, with data collection timepoints in young adult-

hood at 21-, 24-, 27- and 36-months of age. These surveys collected data on current dog man-

agement, health, behaviour, and the owner-dog relationship. This current study explores data

reported from the first survey in 2020 and the 21-month timepoint that was collected during

2022. The outcome of interest for this study, the owner-dog relationship, was measured via the

MDORS [35], as described below. The survey was hosted using a version of the Vanderbilt

University’s Research Electronic Data Capture platform (REDCap) provided by the Royal Vet-

erinary College, a part of the REDCap Consortium [36, 37].
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Ethical approval for the Pandemic Puppies study was granted by the Social Science

Research Ethical Review Board at the Royal Veterinary College (SR2020-0259), with written

informed consent supplied by all respondents. The full 2020 questionnaire has been published

previously [27, 30]. Questions relevant to the current study from the 21-month survey can be

found in S1 Appendix.

Survey content and data coding

Owner-dog relationship. MDORS is a psychometric scale for the measurement of the

owner-dog relationship consisting of 28 items grouped into three subscales: Dog Owner Interac-

tion (hereafter referred to as Interaction), Perceived Emotional Closeness (hereafter referred to

as Closeness), and Perceived Costs. As described previously [35], respondents were offered fixed-

choice response options for each MDORS item which were allocated a value from 1 to 5 where 1

represented strongly disagree or least frequent and 5 represented strongly agree or most frequent.

Item values were summed to produce a score for each subscale. Possible scores for Interaction

subscale ranged from 9 to 45, where higher scores represented more shared activities between

the owner and their dog. Possible scores for Closeness subscale ranged from 10 to 50, where

higher scores represented an owner feeling closer to their dog. Possible scores for Perceived

Costs subscale ranged from 9 to 45, where higher scores represented an owner feeling more bur-

dened by dog ownership. Where any of the individual 28 MDORS questions were not answered,

all of that respondent’s data were excluded from analysis in the current study.

Risk factor variables. Risk factors for a weaker owner-dog relationship collected from the

surveys and evaluated during risk-factor modelling are listed in Table 1. Risk factors included

were:

i. those considered risk factors for owner-dog relationship based on existing literature or plau-

sible association;

ii. risk factors associated with being a ‘Pandemic Puppy’ (purchase-related and early-life fac-

tors found to be significantly different in prevalence in the 2020 Pandemic Puppies cohort

compared to pre-‘Pandemic Puppies’) [27, 30];

iii. UK legal requirements and proposed best practices and for puppy acquisition; and

iv. risk-factors plausibly influenced by economic and public health events at the time of the

surveys [25, 32, 33].

Pre-purchase and purchase motivations and practices

Respondents were asked in the 2020 survey about their motivations, and pre-purchase and

purchase behaviours for when they bought their dog. The main reasons (more than one per-

mitted) for dog purchase were recorded with a yes or no response to each of several motiva-

tions for purchase. Purchase motivation options indicating companionship for self, children,

or other adults were used to generate the dummy variable for when the dog was acquired for

companionship of others in the household, but not the respondent. Respondents were asked if

their household carried out research before they purchased their puppy, with the response

options: yes, no, or ‘no but I am already an experienced dog owner’.

Dog demographics

Owner reported data on their dog’s breed were used to generate derived variables on a range

of demographic factors. Applying prior work on cleaning and mapping breed terms from
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Table 1. Potential risk-factors for weaker owner-dog relationship.

Potential risk factor Primary reason to

consider*
Respondent demographics

Owner age (years)a [18, 19, 38] Identified

Owner gendera [18] Identified

Region within UKa [25] COVID-19

Owner employed in animal care sectora Pandemic Puppy

Owner does not live with another adultb [16, 18, 19] (unmarried: [15]) Identified

Children in the homea* [15, 16, 19] Identified

Household characteristics

Number of other dogs in the homea [16, 19] Identified

A dog was present in the owner’s home whilst they were a childa [19] Identified

Owner has previously owned or co-owned a dog as an adulta* [19] Identified

Owner’s work locationb COVID-19

Other adult in household works away from homeb COVID-19

COVID-19 affected financesb [39] Identified

Anticipated changes to household circumstances in next three monthsb [39] Identified

Acquistion motivation and preparation

Owner acquired dog motivated by ‘companionship for myself’a [19] Identified

Owner acquired dog motivated by ‘companionship for other people in household, not

including respondent’a [19]

Identified

Owner acquired dog as working dog for specific rolea [19, 40] Identified

COVID-19 pandemic influenced respondent’s decision to acquire a doga COVID-19

Owner performed research on dog ownership prior to acquisitiona* [38] Identified

Length of time from decision to acquire to bringing dog homea Pandemic Puppy

Acquisition characteristics

Owner acquired first choice breed/crossbreeda Pandemic Puppy

Purchase price category (GB£)a Pandemic Puppy

Collected inside breeder’s homea Pandemic Puppy

Puppy seen with mother at collectiona Pandemic Puppy

Microchip provided by breedera Law

Passport provided by breeder (for dogs over 15-weeks only)a Pandemic Puppy

Dog characteristics

Dog’s sex Plausible

Dog’s neuter status Plausible

Dog’s typical adult bodyweight (kg)a [18] Identified

Birth month of dog (year 2020)a [25] COVID-19

Dog’s breed designation (crossbred, purebred, or designer crossbred)a* [15, 16] Identified

The Kennel Club (UK) breed group of dog, including ‘not recognised’a [19, 41] Identified

Dog is a Pug, French Bulldog or English Bulldoga [13] Identified

Dog management and health

Owner primary carer of dog in 2020a* [16] Identified

Change in who is involved in dog’s care from 2020 to 21-months oldb COVID-19

Puppy left alone > 4 hours in 2020a [25] COVID-19

Dog left alone > 4 hours at 21-months of ageb COVID-19

Owner takes dog if work outside the homeb [42] Identified

Respondent attended puppy classes with their dog whilst they were < 16-weeks olda COVID-19

Owner attended adult (> 16-weeks old) dog training classes with their dogb COVID-19

Training methods used by ownerb [23] Identified

(Continued)
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VetCompass [44], breed terms were linked to derived variables for: 1) The Kennel Club (UK)

breed groups; 2) typical adult bodyweight (kg); 3) identification as either Pug, French Bulldog,

or English Bulldog due to prior interest based upon the work of Packer et al [13]; and 4) breed

designation (purebred, crossbred, or designer crossbred—the latter defined as purpose-bred

crosses between defined purebred progenitor breeds [45]).

Dog management, training, and health

Respondents reported in the 2020 survey whether they were the primary carer for their dog or

if care was shared within or outside the household. In the 21-month survey, respondents were

asked if there had been a change in who was involved in their dog’s care, including dog walkers

or doggy day-care, and whether the owners left their dogs for more than four hours was

reported in both surveys. In the 21-month survey, respondents indicated their current work

location (in relation to home); whether any other adult in the household works away from

home; whether they took their dog to their place of work; whether COVID-19 affected the

household finances; and whether the respondent anticipated that changes in household cir-

cumstances would make it easier or harder to own a dog.

Attendance was reported for puppy classes at less than 16-weeks-old, and adult training classes

to 21-months-old (in person, online, or no). Respondents reported training methods or aids that

they used on their dog up to 21-months of age. Based on the principles of operant conditioning,

each method or aid was classified was as reward-based (positive reinforcement, negative punish-

ment) or aversive (negative reinforcement, positive punishment). Respondents were allocated a

training style based on the classification of methods or aids they used as reward-only, aversive-

only, rewards with one aversive method, or rewards with more than one aversive method [31].

Table 1. (Continued)

Potential risk factor Primary reason to

consider*
Dog has ongoing health problem requiring veterinary attentionb [13] Identified

Dog behaviour [18, 19, 43] Identified

Control problemb

Attention seekingb

Aggressionb

Fear/avoidanceb

Reaction to familiar peopleb

Reaction to other dogsb

Abnormal repetitive behavioursb

Separation related behavioursb

Potential risk factors for a weaker dog owner bond (as quantified by the Monash Dog-Owner Relationship Scale

scores) in a population of Pandemic Puppies aged 21-months and bought as puppies under 16-weeks of age in the

UK between July to December 2020.
aData from Pandemic Puppies 2020 survey
bData from survey when same dogs reached 21-months-old

* Reasons for inclusion:

Identified: Risk factors identified in existing literature

Law: required by law in the United Kingdom

Pandemic Puppy: Risk factor significantly different in prevalence in the 2020 Pandemic Puppies cohort compared to

pre-‘Pandemic Puppies’ cohort [27, 30]

COVID-19: Risk factor plausibly influenced by economic and public health events at the time of the surveys

https://doi.org/10.1371/journal.pone.0316166.t001
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In the 21-month survey, respondents who were registered at a veterinary practice, and had

been seen by a veterinary professional since the 2020 survey, were asked if their dog had any

ongoing health problems that required ongoing veterinary care, excluding routine preventative

care. Respondents were asked if their dog had been neutered in 2020 and 2022, with their most

recent neuter status used in this analysis.

Dog behaviour

Problem behaviours considered as risk factors were owner-reported problem behaviour, separa-

tion related behaviour, and abnormal repetitive behaviour. Questions regarding owner-reported

problem behaviours and separation-related behaviours (SRBs) used in surveys of this Pandemic

Puppy cohort have been previously summarised and their risk factors analysed [31]. These vari-

ables were further analysed in the current study as risk factors for MDORS subscale scores. Briefly,

when dogs were 21-months old, respondents selected behaviours from a fixed-choice list that they

considered problematic in their dog, with a free-text option if their specific problem behaviour

was not listed. These owner-reported problem behaviours were categorised by likely emotional-

contextual origin as: attention seeking, aggression, fear and/or avoidance, reaction to familiar peo-

ple, reaction to other dogs, and problems related to owner control [31]. The number of specific

problem behaviours within each emotional-contextual origin category was reported for each dog.

Respondents also selected behaviours displayed by their dog from a list of nine SRBs

together with which of two context options the potential SRB was displayed in: while the dog

was with people who were at home relaxing; or while the dog was left at home alone. SRB cases

were defined as dogs with at least one reported SRB displayed when home alone [31]. Non-

SRB cases were defined as dogs that displayed either none of the nine potential SRBs, or only

displayed potential SRBs while the dog was with people who were relaxing within the home.

In addition, respondents reported if any of five abnormal repetitive behaviours (ARBs)

were displayed by their dog: circling, shadow-chasing, fly-snapping, oral behaviours (e.g., pro-

longed self-directed licking or licking/sucking of other objects), or pica (see S1 Appendix for

complete questionnaire wording). The number of individual ARBs displayed per dog was sum-

marised as a predictor variable.

Data coding

All risk factors were treated as categorical variables. For questions that offered both fixed-

choice and free-text responses, data from free-text responses that matched existing fixed-

choice responses were manually backcoded, as described previously [27]. If no response was

provided for a risk-factor question, “No answer” was included as a category for that factor.

Where appropriate, categories containing fewer than ten observations were combined with

adjacent categories if both categories were ordinal numerical data; or if both categories indi-

cated uncertainty. Where merging was inappropriate, categories with few observations were

retained rather than discarded to avoid reduction of sample size.

Questions that offered fixed-choice responses describing both actions (e.g., whether the

owner took their dog to work) and motivations (e.g., why they did not take their dog to work)

were collapsed to actions only. Information from a prior question asking whether people could

not remember the price paid for their puppy, or would prefer not to say, were added as catego-

ries to the price variable.

Analysis

All three MDORS subscale score distributions were not normally distributed on inspection of

histograms and subsequently reported as median, interquartile range and range. A Cronbach’s
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alpha statistic was calculated for each MDORS subscale to determine reliability (internal con-

sistency) in this cohort. A minimum Cronbach’s alpha of 0.7 for each subscale was considered

acceptable reliability [35, 46] to proceed to risk factor analyses.

Sample size estimation using OpenEpi [47] indicated that scores from at least n = 148

respondents were required to detect a MDORS subscale score difference of 3.00 between two

groups (standard deviation 6.00) where the size of one group was three times that of the other.

Multivariable modelling

Risk factor analysis used separate backwards stepwise multivariable linear mixed modelling for

each of the three MDORS subscale outcome variables (Interaction, Closeness and Perceived

Costs) provided these showed acceptable reliability from the Cronbach’s alpha testing. Respon-

dent age and gender were retained in the final models as a priori confounders, and UK region

and dog birth-month were included as random effects to account for different external events

affecting dog ownership in the latter half of 2020. Risk factors with liberal univariable associa-

tion (p < 0.2) with the separate MDORS subscale outcomes using an F-test were carried for-

ward to the maximum multivariable models. The distribution of standard error of MDORS

scores was assumed to be normal, due to central limit theorem [48].

Pearson’s coefficient of > 0.7 and variance inflation factor > 10 were used to identify possi-

ble collinearity between risk factors. Where collinearity was identified, the variable considered

the most useful explanatory variable was chosen for inclusion in the modelling [46]. At each

step during model building, the risk factor with the highest partial F-test p-value of at least 0.05

was eliminated [46]. Model comparisons were conducted with Akaike Information Criterion

[49, 50]. If elimination of a risk factor resulted in greater than 25% change to the coefficients of

at least one remaining variable, then the risk factor was retained in the model [19]. To show

the standardised mean difference of an effect, Cohens ds effect size for the sample was calcu-

lated for categories included in the model with a z-test p-value < 0.05 [51]. Microsoft Excel

was used for initial data cleaning and Stata 18SE was used for statistical analysis and charts.

Results

Study sample

A total of n = 1007 respondents responded to both the original (puppyhood) and first follow

up survey (21-months) of the Pandemic Puppies project. Of these, n = 985 (97.82%) respon-

dents still owned their dog, n = 13 dogs (1.29%) had been rehomed or sold, and n = 9 (0.89%)

dogs had died or been euthanised. Of respondents who still owned their dog, n = 978 (99.28%)

elected to proceed with the full 21-month survey. Complete responses for all 28 Monash Dog-

Owner Relationship Scale (MDORS) items were provided by n = 794 (81.19%) respondents.

Incomplete MDORS responses by n = 184 (18.81%) consisted of n = 129 (13.19%) respondents

who answered no items, and n = 87 (8.90%) respondents who omitted at least one item.

Respondents with incomplete MDORS responses were excluded from analysis (see Fig 1).

Descriptive statistics

Demographics. In the subset of 794 respondents with complete MDORS responses the

majority (n = 719, 90.55%) of respondents identified as female and all age range categories and

UK regions were represented. Most dogs were categorised as either purebred (n = 551,

69.40%) or designer crossbred (n = 211, 26.57%), with a minority being crossbreeds (n = 32,

4.03%). Very few dogs were one of three brachycephalic breeds previously associated with a

high MDORS scores: Pug, French Bulldog or English Bulldog (total n = 13, 1.64%).
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Lifestyle and behaviour. Nearly half of respondents (n = 359, 45.21%) did not take their

21-month-old dog with them to work outside the home, and a further 43.83% (n = 348) of

owners did not leave the home to work. Over half of owners used a mixed training style which

Fig 1. Sample size and response attrition for investigation of risk-factors for weaker owner-dog relationship

measured by the Monash Dog-Owner Relationship Scale (MDORS) as reported by owners of Pandemic Puppies

aged 21-months, bought as puppies under 16-weeks of age in the UK between 1 July to 31 December 2020.

https://doi.org/10.1371/journal.pone.0316166.g001
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included two or more aversive methods (n = 470, 59.19%). Most respondents reported at least

one problem behaviour related to control (n = 649, 81.74). A full list of risk factors, the propor-

tion of responses in each category, and univariable linear regression results for each separate

outcome, is in S2 Appendix.

MDORS scores. Median MDORS scores were towards the higher end of the range for

Interaction and Closeness subscales, and the lower end of the Perceived Costs subscale

(Table 2).

Frequencies of responses to each MDORS item and histograms of subscale scores are in S3

Appendix.

Cronbach’s alpha exceeded 0.7 for the Closeness and Perceived Costs subscales, indicating high

internal reliability of these scores. The Interaction subscale did not meet the threshold for reliability

in this analysis (Cronbach’s alpha: 0.523) and was thus not analysed further in this study.

Multivariable model building

Four of the 49 risk factors explored did not have a liberal univariable association (p < 0.2) with

either of the Closeness and Perceived Costs subscale outcomes and were therefore not consid-

ered in multivariable modelling: attendance at training classes (puppy and adult dog); owner

leaving their puppy alone for more than four hours; or microchip having been provided by the

breeder. The remaining variables met the liberal association criterion with either or both

Closeness and Perceived Costs scores. All behaviour variables had a highly statistically signifi-

cant univariable association (p < 0.003) with the Perceived Costs subscale.

Pearson pairwise correlations coefficients were < |0.5| in both models, and Variance Infla-

tion Factors (VIF) were < 10 for Closeness. In the case of Perceived Costs, VIF were > 10 for

The Kennel Club (UK) breed group and breed type designation, therefore breed group was

excluded from the modelling. Final linear mixed models for both Closeness and Perceived

Costs showed normality of residuals and homoscedasticity by inspection of plots (see

S4 Appendix).

Adjusted R-squared for a fixed effects model of Perceived Costs scores was 0.21. Random

effects for UK Region and dog birth-month improved the fit of the Costs model (likelihood

ratio test p = 0.040) compared to a fixed-effects multivariable linear regression model.

Adjusted R-squared for a fixed effects Closeness model was 0.19. The random effects model

was reported, however no improvement was detected from adding UK Region and dog birth-

month as random effects to the Closeness model (likelihood ratio test p = 0.996).

Final multivariable model for Perceived Costs

Problem behaviours related to lack of control, fear, aggression, and separation represented

many of the risk factors significantly associated with increased Perceived Costs score, after

adjusting for UK Region and the dog birth-month, when more than one different problem

behaviour was reported within each motivation-context of control, fear, and aggression

(Fig 2).

Table 2. Summary Monash Dog-Owner Relationship Scale (MDORS) scores reported by owners of Pandemic Puppies aged 21-months, bought as puppies under

16-weeks of age in the UK between July to December 2020 (n = 794).

Subscale (possible range) Range Median Interquartile range Cronbach’s alpha

Dog owner interaction (9–45) 18–45 38 36–45 0.523

Perceived emotional closeness (10–50) 14–50 40 35–46 0.886

Perceived costs (9–45) 9–38 16 12–20 0.871

https://doi.org/10.1371/journal.pone.0316166.t002
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Two risk factors related to motivation for purchase were associated with increased Per-

ceived Costs scores: dogs acquired as a companion for others in the household rather than the

respondent; and the COVID-19 pandemic explicitly influencing the puppy purchase (Fig 2).

Factors associated with reduced Perceived Costs score related to the provision of care by

owners for their dog, and their prior experience before acquiring this dog (Fig 2). Respondents

who stated they were experienced dog owners as the reason for not doing research prior to

purchasing their puppy had a lower Perceived Costs score compared to those who reported

that they did prior research before purchasing their puppy (Fig 2). Perceived Costs scores were

lower among respondents who reported the primary caregiver for their dog had changed since

Fig 2. Mixed multivariable linear regression model for risk factors influencing Perceived Costs to owners of 21-month-old Pandemic Puppies bought as

puppies under 16-weeks of age in the UK between July to December 2020, as measured by the Perceived Costs subscale of the Monash Dog-Owner

Relationship Scale (n = 794). Blue/up arrows indicate risk factors that increase Perceived Costs reflecting a weaker owner-dog relationship, orange/down

arrows display decreased Perceived Costs reflecting a stronger owner-dog relationship. Arrow width proportional to effect size. Regression coefficient (95%

confidence interval) represented to the right of the arrow for each risk factor. Risk factors with an effect size with a confidence interval that includes 0 are not

included. Adjusted for training method and anticipated changes to household circumstances. Random effects: UK Region and dog birth month.

https://doi.org/10.1371/journal.pone.0316166.g002
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the first survey compared to those reporting no change, and for respondents who took their

dog with them to work (if they worked outside the home), compared to those that did not

leave the home to work (Fig 2).

Training methods and anticipated changes to household circumstances in the next three

months were retained in the model with a significant contribution based on the partial F-test,

but no categories showed a significant effect size.

Largest effect sizes (those categories with the highest standardised magnitude of change to

the outcome, Perceived Costs, compared to their base category) were observed as an increase

in Perceived Costs when aggressive behaviours were reported in 3 or 4 different contexts, such

as towards their owner, strangers, other dogs (Cohens ds +0.95, 95% confidence interval (CI):

0.40–1.51); and a decrease in Perceived Costs when the respondent took their dog to work out-

side of the home at least half of the time, compared to not leaving the home for work (Cohens

ds -0.57, 95% CI: -1.00 to -0.14) (Fig 2).

Final multivariable model for Perceived Emotional Closeness

Risk factors associated with changes to Closeness scores were largely related to dog and owner

demographics, dog purchase, and management of the dog, after adjusting for UK Region and

dog birth-month. Aggression was the only statistically significant behavioural risk factor in the

Closeness model (Fig 3).

Many demographic risk factors were associated with Closeness scores. Closeness scores were

lower for men compared to women; for respondents aged 35–44 or 55–64 years old compared to

those aged 25–34 years old; for dogs which weighed 10–30 kg compared to those 0–10 kg; for

respondents with children in the home compared to none; and respondents working a mixture of

at home and outside the home compared to working solely from home (Fig 3). Living alone com-

pared to living with another adult was associated with higher Closeness scores, as was another

other adult working outside the home compared to working at home, and change (for better or

worse) in household finances compared to those prior to the COVID-19 pandemic (Fig 3).

Closeness scores were higher when the dog had been acquired as a companion for the

respondent; acquired for a specific working role; acquired within six months of deciding to

own a dog compared to taking longer to decide; and if the respondent had previously owned a

dog as an adult (Fig 3). Closeness scores were lower when primary care for the dog was shared

with another individual living separately from the respondent’s household, and higher if

respondents never took their dog to work with them outside the home compared to not leav-

ing the home for work (Fig 3). Using only one aversive-based method compared to two or

more aversive-based training methods was associated with increased Closeness scores (Fig 3).

Risk factors associated with lower Closeness scores with notable effect sizes were the pri-

mary caring being shared with another individual living separately from the respondents

household compared to the respondent being the primary caregiver for the dog (Cohens ds

-0.77, 95% CI:-1.28—-0.25) and if 3 or 4 different types of aggressive behaviour were reported

(Cohens ds -0.77, 95%CI -1.32 –-0.22) (Fig 3). Duration of acquisition decisions was also sig-

nificantly associated with Closeness scores, with more rapid decisions associated with higher

scores; taking less than a week between the decision to acquire a puppy and bringing them

home was associated with a higher Closeness score with a large effect compared to those who

took six months or longer (Cohens ds +0.62, 95% CI 0.10–1.14) (Fig 3). Although smaller effect

sizes, the same direction of relationship was seen between those who took between 1 week– 1

month (Cohens ds +0.48, 95% CI 0.20–0.77) or 1–6 months (Cohens ds +0.16, 95% CI 0.01–

0.30) between decision to acquire to bringing their puppy home, compared to taking six

months or longer.
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Discussion

Despite earlier fears of high levels of relinquishment for puppies acquired during the early part

of the pandemic [24, 34], few dogs in this study had been relinquished by 21-months of age.

However, measurement of the owner-dog relationship in the current study has still identified

risk factors, both pandemic and non-pandemic related, that can negatively impact owner’s

emotional relationship with their dog and increase the burdens of dog ownership. If not

addressed, these factors could impair the welfare of dogs, reduce the wellbeing of owners, and

lead to relinquishment and euthanasia of dogs in the future.

This current study highlights the association of problem canine behaviours with increased

burdens of dog ownership; reveals complexity between owner’s relationships with their dogs

and work commitments; and confirms that demographic risk factors represented many of the

Fig 3. Mixed multivariable linear regression model for risk factors influencing Perceived Emotional Closeness between owners of 21-month-old

Pandemic Puppies bought as puppies under 16-weeks of age in the UK between July to December 2020, as measured by the Perceived Emotional

Closeness subscale of the Monash Dog-Owner Relationship Scale (n = 794). Orange/up arrows indicate risk factors that increase Closeness reflecting a

stronger owner-dog relationship, blue/down arrows display decreased Closeness reflecting a weaker owner-dog relationship. Arrow width proportional to

effect size. Regression coefficient (95% confidence interval) represented to the right of the arrow for each risk factor. Risk factors with an effect size with a

confidence interval that includes 0 are not included. Random effects: UK Region and dog birth month.

https://doi.org/10.1371/journal.pone.0316166.g003
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factors influencing the Closeness score—including owner age [18, 19, 38], gender [18] and

owners having no children in the house [15, 16, 19].

Dog behaviour and Perceived Costs

Owner-reported problem behaviours were identified as the primary drivers of increased Perceived

Costs of dog ownership, a negative element of the owner-dog relationship reflecting the ‘burden’

of caregiving. Problem behaviour has previously been reported as a risk factor for a reduced

owner-dog relationship [18, 43], relinquishment [52] and euthanasia [53]. As aforementioned,

although in the current study only 22 owners who responded at 21-months had either relin-

quished their dog or had their dog euthanised, four of the 13 relinquishments and three of the

nine euthanasias were due to behavioural issues [31]. Future behavioural relinquishments and

euthanasia may occur in pandemic puppies if problem behaviour is exacerbated or cannot be

resolved, given that behaviour problems are most commonly presented in dogs aged 2.5–3.7 years

of age [54], and there is a proportionally high risk of euthanasia for undesirable behaviour at this

age [53]. Aggression towards people and other animals have been identified as the main drivers of

behavioural euthanasia in previous international studies [55–57], and thus particular focus on this

population of dogs and their owners is needed by researchers, and also from organisations offer-

ing practical support. Longitudinal study of this population may provide insight as to whether res-

olution of problem behaviour can decrease the Perceived Costs of dog ownership, and thus

reduce relinquishment and euthanasia on behavioural grounds, or whether persistent or worsen-

ing behavioural problems are associated with these negative outcomes.

The current study demonstrates the differential effects of problem behaviour on different

facets of the owner-dog relationship: problem behaviour is shown as a major contributor to

the Perceived Cost of pet ownership but has a lesser impact on the owner’s feelings of emo-

tional closeness towards that dog, with the notable exception of aggressive behaviours in multi-

ple contexts. Aggression has the potential to reduce many of the social activities that people

find pleasurable with their dog, both inside the home and in the community, thus reducing the

opportunity for shared time and development of the emotional relationship [16]. It has been

suggested that lower attachment from their owner may lead to increased dog aggression [58],

or alternatively the fear of harm to self, other people, and other dogs may have made owners

feel insecure in their relationship with their dog and therefore reduced the closeness of the

owner to their aggressive dog. A Danish study measuring MDORS [19], also found owner per-

ceived problems with fear were associated with increased Perceived Costs but not Closeness.

Aggression or being home alone were not shown to be associated with either outcome, perhaps

reflecting the different cultural expectations and management of dogs.

Other studies of showing the relationship between problem behaviour and the owner-dog

relationship have examined the interaction between the owner and the dog [18], or attachment

[10, 43], and thus have not been able to identify the contrasting effect of behaviour on different

aspects of the relationship. The low frequency of relinquishment in this study could be further

explained by problem behaviour not being associated with decreased Closeness (and thus the

close emotional relationship with the dogs buffers the ‘burden’ of owning them resulting in

less relinquishment [10]). However, it has been shown that relinquishing owners do not neces-

sarily have lower emotional attachment to their dogs [39] so more information on the changes

to the owner-dog relationship over time in relation to risk factors and relinquishment is

warranted.

That owners are emotionally close to their dogs despite problem behaviour does not mean

the burden of problem behaviour is not of wider concern. Some behaviours that were reported

in the current study, such as vocalisation or toileting indoors, can indicate a poor emotional
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state in the dog displaying them [59] rather than merely normal canine behaviour that is

unwanted by the owner. Problem behaviour in dogs can negatively affect owners’ mental

health [7], potentially through the mechanism of disenfranchised guilt [9], and thus even

though owners may still enjoy a close relationship with their dog, it may have an impact on the

owners’ mental wellbeing. Given that problem behaviours were found to be widespread in this

cohort (96.7%; reported in a sister paper exploring behaviour in the Pandemic Puppy cohort at

21-months [31]), evidence-based interventions aimed at reducing problem behaviour are

likely to be vital in improving and protecting dog welfare as well as reducing associated bur-

dens of dog ownership, and thereby restoring the owner-dog relationship.

Training

Only the use of mainly reward-based training (with one aversive) compared to those who used

multiple aversive training methods was associated with a stronger relationship (higher Close-

ness, lower Perceived Costs), and, of these, only the association with Closeness had a 95% con-

fidence of a positive effect size. No association was detected for purely reward-based training,

and no respondents used only aversive training methods. The most common aversive training

method used by respondents was physically moving their dog (e.g., to move hindquarters to

encourage sit, or move off furniture) [31], but additional data on the degree of force and emo-

tional reaction of the dog was not collected. Given that reward-based training has previously

been shown to be more effective [60], and associated with less problem behaviour in this sam-

ple [31], the inclusion of problem behaviour in the model has reduced statistically the associa-

tion between relationship and training methods. The observation of a weaker owner-dog

relationship with increasing use of aversive techniques in this current study supports current

evidence promoting reward-based training [21, 22, 60]. This is an important result given the

high prevalence of the use of aversive dog training techniques among owners in this [31] and

other study populations [21, 60, 61].

The COVID-19 pandemic and the owner-dog relationship

Of those risk factors tested that were related to changes in dog acquisitions during the pan-

demic [27, 30], several were found to be associated with MDORS outcomes. COVID-19 explic-

itly influencing the owners’ decision to acquire a dog was associated with increased Costs: this

may reflect these decisions being based on the specific lifestyle of owners during this atypical

time, but that once changed, led to a higher burden of ownership. Given that approximately

40% of owners felt that the COVID-19 pandemic influenced their decision to acquire a puppy

in 2020 [27], a large number of dog-owners nationally may be affected by this additional bur-

den. It follows that public messaging and behavioural interventions, e.g., from animal charities,

should focus on reaching future owners, considering the potentially 11-year average lifespan

[62] of UK dogs, and to reflect on potential lifestyle changes in this 11-year period that could

impair their ability to care for their dog in the medium-long term. However, efforts to encour-

age ‘responsible’ acquisition, where prospective owners are aware of the responsibilities that

come with owning a dog and consider their ability to care for a dog for the whole of the dog’s

lifespan, appear to have limited effectiveness in the UK. For example, the charity Dogs Trust’s

famous slogan, ‘A Dog is for Life, not just for Christmas’ was repurposed for the pandemic as

‘A Dog is for Life, not just for Lockdown’, and yet the Pandemic Puppy phenomenon was

widespread [63]. Studies report that owners’ awareness of the legal responsibilities that come

with dog ownership are poor, including those related to safeguarding health and welfare. For

example, Irish dog owners were no more knowledgeable than non-dog owners regarding the

responsibilities of dog owners prescribed by law in Ireland [64]. Consequently, greater
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understanding is needed of why owners continue to impulsively acquire dogs in the face of

such widespread messaging, when the owners’ future circumstances are liable to lead to chal-

lenges providing care; and ultimately even relinquishment. Restrictions to current acquisition

practices (e.g., compulsory courses that new owners must attend, as already implemented in

countries such as Spain since 2023 [65] and in the Canton of Zurich since 2022 [66]) could be

an effective deterrent for impulsive acquisition. However, the efficacy of these rules and

whether there would be political will and resources to implement them in the UK is currently

unknown.

COVID-19 affecting household finances, for better or worse, was associated with increased

Closeness. Both directions of change may have led to the respondent and their dog spending

more time together strengthening the relationship [67], either through more time spent at

home (rather than paid work) or ability to participate in shared paid-for activities.

A shorter period between deciding to acquire a puppy and bringing them home was signifi-

cantly associated with increased Closeness. This could be a reflection of owners acting to pre-

vent the pandemic thwarting a long-held desire to get a puppy, rather than impulsivity,

although the pandemic influencing the decision to acquire a dog was a separate risk factor. It is

possible the strong relationship between Closeness score and a short interval between decision

and acquisition of a puppy may be because both are a measure of the owner’s expression of

emotion, rather than rapid acquisition genuinely leading to forming a stronger relationship.

However, Closeness score has been previously associated with the human personality trait

“conscientiousness” [41], which is not consistent with this hypothesis.

Owner working and dog-care arrangements

Risk factors related to management of the dog (work location, taking dog to work, change in

care arrangements) showed varied and superficially contradictory associations with either out-

come of Closeness or Perceived Costs. For example, compared to working at home, taking the

dog to work outside the home was associated with reduced Perceived Costs (stronger relation-

ship; perhaps due to the increased efficiency of working while caring for their dog at no extra

financial cost, e.g., daycare). However, working outside the home address without the dog was

associated with increased Closeness (also stronger relationship; perhaps due to the relative

novelty of interactions between dog and owner compared to those together all day, or reduced

conflict between the demands of paid work and caring for their dog). Also, not sharing pri-

mary care was associated with increased Closeness (stronger relationship) and changing who

was involved in the care of the dog since 2020 was associated with reduced Perceived Costs

(also stronger relationship). The apparent contradiction could be explained by interaction

between variables, whereby subpopulations of owners within this sample may have had differ-

ent motivations for working location and dog management which could not be identified with

this sample size. The complex relationship between owners’ feelings for their dogs, burdens of

pet ownership, and commitment to work warrants further investigation, particularly as work-

family conflict has been identified as a stressor in dog owners [9].

Limitations

The respondents of the Pandemic Puppies surveys were highly skewed towards women, as is

common in survey research about pets [7, 8, 13, 35]. The dog’s primary caregiver was asked to

complete the survey, so this may be less of a limitation and more a reflection of dog caregiving

as historically women’s work [68]. Data were owner-reported; while this was essential for data

regarding owners’ relationships with their dogs, measures of dog behaviour and owner actions

may be less reliable due to the known unreliability of owner interpretation and reporting of
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dog behaviour [69]. However, this epidemiological approach facilitated collection of a large-

scale dataset that practical measures would preclude.

Very few respondents owned Pugs, English Bulldogs or French Bulldogs and thus any

effects of this demographic on MDORS could not be effectively explored. Data on education

and socio-economic status were not collected and may influence measures of the owner-dog

relationship, and thus will be explored in this cohort in future studies.

MDORS scores were not available for respondents who no longer had their dog (and

reported this at 21-months), or for those that took part in the original study in puppyhood but

chose not to engage in the longitudinal study and were lost to follow up. Social desirability bias

may also have influenced whether and how the survey was completed; for example, owners

who had rehomed their dog may have chosen not to participate further to avoid reporting

their ownership status. As such, the current results may be positively biased and reflect ‘best

case scenarios’ for national pandemic puppy ownership when dogs reached young adulthood.

Other factors not measured here may have resulted in higher relinquishment levels among

the wider population of pandemic puppies not included in this study. It is possible that in a

sample of owners with lower socio-economic status (SES) that these Perceived Costs may have

resulted in higher levels of relinquishment, based on findings from previous studies [39], and

possible link to less secure housing another major reason for relinquishment [52]. Measures of

SES are included in future time points of this longitudinal study, in light of the current cost of

living crisis in the UK.

An owner-dog relationship is a reflection of a history of interactions between owner and

dog [70], and by using a survey it is only reported through one party, the owner. The Closeness

scale does report some behaviour of the dog towards the owner, but Costs reports the owners

attitude towards their dog. Thus in the present study attitude is biased towards the owners’

perception of the owner-dog relationship, in common with many other studies [71]. Owner

attitude is a useful measure as owners control many factors relating to welfare of their dog, and

validation of MDORS in the UK would benefit future analysis of attitudes to UK owners

towards their dogs. A strong relationship is not sufficient to ensure good welfare, so MDORS

score should not be taken as a surrogate welfare measure for the dog.

In addition, the cross-sectional nature of the current study could not investigate if the

increased burden of dog ownership reflected in the Costs scores will result in future relinquish-

ment and behavioural euthanasia; however, future longitudinal analysis of this cohort has the

potential to fill this gap. Furthermore, investigation of the relationships between the owner-

dog relationship, behaviour, relinquishment and euthanasia in this Pandemic Puppies cohort

as they age could inform if MDORS Costs scores are reduced as behaviour improves.

Conclusions

Many of the risk factors found to decrease the owner-dog relationship in the Pandemic Pup-

pies cohort are not unique to the COVID-19 pandemic time-period and its atypical circum-

stances. Instead, they largely relate to problem behaviours, which although amplified in this

cohort, are highly prevalent in the wider dog population. Interventions to support these own-

ers with evidence-based behavioural advice, utilising reward-based training could improve

their relationship with their dog, and the quality of life on both sides of the dog-human rela-

tionship. Lessons can also be learned regarding the importance of well-considered puppy

acquisitions, with owners whose decision to purchase a puppy was motivated specifically by

the pandemic being more likely to experience weaker owner-dog relationships. Identifying

effective strategies to support owners in contemplating the stability of their circumstances at

the time of proposed acquisition, and to reflect on whether they are suited for long-term dog
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ownership may help prevent ill-considered purchasing that results in weak owner-dog rela-

tionships and potential future relinquishment.
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14. Calvo P, Bowen J, Bulbena A, Tobeña A, Fatjó J. Highly Educated Men Establish Strong Emotional

Links with Their Dogs: A Study with Monash Dog Owner Relationship Scale (MDORS) in Committed

Spanish Dog Owners. PLOS ONE. 2016 Dec 29; 11(12):e0168748. https://doi.org/10.1371/journal.

pone.0168748 PMID: 28033397

15. Dotson MJ, Hyatt EM. Understanding dog–human companionship. J Bus Res. 2008 May 1; 61(5):457–

66.

16. Marinelli L, Adamelli S, Normando S, Bono G. Quality of life of the pet dog: Influence of owner and dog’s

characteristics. Appl Anim Behav Sci. 2007 Dec 10; 108(1):143–56.

17. Bouma EMC, Vink LM, Dijkstra A. Social-Cognitive Processes Before Dog Acquisition Associated with

Future Relationship Satisfaction of Dog Owners and Canine Behavior Problems. Anthrozoös. 2020 Sep

2; 33(5):659–72.

18. Bennett PC, Rohlf VI. Owner-companion dog interactions: Relationships between demographic vari-

ables, potentially problematic behaviours, training engagement and shared activities. Appl Anim Behav

Sci. 2007 Jan 1; 102(1):65–84.

PLOS ONE Canine behaviour and the owner-dog relationship

PLOS ONE | https://doi.org/10.1371/journal.pone.0316166 February 12, 2025 19 / 22

https://dictionary.cambridge.org/dictionary/essential-british-english/welfare
https://www.frontiersin.org/articles/10.3389/fvets.2021.666898
http://www.ncbi.nlm.nih.gov/pubmed/34722690
https://doi.org/10.3390/ani10101870
http://www.ncbi.nlm.nih.gov/pubmed/33066335
https://doi.org/10.1093/geront/gnw051
http://www.ncbi.nlm.nih.gov/pubmed/27002004
https://doi.org/10.1186/s12889-024-18037-4
https://doi.org/10.1186/s12889-024-18037-4
http://www.ncbi.nlm.nih.gov/pubmed/38438977
https://doi.org/10.1038/s41598-023-48731-z
http://www.ncbi.nlm.nih.gov/pubmed/38066034
https://doi.org/10.3390/ani12151892
https://doi.org/10.3390/ani12151892
http://www.ncbi.nlm.nih.gov/pubmed/35892542
https://doi.org/10.3390/ani12131690
https://doi.org/10.3390/ani12131690
http://www.ncbi.nlm.nih.gov/pubmed/35804588
https://doi.org/10.1080/10888705.2013.768923
https://doi.org/10.1080/10888705.2013.768923
http://www.ncbi.nlm.nih.gov/pubmed/23544756
https://avmajournals.avma.org/view/journals/javma/247/10/javma.247.10.1121.xml
https://avmajournals.avma.org/view/journals/javma/247/10/javma.247.10.1121.xml
http://www.ncbi.nlm.nih.gov/pubmed/26517615
https://doi.org/10.1371/journal.pone.0219918
http://www.ncbi.nlm.nih.gov/pubmed/31323057
https://doi.org/10.1371/journal.pone.0168748
https://doi.org/10.1371/journal.pone.0168748
http://www.ncbi.nlm.nih.gov/pubmed/28033397
https://doi.org/10.1371/journal.pone.0316166


19. Meyer I, Forkman B. Dog and owner characteristics affecting the dog–owner relationship. J Vet Behav.

2014; 9(4):143–50.

20. Herwijnen IR van, van der Borg JAM, Naguib M, Beerda B. Dog ownership satisfaction determinants in

the owner-dog relationship and the dog’s behaviour. Olsson IAS, editor. PLOS ONE. 2018 Sep 20; 13

(9):e0204592. https://doi.org/10.1371/journal.pone.0204592 PMID: 30235347

21. Blackwell EJ, Twells C, Seawright A, Casey RA. The relationship between training methods and the

occurrence of behavior problems, as reported by owners, in a population of domestic dogs. J Vet

Behav. 2008 Sep 1; 3(5):207–17.

22. Deldalle S, Gaunet F. Effects of 2 training methods on stress-related behaviors of the dog (Canis famil-

iaris) and on the dog–owner relationship. J Vet Behav. 2014 Mar 1; 9(2):58–65.

23. Vieira de Castro AC, Barrett J, de Sousa L, Olsson IAS. Carrots versus sticks: The relationship between

training methods and dog-owner attachment. Appl Anim Behav Sci. 2019 Oct 1; 219:104831.

24. Battersea. The Impact of COVID-19 on Companion Animal Welfare [Internet]. 2020 Nov [cited 2023 Apr

8]. Available from: https://www.battersea.org.uk/what-we-do/animal-welfare-campaigning/impact-

covid-19-companion-animal-welfare

25. Institute for Government. Timeline of UK government coronavirus lockdowns and restrictions [Internet].

2022 [cited 2023 Aug 26]. Available from: https://www.instituteforgovernment.org.uk/data-visualisation/

timeline-coronavirus-lockdowns

26. Siettou C. Societal interest in puppies and the Covid-19 pandemic: A google trends analysis. Prev Vet

Med. 2021 Nov 1; 196:105496. https://doi.org/10.1016/j.prevetmed.2021.105496 PMID: 34555632

27. Packer RMA, Brand CL, Belshaw Z, Pegram CL, Stevens KB, O’Neill DG. Pandemic Puppies: Charac-

terising Motivations and Behaviours of UK Owners Who Purchased Puppies during the 2020 COVID-19

Pandemic. Animals. 2021 Sep; 11(9):2500. https://doi.org/10.3390/ani11092500 PMID: 34573466

28. McMillan FD, Serpell JA, Duffy DL, Masaoud E, Dohoo IR. Differences in behavioral characteristics

between dogs obtained as puppies from pet stores and those obtained from noncommercial breeders. J

Am Vet Med Assoc. 2013 May 15; 242(10):1359–63. https://doi.org/10.2460/javma.242.10.1359 PMID:

23634679

29. Schumaker BA, Miller MM, Grosdidier P, Cavender JL, Montgomery DL, Cornish TE, et al. Canine dis-

temper outbreak in pet store puppies linked to a high-volume dog breeder. J Vet Diagn Invest. 2012 Nov

1; 24(6):1094–8. https://doi.org/10.1177/1040638712460531 PMID: 23012378

30. Brand CL, O’Neill DG, Belshaw Z, Pegram CL, Stevens KB, Packer RMA. Pandemic Puppies: Demo-

graphic Characteristics, Health and Early Life Experiences of Puppies Acquired during the 2020 Phase

of the COVID-19 Pandemic in the UK. Animals. 2022 Jan; 12(5):629. https://doi.org/10.3390/

ani12050629 PMID: 35268198

31. Brand CL, O’Neill DG, Belshaw Z, Dale FC, Merritt BL, Clover KN, et al. Impacts of Puppy Early Life

Experiences, Puppy-Purchasing Practices, and Owner Characteristics on Owner-Reported Problem

Behaviours in a UK Pandemic Puppies Cohort at 21 Months of Age. Animals. 2024 Jan; 14(2):336.

https://doi.org/10.3390/ani14020336 PMID: 38275796

32. ONS. Consumer price inflation, UK—Office for National Statistics [Internet]. 2022 [cited 2023 Apr 18].

Available from: https://www.ons.gov.uk/economy/inflationandpriceindices/bulletins/

consumerpriceinflation/august2022

33. ONS. Characteristics of homeworkers, Great Britain—Office for National Statistics [Internet]. 2023

[cited 2023 Apr 13]. Available from: https://www.ons.gov.uk/employmentandlabourmarket/

peopleinwork/employmentandemployeetypes/articles/characteristicsofhomeworkersgreatbritain/

september2022tojanuary2023

34. RSPCA. Meet the unwanted lockdown puppies—RSPCA [Internet]. 2021 [cited 2023 Apr 8]. Available

from: http://www.rspca.org.uk/-/blog-meet-the-unwanted-lockdown-puppies

35. Dwyer F, Bennett PC, Coleman GJ. Development of the Monash Dog Owner Relationship Scale

(MDORS). Anthrozoös. 2006 Sep; 19(3):243–56.

36. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Build-

ing an international community of software platform partners. J Biomed Inform. 2019 Jul; 95:103208.

37. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture

(REDCap)—A metadata-driven methodology and workflow process for providing translational research

informatics support. J Biomed Inform. 2009 Apr 1; 42(2):377–81. https://doi.org/10.1016/j.jbi.2008.08.

010 PMID: 18929686

38. Bouma EMC, Vink LM, Dijkstra A. Expectations Versus Reality: Long-Term Research on the Dog–

Owner Relationship. Anim Open Access J MDPI. 2020 Apr 29; 10(5):772. https://doi.org/10.3390/

ani10050772 PMID: 32365588

PLOS ONE Canine behaviour and the owner-dog relationship

PLOS ONE | https://doi.org/10.1371/journal.pone.0316166 February 12, 2025 20 / 22

https://doi.org/10.1371/journal.pone.0204592
http://www.ncbi.nlm.nih.gov/pubmed/30235347
https://www.battersea.org.uk/what-we-do/animal-welfare-campaigning/impact-covid-19-companion-animal-welfare
https://www.battersea.org.uk/what-we-do/animal-welfare-campaigning/impact-covid-19-companion-animal-welfare
https://www.instituteforgovernment.org.uk/data-visualisation/timeline-coronavirus-lockdowns
https://www.instituteforgovernment.org.uk/data-visualisation/timeline-coronavirus-lockdowns
https://doi.org/10.1016/j.prevetmed.2021.105496
http://www.ncbi.nlm.nih.gov/pubmed/34555632
https://doi.org/10.3390/ani11092500
http://www.ncbi.nlm.nih.gov/pubmed/34573466
https://doi.org/10.2460/javma.242.10.1359
http://www.ncbi.nlm.nih.gov/pubmed/23634679
https://doi.org/10.1177/1040638712460531
http://www.ncbi.nlm.nih.gov/pubmed/23012378
https://doi.org/10.3390/ani12050629
https://doi.org/10.3390/ani12050629
http://www.ncbi.nlm.nih.gov/pubmed/35268198
https://doi.org/10.3390/ani14020336
http://www.ncbi.nlm.nih.gov/pubmed/38275796
https://www.ons.gov.uk/economy/inflationandpriceindices/bulletins/consumerpriceinflation/august2022
https://www.ons.gov.uk/economy/inflationandpriceindices/bulletins/consumerpriceinflation/august2022
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/characteristicsofhomeworkersgreatbritain/september2022tojanuary2023
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/characteristicsofhomeworkersgreatbritain/september2022tojanuary2023
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/articles/characteristicsofhomeworkersgreatbritain/september2022tojanuary2023
http://www.rspca.org.uk/-/blog-meet-the-unwanted-lockdown-puppies
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.3390/ani10050772
https://doi.org/10.3390/ani10050772
http://www.ncbi.nlm.nih.gov/pubmed/32365588
https://doi.org/10.1371/journal.pone.0316166


39. Dolan ED, Scotto J, Slater M, Weiss E. Risk Factors for Dog Relinquishment to a Los Angeles Municipal

Animal Shelter. Animals. 2015 Dec; 5(4):1311–28. https://doi.org/10.3390/ani5040413 PMID:

26690483
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