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ABSTRACT 

The study of behaviour requires a thorough understanding of the complexity 

of the field. Behaviours are affected by several genetic and environmental 

factors. Unwanted behaviours in dogs are common and may considerably 

worsen their wellbeing and impair the dog-owner relationship. 

As dogs spontaneously exhibit many behaviours with symptoms 

corresponding to human disorders, they have been suggested as potential 

models for human psychiatric disorders, specifically ADHD and OCD, the 

two most common neuropsychiatric disorders in humans. ADHD-like 

behaviour in dogs includes hyperactive, impulsive and, inattentive behaviour. 

Canine repetitive behaviours, which resemble human OCD, are invariant, 

repetitive behaviour patterns, such as tail chasing and light and shadow 

snatching. As with humans, behaviours related to ADHD and OCD are still 

poorly understood in dogs, and a better understanding of these traits could 

benefit both dogs and humans. 

The aim of this thesis is to understand the prevalence, comorbidity, and 

breed-specificity of unwanted canine behaviours and discover the risk factors 

that influence them, with a specific focus on ADHD-like and repetitive 

behaviours. The specific aims of this thesis are to 1) collect a large amount of 

behavioural data to study unwanted behaviours in dogs, 2) identify the 

demographic, environmental, and behavioural factors associated with canine 

hyperactivity/impulsivity, inattention, and repetitive behaviours, and 3) 

investigate metabolic factors associated with ADHD-like behaviour in dogs. 

Online questionnaires were used to collect behavioural and background 

data from dog owners. A large dataset of 13,715 dogs and 264 breeds was 

collected and analysed with different methods, including generalised linear 

models and multiple logistic regression for the different risk factors of 

unwanted behaviours. A non-targeted metabolomics approach was used to 

identify metabolites associated with canine ADHD-like behaviour. 

The results of this thesis confirm that unwanted canine behaviours are 

common, that dog breeds differ in their behaviour, and that many 

behavioural traits correlate with each other. This thesis also demonstrated 

several risk factors influencing canine ADHD-like and repetitive behaviour, 

providing new information on these behaviours and possibilities for better 

recognition and management of these traits in dogs. Additionally, many risk 

factors identified in this thesis parallel findings from human studies. This 

strengthens the role of the dog as a promising animal model to increase the 

understanding of human psychiatric disorders. 
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TIIVISTELMÄ 

Käyttäytymistutkimus vaatii perusteellista ymmärrystä käyttäytymisen 

monimutkaisuudesta. Monet geenit ja ympäristötekijät vaikuttavat 

käyttäytymiseen. Ei-toivottu käytös on yleistä koirilla ja saattaa merkittävästi 

heikentää niiden hyvinvointia sekä koirien ja omistajien välistä 

vuorovaikutussuhdetta. 

Koska koirat osoittavat luonnostaan monia sellaisia käytöksiä, jotka 

vastaavat ihmisillä tavattuja psykiatrisia häiriöitä, koiria on ehdotettu 

mallieläimiksi ihmisten psykiatristen häiriöiden tutkimuksessa. ADHD:n 

kaltainen käytös koirilla ilmenee yliaktiivisena ja impulsiivisena 

käyttäytymisenä sekä keskittymiskyvyttömyytenä. Ihmisten OCD:tä 

muistuttava koirien pakko-oireinen käytös on muuttumatonta, toistuvaa 

käyttäytymistä, kuten hännänjahtaus tai valojen ja varjojen nappailu. Nämä 

käytökset, kuten myös ADHD ja OCD ihmisillä, ovat yhä huonosti tunnettuja, 

ja niiden parempi ymmärtäminen voisi hyödyttää sekä koiria että ihmisiä. 

Tämän väitöskirjatyön tavoitteena oli ymmärtää koirien ei-toivottujen 

käyttäytymispiirteiden yleisyyttä, komorbiditeettia ja rotuspesifisyyttä ja 

löytää niihin vaikuttavia riskitekijöitä. Erityisen kiinnostuksen kohteena 

olivat koirien ADHD:n kaltainen käyttäytyminen sekä pakko-oireinen 

käyttäytyminen. Väitöskirjatyön tarkempina tavoitteina oli 1) kerätä laaja 

käyttäytymisaineisto koirien ei-toivotun käyttäytymisen tutkimista varten, 2) 

tunnistaa riskitekijöitä, jotka ovat yhteydessä koirien yliaktiiviseen ja 

impulsiiviseen käyttäytymiseen, keskittymiskyvyttömyyteen sekä pakko-

oireiseen käyttäytymiseen ja 3) tutkia ADHD:n kaltaiseen käyttäytymiseen 

liittyviä aineenvaihduntatekijöitä koirilla. 

Tietoja koirien käyttäytymisestä sekä taustatietoja kerättiin omistajille 

suunnatuilla online-kyselyillä. Kyselyvastauksilla kerättiin laaja 

käyttäytymisaineisto 13715 koirasta 264 eri rodusta. Aineisto analysoitiin 

käyttäen erilaisia tilastollisia menetelmiä, kuten yleistettyjä lineaarisia 

malleja ja logistista regressiota käyttäytymisen riskitekijöiden 

selvittämisessä. Kohdentamattoman metabolomiikan lähestymistapoja 

hyödynnettiin ADHD:n kaltaiseen käytökseen liittyvien 

aineenvaihduntatekijöiden tunnistamiseksi. 

Tämän väitöskirjatyön tulokset vahvistavat, että ei-toivottu käytös on 

koirilla yleistä, että koirarotujen välillä on käyttäytymiseroja, ja että monet 

käyttäytymispiirteet ovat yhteydessä toisiinsa. Tämä työ myös osoittaa useita 

koirien ADHD:n kaltaiseen ja pakko-oireiseen käyttäytymiseen liittyviä 

riskitekijöitä tarjoten uutta tietoa ja mahdollisuuksia tunnistaa ja hoitaa 

näitä häiriöitä paremmin. Lisäksi monet tässä väitöskirjassa tunnistetuista 

riskitekijöistä vastaavat ihmistutkimusten löydöksiä. Tämä vahvistaa koiran 

asemaa lupaavana mallieläimenä ihmisten psykiatristen häiriöiden 

ymmärtämiseksi. 
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1 INTRODUCTION 

Dogs, one of the world’s most popular pets, live up to their name as man’s 

best friend. For years, dogs have been utilised for several purposes. 

Originally, they were selected for their abilities to help in herding, hunting, 

and guarding. Later, their excellent cognitive and social skills have proven 

beneficial to humans in many ways. 

However, dogs also display many behaviours that are considered 

undesirable by humans, including fearfulness, noise sensitivity, separation 

anxiety, specific phobias, aggressive behaviour, repetitive behaviours, and 

hyperactivity/impulsivity. These unwanted behaviours may worsen their 

wellbeing, impair the dog-owner relationship, and, in severe cases lead to 

relinquishment or euthanasia. 

Psychiatric disorders in humans are complex diseases with a negative 

impact on the individual’s welfare. They result from a combination of several 

genetic and nongenetic risk factors. Despite effective attempts to better 

understand these disorders, the causal mechanisms underlying psychiatric 

disorders are still poorly known. One reason for this is the lack of suitable 

animal models. 

Dogs are suggested as models for many human behaviours, as they have 

many advantages over traditional rodent models. Dogs are large animals and 

are physiologically more similar to humans than rodents. They 

spontaneously display several behavioural traits that resemble human 

behaviour and even share a living environment with humans. Dogs also 

display many anxiety-like behaviours that are similar to the behaviours of 

humans suffering from mental disorders. Thus, dogs can provide new 

insights into the research on human psychiatric disorders. 

This thesis hypothesises that dogs spontaneously engage in ADHD-like 

and repetitive behaviours with breed-specific patterns, that these behaviours 

resemble human ADHD and obsessive-compulsive disorder and are 

influenced by multiple environmental factors, and that ADHD-like behaviour 

is associated with particular serum metabolite levels. 

This thesis identifies numerous factors that affect canine ADHD-like and 

repetitive behaviour, and the results of this study can help to prevent and 

manage abnormal levels of these behavioural traits in dogs. Many findings 

also paralleled the findings of human studies, strengthening the role of the 

dog as an animal model for human psychiatric disorders. 



Review of the literature 

13 

2 REVIEW OF THE LITERATURE 

2.1 BEHAVIOUR 

The study of behaviour has been growing in popularity over the last 

centuries. This has led to a wealth of with different definitions related to 

behaviour and a lack of consistent terminology, although exact definitions 

are very important in the field of science (Levitis et al., 2009). Even 

definitions for the word “behaviour” are inexact and contradictory. Despite 

the disagreements regarding the precise definition of behaviour, based on 

many previous definitions, behaviour can be defined as “the internally 

coordinated responses (actions or inactions) of whole living organisms 

(individuals or groups) to internal and/or external stimuli, excluding 

responses more easily understood as developmental changes” (Levitis et al., 

2009). According to this, the definition of behaviour extends not only to the 

entire animal kingdom but also plants and other organisms (Levitis et al., 

2009). Internally coordinated behaviour means arises in the brain and in the 

nervous system or in a structure with similar functions and requires 

information processing. Behaviour involves both actions and inactions, 

referring to the fact that a response to a stimulus can be seen as active or 

inactive, such as launching an attack or freezing in place in a threatening 

situation. Behaviour is not always a response of a single individual, but can 

also describe the coordinated behaviour of an entire group, such as the 

behaviour of a school of fish. Moreover, behaviour can be displayed as a 

response to an external or an internal stimulus, meaning that, for example, 

feeding behaviour is the result of seeing or smelling food (external stimuli) or 

feeling hunger (internal stimulus) (Levitis et al., 2009). 

Although certain behavioural similarities are shared by almost all 

members of a species (species-specific behaviours) (Haraway & Maples, 

1998), there are differences between individuals in their behaviours (Shelton 

& Martins, 2017). Behavioural research often focuses on studying individual 

variances in behaviour. If a particular individual is moved from a certain 

environment to another, changes in its phenotype may be observed. This 

refers to phenotypic plasticity, a phenomenon that is defined by the ability of 

an organism to change its phenotype in response to stimuli from the 

environment (West-Eberhard, 2008). There is also individual variation in 

levels of phenotypic plasticity. When studying behaviour, this plasticity can 

be separated into developmental plasticity and behavioural flexibility, which 

refers to an individual’s ability to modify their behaviour (Shelton & Martins, 

2017).  

The study of behaviour requires a thorough understanding of the 

complexity of the field. It is important to know why a behaviour is occurring, 

how it develops in an individual, and what its consequences are. 
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2.1.1 FACTORS AFFECTING BEHAVIOUR 

Most animals display a wide range of behaviours influenced by internal and 

external factors during their life. Internal factors include physiological, 

genetic, hormonal, and biological mechanisms, such as neural activity, 

whereas external factors include environmental cues, social interactions, and 

changes in the surrounding environment. Behaviour is a complex trait, and 

all behaviours are affected by several genes, usually with only small effects, a 

large number of environmental factors, and complex interactions between 

various other factors (Overall et al., 2014). 

Genes have an influence on behaviour in all species and behaviour is 

influenced by thousands of genes (Bendesky & Bargmann, 2011). The role of 

genes is important in determining how individuals respond to different 

stimuli. Genetic differences between individuals may explain why some 

individuals are more likely than others to show certain behaviours. As many 

behavioural traits are complex, they are not inherited simply as traits 

affected only by one gene. Thus, large sample sizes are required to discover 

gene variants behind different behavioural traits. 

Hormones can affect behaviour, and behaviour, in turn, can affect 

hormone concentrations (Nelson, 2009). Hormones are chemical 

messengers produced by the endocrine system (Nelson, 2009). They can 

change gene expression or cellular functions and influence behaviour by 

increasing the probability of a particular behaviour occuring as a result of the 

presence of certain stimuli (Nelson, 2009). Measuring hormone levels and 

monitoring receptor interactions in the brain can increase researchers’ 

understanding of interactions between hormones and behaviour (Nelson, 

2009). 

Sensory and molecular inputs from the environment can shape behaviour. 

 The microbiota-gut-brain axis is an interesting network that is 

interconnected with behaviour (Hsiao et al., 2013; Rogers et al., 2016; Vuong 

et al., 2017), but the underlying mechanisms are still poorly defined 

(Needham et al., 2022). In the digestive system, dietary components are 

chemically transformed by the microbiota (Sharon et al., 2014), and 

metabolites derived from the gut are distributed to organs, including the 

brain (Swann et al., 2017). 

Behaviours can be both innate or learned from the environment and 

developed through experience, and usually, they are combinations of both 

(Barroeta & Kirchner, 2020). For example, the learning of a song by 

songbirds is genetically determined, and all songbirds sing, but the exact 

feature of their song depends on the songs they hear during their learning 

period. 

When genes create a framework, nongenetic factors shape the behaviour 

to its final outcome. Many environmental factors also have an influence on 

behaviour (Shelton & Martins, 2017). Environmental factors can be divided 

into social and physical factors and into prenatal, early life, or adult factors 

based on their time of occurrence (Shelton & Martins, 2017). Physical factors, 
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such as a stimulating environment, are important in terms of displaying 

normal behaviours (Gottlieb et al., 2013; Vandeleest et al., 2011). Prenatal 

factors can strongly influence the behaviour of an adult individual (Ryan & 

Vandenbergh, 2002). For example, a mother’s diet can affect the 

gastrointestinal microbiota and overall health of her offspring (Thum et al., 

2012), and maternal stress during gestation can increase the risk of 

depressive and anxiety symptoms in a child (Weinstock, 2008). Stress 

experienced early in life may have a lifelong effect on a person’s mental and 

physical health (Loman & Gunnar, 2010; Shonkoff et al., 2012), and may 

even decrease one’s lifespan (Kelly-Irving et al., 2013). One’s environment 

can also have an impact on behaviour in adulthood. For example life events 

and social environment have been observed to significantly affect human and 

animal behaviour (Gottlieb et al., 2013; Vandeleest et al., 2011).  

The same environmental conditions do not affect every individual in the 

same way. The difference in phenotypic plasticity between individuals, 

otherwise known as genotype-by-environment interactions (GxE), means 

that the impact of environment on behaviour is regulated by the individual’s 

genotype (Kelly et al., 2012). Genotype, for example, regulates the impact of 

stress experienced in early life on anxiety, depression, aggression, and 

ADHD-like behaviour (Caspi et al., 2003; Kim-Cohen et al., 2006; Newman 

et al., 2005; Syed & Nemeroff, 2017).  

Other factors, such as age, may also affect behaviour. Many behaviours 

vary with age and experience (Bateson & Gluckman, 2012). For example, 

young individuals are usually more active but less aggressive (Hsu & Sun, 

2010; Ley et al., 2009; Lit et al., 2010; Wright et al., 2011). Sensitive periods 

refer to periods of life when individuals are especially sensitive to 

experiences, and these experiences can shape the individual’s phenotype 

(Bateson, 1979; Freedman et al., 1961; Howell et al., 2015; Zeanah et al., 

2011). Finally, some types of behaviour are dependent on the context, and the 

behaviours of different individuals may vary radically depending on the 

situation (Shelton & Martins, 2017). 

Special attention should also be paid to the role of epigenetics. Epigenetic 

mechanisms are molecular events that control the way the environment 

affects the expressions of genes without alterations in the DNA sequence 

(Goldberg et al., 2007; Jaenisch & Bird, 2003). It is largely known that 

epigenetic processes may lead to individual differences in behaviour (Zhang 

& Meaney, 2010) as well as in mental health (Stuffrein-Roberts et al., 2008). 

Taken together, many genetic, environmental, and other factors have an 

effect on behaviour. Different factors may also interact with each other, 

creating a complex entity of factors underlying behavioural traits. 

2.1.2 BEHAVIOUR IN DOGS 

The domestic dog (Canis lupus familiaris) originates from prehistoric 

wolves, and the closest living relative of the dog is the grey wolf (Savolainen 
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et al., 2002) (Figure 1). When, where, and how dogs became domesticated 

still remains unknown (Ostrander et al., 2017). Speculations about the timing 

of when dogs split from wolves into separate lineages range between a few 

thousand years to over 40,000 years (Botigué et al., 2017; Pang et al., 2009; 

Thalmann et al., 2013; Wang et al., 2015). The possible locations of this split 

include Europe, Asia, or various other locations (Brown et al., 2011; Frantz et 

al., 2016; Pang et al., 2009; Shannon et al., 2015; Thalmann et al., 2013; 

Wang et al., 2015). One recent study hypothesised that dogs were 

domesticated in Siberia 23,000 years ago (Perri et al., 2021). The possibility 

that dogs may have been domesticated more than once, has also been 

suggested (Frantz et al., 2016). However, what is known is that dogs were the 

first domesticated animals (Freedman & Wayne, 2017) and evolved through a 

mutually beneficial relationship with humans. The change in human-wolf 

interactions potentially encouraged this domestication. Early humans likely 

shared their resources, such as living spaces and food sources, with the wild 

ancestors of dogs.  

 

Figure 1 Domestication of the dog. Dogs originate from prehistoric wolves, with the grey wolf 
being their nearest living relative. The timing and causes of the domestication of 
dogs are still unknown. The time of phylogenetic split from wolves varies between a 
few thousand years to over 40,000 years, and the change in the relationship 
between wolves and humans possibly reinforced this domestication. Most of the > 
400 dog breeds are less than 200 years old. 

Most of the more than 400 modern dog breeds are less than 200 years old 

(Lindblad-Toh et al., 2005) (Figure 1). Originally, before the 1800s, dogs 

https://en.wikipedia.org/wiki/Siberia
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were primarily selected for their functional abilities such as hunting, herding, 

and guarding. This has resulted in a number of breeds with behaviours that 

are both similar to human behaviours and beneficial to humans. Later, 

people began to select dogs for their aesthetic traits; however, ancient 

behavioural tendencies are still seen in modern breeds. As a consequence of 

the close coexistence with humans, nowadays, dogs have advanced social 

cognition skills. They are talented at reading human body language and can 

also ask for help from humans (Miklósi et al., 2003). A reciprocal 

relationship is and has been beneficial to both dogs and humans. Similar 

communicative skills are missing in wolves, indicating that this behaviour is 

not inherited from wolves but is an outcome of a close coexistence and a 

special relationship with humans (Miklósi et al., 2003). 

Many factors that are described to have an effect on human behaviour in 

the previous chapter also influence dog behaviour. Genes have a major 

impact on species-specific behaviour. In addition, behaviours driven by 

genetics are more often seen in specific breeds. A recent massive study of pet 

dogs suggested that breed is generally a poor indicator of individual 

behaviour (Morrill et al., 2022). However, breed undoubtedly plays a role in 

terms of predisposing a dog to certain types of behaviours. For example, 

predatory behaviour in dogs has been under strong selection, and the type 

and intensity of the predatory behaviour vary considerably between breeds. 

Studies on genomic regions linked to canine behaviour have found a 

relatively small amount of related variants and genomic regions compared to 

studies on genetic factors of human behaviour and psychiatric disorders. 

Many studies in dogs are candidate gene studies that have linked behavioural 

traits with single genes. For example, the dopamine receptor D4 gene 

(DRD4) has been linked with impulsivity in dogs (Hejjas et al., 2007a, 2009), 

and in German Shepherd Dogs, noise sensitivity has been mapped to a locus 

containing the oxytocin receptor gene OXTR and the glutamate receptor 

gene GRM7 (Sarviaho et al., 2019). In Great Danes, fear towards strangers 

has been mapped to a locus on chromosome 11 with potential neuronal 

candidate genes, such as MAPK9/JNK2 (Sarviaho et al., 2020). While this 

type of study offers interesting information, it only concerns one gene, which 

is usually not enough to completely explain the variation in behaviour. 

Although human genomes are more complex than dog genomes, it is clear 

that, several thousands of genomic regions also influence behaviour in dogs. 

In addition to traits and characteristics influenced by species and breeds, 

each dog has its own unique personality, and within-breed behavioural 

variation may be high (Mehrkam & Wynne, 2014; Salonen et al., 2021; 

Svartberg, 2006). Both early life experiences and later environment are 

important for dogs. Poor maternal care has been shown to increase the risk 

of anxiety-like behaviours, and interactions with conspecifics after 

maturation decrease aggressive and fearful behaviour in dogs (Tiira & Lohi, 

2015). 
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Animals learn through consequences, and they are more likely to repeat 

behaviours that are followed by favourable outcomes, whereas a negative 

outcome results in avoiding the repetition of such behaviours. The more 

consistent a behaviour, the more imprinted it becomes in the dog’s brain, 

resulting in more automatic behaviour. Dogs, like many other animals, have 

specific sensitive periods related to age. Inadequate socialisation has 

previosly been linked with social fearfulness in dogs (Puurunen et al., 2020). 

Therefore, puppy socialisation practices play an important role in the 

positive behavioural development of a dog. The sensitive period of 

socialisation in dogs occurs from approximately three to 12 weeks of age 

(Howell et al., 2015; Miklosi, 2008).  

A dog’s internal and external environment, refers to its mental and 

physical state and the environmental factors affecting its behaviour. For 

example, anxiety and physical pain may impact a dog’s mental and physical 

wellbeing. Mentally, a dog can be affected by both pleasure and stress. Stress 

can result from a sudden traumatic experience or from cumulative negative 

experiences. In the external environment, for example, noise and movement 

are two common distractions that can be easily overwhelming for dogs, 

resulting in hyperactivity and anxiety. For example, dogs living in a more 

urban environment have been observed to show more fear-related 

behaviours (Hakanen et al., 2020; Puurunen et al., 2020). 

External environment also includes several other factors, such as the 

presence of other individuals, both human and animal. Dogs build positive 

and negative associations related to locations, humans, animals, and objects. 

They can mould their behaviour according to situation, for example, by 

showing elusive behaviours to avoid conflict in the presence of certain 

individuals or showing playful, inviting signals when encountering rewarding 

situations, such as play with humans or other animals. Regular conspecific 

interactions have been indicated to be important in terms of avoiding 

unwanted behaviours in dogs (Hakanen et al., 2020; Mikkola et al., 2021). 

When studying dog behaviour, it is important to understand the dog’s 

species-specific behaviour, its origin, and the potential factors underlying the 

behaviour. 

2.2 UNWANTED BEHAVIOUR IN DOGS 

Dogs display several behaviours that owners may consider harmful or 

annoying or that are not socially acceptable by humans. Most of these 

behaviours are born out of normal, instinctive urges which have become 

excessive in duration, frequency, or intensity. A large number of genes 

contribute to the formation of an individual’s behaviour, but nongenetic 

factors, such as environment, shape the final result through, for example, 

epigenetics. Some dogs’ unwanted behaviours tend to be adaptive in 

response to stressful environmental factors, illness, or pain. Suppressing 
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instinctive behaviours can result in frustration and subsequently lead to 

problem-type behaviours. Other causes for unwanted behaviours may be the 

failure to meet normal behavioural needs, including sleep, exercise, eating 

(plenty of time chewing), play, resting, social contact, and grooming. 

Unwanted behaviours, especially aggression, may appear in response to a 

threat if a dog feels defensive. They may also be displayed in response to a 

threat to a valuable resource, such as food or a toy. Unwanted, problematic 

behaviours can also threaten a dog’s welfare, as they may predispose them to 

diseases and decrease their lifespan (Dreschel, 2010). These behaviours can 

negatively impact the dog-owner relationship (Serpell, 1996), and severe 

problematic behaviours, such as aggressiveness, destructiveness, 

hyperactivity, and fearfulness can even lead to relinquishment (New et al., 

2000; Patronek et al., 1996) or euthanasia (Fatjó et al., 2006; O’Neill et al., 

2013). Additionally, some behavioural problems like aggression may be 

severe public health concerns (Gilchrist et al., 2008). 

Unwanted behavioural disorders in dogs are common and include a 

variety of conditions, including fearfulness, noise sensitivity, separation 

anxiety (later also separation-related behaviour), specific phobias (for 

example fear of heights or surfaces), aggressive behaviour, repetitive 

behaviours, and hyperactivity/impulsivity (Dinwoodie et al., 2019) (Figure 

2). 

 

Figure 2 Unwanted canine behaviours. Unwanted, problematic behaviours including 
repetitive behaviour (such as tail chasing), hyperactivity/impulsivity, aggressive 
behaviour, specific phobias (such as a fear of surfaces), fearfulness, noise 
sensitivity, and separation anxiety, may impair the wellbeing of dogs and the dog-
owner relationship. 
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Fear is a negative emotional state triggered by potentially threatening 

stimuli and causing a defensive response (Dias et al., 2013). The most 

common expressions of fear consist of freezing/immobility, low body and tail 

posture, avoidance, escape, and aggression (King et al., 2003; Scott & Fuller, 

1997; Svartberg, 2007). Canine fearfulness can be divided into social and 

non-social fearfulness based on the object of fear. Social fear is directed 

towards unfamiliar people and unfamiliar conspecifics. Non-social fear 

includes fear of noises (for example, thunder or fireworks), fear of heights 

and surfaces, and fear towards different objects, such as novel situations 

(Svartberg, 2007). Separation anxiety is also a fear-related condition, often 

occurring in dogs when left alone. Separation-related behaviours include, for 

example, vocalisation, destructiveness, salivation, and inappropriate 

urination when the dog is alone (Sherman & Mills, 2008). 

Aggression is a behaviour intended to cause harm to another individual 

(Weinshenker & Siegel, 2002). In dogs, outward signs of aggression include 

growling, barking, baring teeth, snapping, and biting (Haverbeke et al., 

2009). Aggressive behaviour may be territorial, caused by frustration, 

maternal, predation, fear, or a form of competition between males 

(Weinshenker & Siegel, 2002). Aggressive canine behaviour can be classified 

by the target of aggression and can occur towards the owner, towards 

strangers, or towards other dogs. 

This thesis is focused on two unwanted canine behaviours, 

hyperactivity/impulsivity (ADHD-like behaviour) and repetitive behaviour, 

which are described in greater detail in the following chapters. 

2.2.1 ADHD-LIKE BEHAVIOUR 

 

Impulsivity, a major component of human ADHD (American Psychiatric 

Association, 2013), is a stable behavioural trait simply defined as the 

tendency to act without foresight (Dougherty et al., 2003; Riemer et al., 

2014). Many studies have reported two major forms of impulsivity: motor 

impulsivity, characterised by impaired motor inhibitory control, and 

cognitive impulsivity, characterised by the inability to tolerate delayed 

gratification (Dougherty et al., 2003). As a behavioural trait, impulsivity is a 

part of the normal personality continuum observed across species, including 

humans and dogs (Dougherty et al., 2003; Riemer et al., 2014). Impulsivity is 

not always maladaptive, as there are occasions when it is advantageous to 

respond rapidly to external stimuli. However, excessive levels of impulsivity 

are considered abnormal and are often associated with other detrimental 

behaviours, such as aggression, in several species, including humans (Cherek 

et al., 1997; Odum, 2011; Winstanley et al., 2006), rodents (Cervantes & 

Delville, 2009; Van den Bergh et al., 2006), and dogs (Amat et al., 2013; 

Brady et al., 2018; Peremans et al., 2003; Reisner et al., 1996; Wright et al., 

2012a). 
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Dogs naturally manifest abnormal levels of hyperactivity/impulsivity and 

inattention, similar to human ADHD. Young dogs usually show high levels of 

activity, impulsivity, and inattention. However, some working dog breeds, 

such as German Shepherd Dogs and Belgian Shepherds, also display high 

levels of activity and impulsivity into adulthood, as these traits have been 

favoured in breeding. Working dogs benefit from high activity levels and 

enhanced alertness and vigilance, as they are often required to work rapidly 

(Lindsay, 2001). Furthermore, impulsivity levels are shown to differ between 

the working and show lines within a breed (Fadel et al., 2016). Although high 

activity and impulsivity levels are sometimes desirable traits in working dogs, 

other dogs, such as assistance dogs, for example, should preferably be calm 

and not easily excited. When expressed in everyday life, excessive levels of 

activity and impulsivity often cause disturbing behaviour and training 

problems in dogs (Lindsay, 2001). Hyperactive and impulsive dogs typically 

show high activity levels, excessive impulsiveness, lack of self-control, and 

abnormally short attention spans, which make them easily distracted and 

frustrated, restless and unable to concentrate for a long period of time (Vas et 

al., 2007). Like human ADHD patients, hyperactive and impulsive dogs 

display reduced tolerance to delayed reinforcement, which is an indication of 

the close similarity between species (Wright et al., 2012a). 

Attention-deficit hyperactivity disorder (ADHD) is a neurodevelopmental 

disorder characterised by persistent and inappropriate levels of motor 

overactivity, impulsivity, and inattention (American Psychiatric Association, 

2013; Sayal et al., 2018). The disorder is childhood-onset, and its worldwide 

prevalence rate is 2–7% in humans (American Psychiatric Association, 2013; 

Faraone et al., 2005). Individuals with ADHD may display abnormalities in 

their attention and reward processing, inhibitory control and emotional 

regulation (Gallo & Posner, 2016; Shaw et al., 2014). Three different 

presentations of ADHD include predominantly hyperactive/impulsive, 

predominantly inattentive, or combined type (American Psychiatric 

Association, 2013). In approximately half of affected individuals, the disorder 

persists into adulthood (Gallo & Posner, 2016). Several comorbidities, such 

as learning impairments, autism spectrum disorder, and anxiety disorders, 

are common in ADHD (Gallo & Posner, 2016; Sayal et al., 2018). This makes 

the disorder detrimental if not diagnosed and treated appropriately. ADHD 

can cause long-term consequences, such as problems with social 

relationships, impaired academic functioning, substance abuse, and 

underemployment (Gallo & Posner, 2016). 

ADHD is a complex disorder with high phenotypic heterogeneity (Thapar 

et al., 2013). Several neurobiological abnormalities, genetic risk variants and 

nongenetic risk factors have been associated with abnormal levels of 

activity/impulsivity. Still, molecular mechanisms underlying ADHD are 

poorly understood, hindering the recognition and management of ADHD in 

humans (Majdak et al., 2016; Sayal et al., 2018).  The neurobiology of ADHD 

involves multiple pathways. Alterations in neural circuits, including 



Review of the literature 

22 

frontoparietal, dorsal frontostriatal, and mesocorticolimbic circuits, which 

control reward, emotional, and attention processes, as well as inhibitory 

control, have been associated with ADHD (Biederman, 2005; Gallo & Posner, 

2016). In addition, structural abnormalities in the basal ganglia, which is a 

key brain structure for motor control and reward processing, altered cortical 

thickness in frontal and parietotemporal brain areas and decreased white 

matter organisation in the above-mentioned neural circuits have been linked 

with ADHD (Ellison-Wright et al., 2008; Nakao et al., 2011). Alterations in 

the serotonergic, dopaminergic, and noradrenergic pathways have been 

implicated in ADHD pathology (Banerjee & Nandagopal, 2015; Faraone et 

al., 2005; Leo et al., 2003; Shim et al., 2016; Volkow et al., 2011). ADHD runs 

in families, and genetic studies have shown heritability estimates around 0.6-

0.9 in humans (Faraone et al., 2005; Gallo & Posner, 2016). However, only a 

few genetic risk variants have been successfully linked with ADHD. In dogs, 

dopamine D4 receptor (DRD4) (Hejjas et al., 2007a, 2009; Hejjas et al., 

2007b; Wan et al., 2013), tyrosine hydroxylase (TH) (Kubinyi et al., 2012; 

Wan et al., 2013), dopamine transporter (DAT) (Hejjas et al., 2007b) and 

dopamine-β-hydroxylase (DBH) (Hejjas et al., 2007b) have been associated 

with hyperactive/impulsive behaviour. In addition, hyperactive and 

impulsive dogs have been reported to have altered dopamine and serotonin 

metabolite levels (Wright et al., 2012a), strengthening the role of 

dopaminergic and serotonergic systems in the pathology of 

hyperactivity/impulsivity. The findings of ADHD risk variants in the same 

genes in humans enhance the possibility of similar molecular underpinnings 

in human ADHD and canine ADHD-like behaviour (Faraone et al., 2001; 

Gallo & Posner, 2016; Thapar et al., 2013). 

Despite genes playing a crucial role in the development of ADHD, it seems 

that a large number of genes have minor effects, and interactions between 

genes and environmental risk factors are also significant. Researchers have 

identified a number of pre- and post-natal risk factors for ADHD in humans, 

including birth complications, especially prematurity, low birthweight, 

asphyxia, maternal stress, exposure to environmental toxins, psychological 

factors, such as extremely early social deprivation, early life stress, and 

dietary factors (Sciberras et al., 2017; Thapar et al., 2013; Thapar & Cooper, 

2016).  Specific gut microbiome alterations have also been suggested to 

influence ADHD development via the gut-brain axis (Cenit et al., 2017). 

However, previous research has not specifically focused on studying 

environmental factors associated with ADHD-like behaviour in dogs. 

2.2.2 REPETITIVE BEHAVIOUR 

 

Repetitive behaviour consists of invariant, repetitive behavioural patterns 

that seem to evolve from normal behavioural patterns. Both wild and 

domesticated captive animals display abnormal repetitive behaviours, but 
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these behaviours are not seen in nature (Mason, 1991). Feather picking in 

parrots (Cussen & Mench, 2015), pacing in zoo-housed polar bears (Clubb & 

Mason, 2003; Shepherdson et al., 2013), tigers (Miller et al., 2008) and lions 

(Clubb & Mason, 2003), and crib-biting in horses (Bachmann et al., 2003; 

Hemmann et al., 2014) are typical examples of repetitive behaviour patterns 

in animals. Problems related to repetitive behaviours are also common in 

pets (Ahola et al., 2017; Overall & Dunham, 2002).  

Dogs spontaneously exhibit several forms of repetitive behaviour. 

Abnormal repetitive behaviours in dogs can be categorised as locomotory 

(circling, tail chasing, pacing, chasing light reflections, freezing), oral (leg or 

foot chewing, self-licking, flank sucking, chewing or licking objects, snapping 

in the air (fly snapping)), aggression (self-directed aggression, growling, or 

biting the rear end, rear legs, or tail), vocalisation (compulsive rhythmic 

barking or whining), and hallucinatory behaviours (staring at shadows and 

chasing light reflections) (Luescher, 1993). 

In dogs, the typical age of onset for repetitive behaviour is before the age 

of one-year-old (Overall & Dunham, 2002; Tiira & Lohi, 2014). The duration 

and severity of repetitive behaviour vary, and possible triggers may be 

frustration, boredom, or stress (Mason & Rushen, 2006; Moon-Fanelli et al., 

2011; Tiira & Lohi, 2014). When repetitive behaviours are performed more 

and more often, it is common that they become generalised to many contexts 

(Hewson et al., 1998). At the same time, they become more challenging to 

disrupt, which makes the repetitive behaviour even more persistent (Tynes & 

Sinn, 2014). Finally, severe repetitive behaviour may considerably weaken 

the welfare of the dog (Tiira & Lohi, 2014) and the relationship with its 

owner (Moon-Fanelli et al., 2011). 

Both environmental and genetic factors influence the development of 

repetitive behaviours in dogs. Numerous factors, such as early weaning age 

(Ahola et al., 2017), lack of socialisation, and presence of conspecifics (Tiira 

et al., 2012) have been associated with repetitive behaviours. Additionally, 

pain and health problems can also lead to such behaviours (Cussen & Mench, 

2015; Tiira et al., 2012; Vandeleest et al., 2011). Furthermore, repetitive 

behaviours are known to be comorbid with other behavioural problems in 

dogs and other animals (Ahola et al., 2017; Moon-Fanelli et al., 2011; Overall 

& Dunham, 2002; Tiira et al., 2012; Vandeleest et al., 2011). Recent gene 

discoveries and the observed breed-specificity of repetitive behaviours have 

suggested heritable contributions with candidate genes, such as CDH2, 

CTNNA2, ATXN1, and PGCP (Dodman et al., 2010; Jeppesen et al., 2004; 

Noh et al., 2017; Tang et al., 2014; Tiira et al., 2012). A recent study 

identified several candidate genes for canine repetitive behaviour 

overlapping with genes identified in a genome-wide association study of 

human OCD (Cao et al., 2021).  

Obsessive-compulsive disorder (OCD) in humans is a severe psychiatric 

disorder characterised by features called obsessions and compulsions 

(Koran, 2000; Murray & Lopez, 1996). It can cause the afflicted individual to 



Review of the literature 

24 

experience symptoms, such as persistent intrusive thoughts and time-

consuming repetitive behaviours, such as repetitive hand washing, checking 

things repeatedly, or continually counting items (Pittenger et al., 2011). The 

genetic contribution to OCD has long been recognised (H. Bloch & Pittenger, 

2010; Inoye, 1965). However, heritability estimates of OCD vary between 

0.25-0.45, and the research on specific genetic contributors has failed in 

replication (Davis et al., 2013; H. Bloch & Pittenger, 2010; Pettersson et al., 

2019; Polderman et al., 2015; The Brainstorm Consortium, 2018). More than 

80 candidate gene studies of OCD have reported variants, especially among 

genes in the serotonin, dopamine and glutamate pathways (Pittenger et al., 

2011; P. L. Wu et al., 2011). Based on both neuroimaging and genetic studies, 

OCD has been associated with cortico–striato–thalamo–cortical (CSTC) 

system loops (Calzà et al., 2019) mediated by serotonergic, glutaminergic, 

and dopaminergic pathways (Brem et al., 2014). Additionally, several 

environmental factors have been shown to contribute to the development of 

OCD, including neonatal complications, childhood trauma, and the 

occurrence of stressful events (Cath et al., 2008). 

Canine compulsive disorder, characterised by abnormal repetitive 

behaviours, mimics symptoms of OCD in humans and has been suggested as 

a model for human OCD (Overall, 2000; Stein et al., 1994), as several 

similarities between human and canine compulsions have been indicated 

(Brem et al., 2014; Overall & Dunham, 2002; Snyder et al., 2015; Tiira et al., 

2012; Yalcin et al., 2009). Like human OCD patients, approximately 50% of 

dogs with severe repetitive behaviours respond to treatment with selective 

serotonin reuptake inhibitors or clomipramine (Irimajiri et al., 2009; Moon-

Fanelli & Dodman, 1998; Overall & Dunham, 2002). 

Terminology concerning inappropriate, invariant, repetitive behaviour is 

not well established, and several terms, such as abnormal repetitive 

behaviour, stereotypic behaviour, compulsion, and compulsive behaviour, 

have been used in related literature. To standardise the terminology, the 

differences between different terms have been clarified. Stereotypies are 

repetitions of certain, invariable motor patterns with no apparent goal or 

function, whereas compulsions are repetitions of a certain inappropriate goal 

(Luescher, 2003; Mason et al., 2007). Despite the differences, distinguishing 

between the two is often difficult (Tynes & Sinn, 2014). In this thesis, I chose 

to use the term repetitive behaviour, as it includes all repeated behaviours. 

As repetitive behaviours can take on many different forms, it is not always 

possible to determine if a behaviour is abnormally repeated or whether the 

behaviour has a function or a goal. 

2.3 MEASURING BEHAVIOUR 

Due to their high phenotypic heterogeneity, there is no consistent, reliable, 

and objective way to identify and diagnose canine behavioural disorders (van 
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Rooy et al., 2014). As a consequence, unwanted behaviours may become 

chronic and generalised as they are typically not identified and treated early 

enough. This also makes the research of these behaviours difficult since the 

lack of consistent phenotyping tools hinders researchers’ ability to divide 

dogs into cases and controls. Furthermore, medication for these behaviours 

may be ineffective or may cause side effects (Overall, 2000). Finally, 

comorbidities with many unwanted behaviours, such as noise sensitivity, 

separation anxiety, and aggressive behaviour, are common and observable 

(Tiira et al., 2016), which further complicates their identification and 

management. 

When measuring animal behaviour, the main objective is to reliably 

capture how animals behave. Two strategies are usually used to collect 

information about the behaviour of an individual animal: behavioural coding 

and subjective ratings (Freeman et al., 2011; Kubinyi et al., 2015). In 

behavioural coding, animals are observed, and their behaviour is recorded 

according to a particular measurement, typically in terms of frequency 

and/or duration (Freeman et al., 2011). For example, the number of times an 

animal performs an action, such as charging at another animal, or the 

duration of time spent eating, can be counted. Coding is regarded as an 

objective method for collecting data. Rating takes into account different 

contexts aiming to capture what an animal does and separating specific 

behaviours. Typically, questionnaire ratings are based on long-term 

experiences, and raters have to be familiar with their subjects. In typical 

rating scales, high numbers indicate that a trait is strongly characteristic of 

the target animal, and low numbers indicate that the trait is strongly 

uncharacteristic of the animal (Freeman et al., 2011). 

Coding and rating can be divided by the methodologies in which they are 

used: naturalistic observations, test batteries, and cumulative observation, 

including questionnaires (Freeman et al., 2011). Naturalistic observation 

includes coding or rating the behaviour of the animals over a specific period 

of time based on their daily behaviour. Test batteries include a set of 

behavioural tests wherein the behaviour of an object in response to a 

particular stimulus is rated or coded (Freeman et al., 2011). Cumulative 

observation uses a rating method and consists of studies in which ratings are 

based on the cumulative experiences of owners or caretakers who know the 

animal well (Freeman et al., 2011).  

Behavioural phenotyping is not easy, due to many underlying factors. In 

companion animals such as dogs, a variety of phenotyping techniques have 

been used, but the most common are standardised behavioural tests and 

questionnaire surveys (Serpell & Duffy, 2014). Both approaches have their 

benefits and disadvantages. Standardised behavioural tests provide the most 

objective way to evaluate behaviour, as they are based on direct observations 

(Serpell & Duffy, 2014). However, they require significant time to complete, 

and the animal’s motivation and emotional state at the time of testing have a 

strong influence on the results (Serpell & Hsu, 2001). Some behaviours may 
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also be difficult to test under standardised test conditions. Questionnaire 

surveys are potentially more subjective than direct observations of 

behaviour, but when large sample sizes are used, the subjective bias can be 

considerably reduced (Jones & Gosling, 2005). Many different canine 

behavioural questionnaires have shown good validity and reliability (Duffy & 

Serpell, 2012; Gosling et al., 2003; Mirkó et al., 2013; Salonen et al., 2021; 

Tiira & Lohi, 2014; Wilsson & Sinn, 2012). 

2.3.1 STUDY APPROACHES 

Different biological questions can be studied in many ways, but most efficient 

strategies combine several methodologies. When studying complex diseases, 

one study approach alone is not sufficient. The most comprehensive study 

approaches allow for the collection of information on multiple biological 

levels. Epidemiological studies are a powerful tool when identifying the 

environmental risk factors of behavioural disorders (Henderson, 2012). 

Genetic studies can offer information about genetic risk factors (Gratten et 

al., 2014), while epigenetic studies consider the ways in which interactions 

between genes and the environment affect behavioural and psychiatric 

disorders (Mahgoub & Monteggia, 2013). Transcriptomics and proteomics 

may help discover the molecular information behind diseases (Ludvigsen & 

Honoré, 2018; Turck & Filiou, 2015). Metabolomic studies also have a great 

potential in psychiatric and behavioural research, as an individual’s 

metabolic state reflects the effects of genes, modified by their diet, 

environmental factors, and gut microbiome (Beger et al., 2016; Turck & 

Filiou, 2015). Metabolomics is the overall study of metabolites in a biological 

system but it has been rarely utilized in canine behavioural research (Beger et 

al., 2016). However, very large study samples are typically needed in order to 

obtain significant and reliable results concerning behavioural and psychiatric 

disorders and to combine different study approaches, (Leppert et al., 2020; 

Ward et al., 2017). 

2.4 DOG AS A NATURAL ANIMAL MODEL FOR HUMAN 
DISEASES AND BEHAVIOUR 

Selective breeding and periodic population bottlenecks have been the cause 

of limited genetic diversity in dogs, resulting in a high prevalence of specific 

diseases in modern breeds (Ostrander et al., 2000; Patterson, 2000). Due to 

this, inherited diseases have become prevalent in dogs. Many of these 

diseases are also common in humans, and several human disorders are 

analogous or even homologous with the conditions seen in dogs (Hytönen & 

Lohi, 2016). Genetic studies have shown that many of these similarities are 

the result of disease-causing mutations in the same genes (Ahonen et al., 

2013; Hytönen & Lohi, 2016; Katz et al., 2005). Many disorders and gene 
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variants are found only in specific breeds, but many are also shared between 

closely related breeds (Donner et al., 2016; Hytönen & Lohi, 2016). Several 

disease-causing variants are associated with morphological features that 

differ highly between breeds (Ostrander et al., 2017). The relatively high 

genetic similarity between dogs and humans as well as the unique structure 

of breeds make them great candidates for genetic research (Karlsson et al., 

2007; Ostrander & Kruglyak, 2000; van Steenbeek et al., 2016). Compared to 

human studies, the genetic structure of dogs enables the identification of 

even those genes that are behind complex genetic diseases, and much smaller 

sample sizes are needed (Hall & Wynne, 2012; Karlsson et al., 2007; 

Lindblad-Toh et al., 2005; Reich et al., 2001). 

Dogs also have other notable features that benefit their use in human 

studies. During domestication, dogs met similar environmental factors as 

humans and experienced convergent social evolution (Topál et al., 2009). In 

addition, compared to traditional rodent models, dogs are more comparable 

to humans in many complex social cognition tasks (Kaminski et al., 2004). 

Moreover, they are more similar in body size and physiology, and they even 

share the same living environment and lifestyle. Dogs eat the same food, are 

exposed to the same pathogens, and, in many households, they even sleep in 

the same beds as their owners.  

There are large differences in natural behaviour between rodent models 

and humans due to the inherently cautious behaviour of rodents (Ennaceur & 

Chazot, 2016; Overall, 2000). Unlike rodent models that often show only 

very simple behaviours compared to humans, dogs spontaneously display 

many complex behaviours similar to humans, which makes them good 

natural models (Overall, 2000). Rodent models are often knockout models 

created by inactivating or disrupting particular genes. However, possibly 

hundreds or thousands of genes and several environmental factors and their 

interactions may affect the development of behavioural and psychiatric 

disorders, which makes rodent models very simplified (Nestler & Hyman, 

2010). Although the knockout mouse models can display some 

characteristics of psychiatric disorders, the phenotypes do not correspond to 

human phenotypes (Nestler & Hyman, 2010).  

The aforementioned charasteristics of dogs make it possible to utilise the 

species in the study of complex behaviours and diseases, such as psychiatric 

disorders, which are known to be associated with several environmental 

factors. Therefore, dogs may be noteworthy animal models for many human 

diseases and behaviours, as has been recently demonstrated by identifying 

candidate genes for various normal and unwanted behaviours in relatively 

small sample cohorts (Dodman et al., 2010; Morrill et al., 2022; Sarviaho et 

al., 2019, 2020; Tang et al., 2014). 
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2.4.1 CANINE MODELS OF HUMAN PSYCHIATRIC DISORDERS 

When a behavioural pattern causes significant distress or impairment of 

personal functioning, it may be considered a psychiatric disorder. According 

to the World Health Organization, psychiatric disorders are “syndromes 

characterised by clinically significant disturbance in an individual's 

cognition, emotional regulation, or behaviour that reflects a dysfunction in 

the psychological, biological, or developmental processes that underlie 

mental and behavioural functioning” (World Health Organisation, 2018). 

It is known that susceptibility to psychiatric disorders is highly heritable 

but genetically complex. Several genes with only small effects have an 

influence on the development of psychiatric disorders (Gratten et al., 2014). 

In addition to genetic factors, non-genetic factors, such as environmental 

exposures, may have a strong impact, which makes the disorder aetiology 

even more difficult (Gershon et al., 2013; Toth, 2015). Despite massive efforts 

to study the factors behind psychiatric disorders, the causal mechanisms 

underlying psychiatric illnesses are still poorly known (Anttila et al., 2018; 

Gratten et al., 2014). Efficient attempts to better understand these disorders 

demand the utilisation of animal models that spontaneously exhibit 

conditions analogous or homologous to human disorders. Classical animal 

models, like rodents, do not naturally display behavioural abnormalities 

similar to those of humans (Nestler & Hyman, 2010). The selective breeding 

of dogs has yielded a large number of characteristics related to appearance, 

purposes of use, temperament, and behaviour. Due to extensive artificial 

selection, there is an extreme diversity that exists among dogs, and specific 

behavioural traits have been enriched in certain breeds (Moon-Fanelli et al., 

2011; Ogata et al., 2013), suggesting underlying genetic components of 

canine behavioural disorders. 

As dogs spontaneously exhibit many behaviours with symptoms 

corresponding to human disorders, they have been suggested as potential 

models for human psychiatric disorders (Overall, 2000). Dogs spontaneously 

display abnormalities in behaviours and show many anxiety-like behaviours 

similar to that of humans, such as impulsivity and inattention, abnormal 

repetitive behaviour, noise sensitivity, separation anxiety, and dominance 

aggression (Overall, 2000). For example, dogs showing impulsive behaviour 

have difficulty concentrating on a task for a long period of time, as is the case 

with human ADHD patients. Similarly, the repetitive behaviours of canine 

compulsive disorder and human OCD disturb the functions of normal life for 

both species (Overall, 2000; Vas et al., 2007; Wright et al., 2012a). In 

addition, canine and human separation anxieties have similar behavioural 

symptoms, such as signs of distress and physical symptoms, including 

headaches and nausea in children and urinating, panting and salivating in 

dogs (Overall, 2000). Noise phobia in dogs and panic disorder in humans 

resemble each other (Overall, 2000). Moreover, dogs and humans share 

behavioural signs of dominance aggression and aggressive impulsivity 

disorders, including sudden, excessive bursts of aggression and decreased 
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serotonin metabolite levels (Kessler, Coccaro, et al., 2006; Overall, 2000). 

Dogs also respond to the same treatments as humans with psychiatric 

disorders (Overall, 2001), suggesting shared biological mechanisms between 

species. 

ADHD and OCD are two of the most common neuropsychiatric disorders 

in humans (Brem et al., 2014). In recent years, canine compulsive disorders 

with phenotypic and neurobiological similarities with human OCD, have 

shown to be promising candidates for psychiatric research with novel 

candidate genes (Brem et al., 2014; Dodman et al., 2010; Overall, 2000; Tang 

et al., 2014). Canine ADHD-like behaviour is a good candidate as well, but 

more comprehensive studies that take different biological factors into 

account are needed. Finally, the utilisation of dogs could provide new 

insights into the study of ADHD, OCD, and other psychiatric disorders. 
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3 AIMS OF THE STUDY 

Canine behavioural disorders are complex disorders induced by a 

combination of genetic and environmental factors. An examination of both 

factors is needed to expand our understanding of these behaviours and their 

consequences. The primary aim of this thesis is to understand the 

prevalence, comorbidity, and breed-specificity of unwanted canine 

behaviours and discover the factors that influence them, with a specific focus 

on hyperactivity/impulsivity and inattention (ADHD-like) and repetitive 

behaviours. In this thesis, it was hypothesised that spontaneous canine 

ADHD-like and repetitive behaviours are relatively common among certain 

breeds, that these behaviours resemble the behaviours exhibited by humans 

with ADHD and obsessive-compulsive disorder and are affected by many 

environmental factors, and that ADHD-like behaviour is associated with 

particular serum metabolic profiles. To test these hypotheses, the following 

specific aims were established: 

 

 

1. To collect a large sample of behavioural questionnaire data to study 

the prevalence, comorbidity, and breed differences of unwanted 

behaviours in dogs (Study I) 

2. To perform statistical analyses such as generalised linear model 

analyses to study the demographic, environmental, and behavioural 

factors associated with hyperactivity/impulsivity and inattention in 

dogs (Study II) 

3. To perform logistic regression to study the demographic, 

environmental, and behavioural factors associated with canine 

repetitive behaviour (Study III) 

4. To perform a liquid chromatography combined with mass 

spectrometry (LC-MS)-based non-targeted metabolite profiling of 

metabolic factors associated with ADHD-like behaviour in dogs 

(Study IV) 
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4 MATERIAL AND METHODS 

The summary of methods used for data collection and data analysis and 

different variables used in Studies I-IV is provided in Table 1. 

Table 1. Data collection methods, data analysis methods, and variables used in Studies 
I-IV. 
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Sample collection     

Questionnaire x x x x 
Blood    x 

Analysis     

Chi-squared test x    
Generalised linear models  x   
Logistic regression   x  
LC–MS    x 
Spearman correlation analysis    x 

Variables     

Behavioural variables     
Hyperactivity/impulsivity x x x x 
Inattention x x x x 
Repetitive behaviour x x x  
Aggressiveness x x x  
Fearfulness x x x  
Fear of surfaces and heights x    
Noise sensitivity x    
Separation related behaviour x    

Environmental variables     
Weaning age  x x  
Activities/training  x   
Daily exercise  x x  
Owner’s dog experience  x x  
Daily time spent alone  x x  
Urban environment score  x x  
Number of dogs in the family   x  
Family size   x  
Socialisation score   x  
Fasting status    x 

Demographic variables     
Age x x x x 
Sex x x x x 
Sterilisation  x x  
Breed x x x  
Body size  x x  
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4.1 ETHICAL STATEMENT 

The questionnaire data were collected according to the Finnish legislation at 

the time of collection: 

https://www.finlex.fi/fi/laki/ajantasa/1999/19990523. Informed consent 

was obtained from all dog owners participating in the study. The owners 

were informed that participation in the study is entirely voluntary and 

confidential, and individual dogs can not be recognised from the published 

results. Only the names and addresses of dog owners were collected in order 

to contac them in subsequent studies. The participants were informed that 

the data would be used only for scientific purposes. In Study IV, the 

experiments were carried out under valid ethical licenses from the “Animal 

Ethics Committee at the State Provincial Office of Southern Finland” 

(ESAVI/6054/04.10.03/2012) and the Royal Canin ethical board 

(30052016). 

4.2 BEHAVIOURAL QUESTIONNAIRES 

Online owner-completed behavioural questionnaires were used to collect 

behavioural and background information regarding Finnish pet dogs. 

Questionnaires can be helpful in the field of behavioural science, as their 

reliability and validity have been indicated to be good (Tiira & Lohi, 2014). 

The behavioural questionnaires were advertised for all breeds on Facebook, 

on the research group’s web pages, and via breed clubs.  

Studies I-III examined different behavioural traits, their comorbidities, 

and the factors affecting those traits. Our research group’s earlier separate 

questionnaires for different traits were combined, resulting in a single, more 

comprehensive questionnaire (a link to the questionnaire: https://static-

content.springer.com/esm/art%3A10.1038%2Fs41598-020-59837-

z/MediaObjects/41598_2020_59837_MOESM1_ESM.pdf). This necessary 

change permitted greater access to more comprehensive behavioural data 

from each dog, as it allowed us to study different combinations of traits and 

make comparisons between them. This massive questionnaire included 

questions about seven different canine behavioural traits: fear, 

aggressiveness, noise sensitivity, fear of surfaces and heights, 

hyperactivity/impulsivity and inattention, separation-related behaviour, and 

repetitive behaviour. These traits consisted of several subtraits. Like previous 

questionnaire versions, this version also included a large background section 

covering demographic and environmental questions related to the dog’s life 

history. Questions concerned, for example, the dog’s sex and age, 

sterilisation, breed, amount of exercise and training, and owner’s dog 

experience. Questionnaire replies were collected between 2015-2018. The 

questionnaire and more details about behavioural trait categorisation can be 

https://www.finlex.fi/fi/laki/ajantasa/1999/19990523


Material and methods 

33 

found as supplementary material in Study I. The Finnish translation of the 

questionnaire was recently validated (Salonen et al., 2021). 

A questionnaire used in Study IV was previously developed to investigate 

ADHD-like behaviour in dogs. Both dogs with hyperactivity/impulsivity and 

inattentive behaviours and dogs with no signs of hyperactivity/impulsivity or 

inattention were invited to participate in the survey. The behavioural 

questionnaire included a large background section containing demographic 

and environmental questions related to each dog’s life history and 13 more 

specific questions concerning hyperactive, impulsive and inattentive 

behaviour. The questionnaire was modified three times during data 

collection. This resulted in four slightly different versions of the 

questionnaire; however, questions concerning ADHD-like behaviours were 

exactly the same in all versions. The main differences between different 

versions came from improvements made in background questions in order to 

better collect information on the early life experiences and conditions of the 

dogs. 

In Study I, based on the questionnaire scores, dogs were categorised into 

low, moderate, and high groups for each subtrait depending on the frequency 

of the behaviour. The subtraits were, in turn, combined to form trait groups. 

Low trait groups consisted of dogs that fell into low groups in all subtraits, 

and high trait groups consisted of dogs that had a high score in at least one 

subtrait. The categorisation for different subtraits is explained below. 

4.2.1 BEHAVIOURAL TRAITS MEASURED 

Our behavioural questionnaire contained seven behavioural traits related to 

unwanted behaviours in dogs.  Most of these seven traits had several 

subtraits, and altogether 20 different traits were measured. In many 

questionnaire sections, Likert-type scales were used to enable categorisation 

based on the frequency of the behaviour. 

Hyperactivity/impulsivity and inattention: The validated dog ADHD 

survey (Vas et al., 2007) was utilised to measure individual differences in 

hyperactivity/impulsivity and inattention. The survey was based on a 

validated human ADHD questionnaire (the ADHD RS Parent version 

(DuPaul et al., 1998)). This section included 13 statements, and the dog 

owners were asked to answer how often a statement is true for their dog on a 

scale of 1 (never) to 4 (very often). A principal component analysis divided 

the questions into two components: inattention and 

hyperactivity/impulsivity, and component scores were calculated for each 

dog. Higher component scores indicated a higher level of 

hyperactivity/impulsivity or inattention. One question (Item 11) was 

removed from the analysis, as it loaded equally on both components. In 

Study IV, the total ADHD score was calculated as a mean of the answers to 

all questions concerning hyperactive, impulsive, and inattentive behaviour, 

reflecting the total ADHD-like status. To calculate average scores for 
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inattention and hyperactivity/impulsivity factors, the points of each 

individual question were summed up, and the result was divided by the 

number of questions in the factor (7 for inattention and 5 for 

hyperactivity/impulsivity). In Studies II, III, and IV, 

hyperactivity/impulsivity and inattention were used as continuous 

behavioural variables, but in Study I, they were used as categorical variables 

dividing dogs into three categories. The cut-off between low and moderate 

categories was set at the first dog that had a rating of 3 (often) in the item 

with the highest loading (Item 2 in inattention, Item 5 in 

hyperactivity/impulsivity). The cut-off between the moderate and high 

categories was set at the first dog that had a rating of 4 (very often) in the 

highest loading item and the same rating in one additional item.  

Repetitive behaviour: To assess repetitive behaviour in dogs, dog owners 

were asked to estimate the occurrence of several subtraits of repetitive 

behaviour. Tail chasing, reflection/shadow snatching, surface licking, pacing, 

and staring were scored on a Likert-type scale from 0 (I have never noticed 

this behaviour) to 6 (several times per day). The dogs showing these 

behaviours at least weekly were categorised into the high group, and dogs 

showing these behaviours never or a few times during their lifetime were 

categorised into the low group. Owners were also asked to estimate the time 

their dog spent drinking or near the water bowl from less than 5 minutes to 

1 hour or more. Dogs that spent more than 15 minutes near the water bowl 

formed the high group, and dogs that spent less than 5 minutes near it 

formed the low group for excessive drinking. In addition, the incidence of 

self-biting was rated from 0 (never) to 3 (several hours per day). Dogs 

scoring 2 (almost every day) or 3 formed the high group, whereas dogs 

scoring 0 formed the low group. When studying prevalences in Study I, 

subtraits were examined both separately and together. In Studies II and 

III, data from all the subtraits were considered together. A dog was classified 

into the low group in repetitive behaviour if it was categorised into the low 

group in all subtraits of repetitive behaviour and into the high group if it was 

categorised into the high group in at least one subtrait. The dogs not meeting 

these criteria were categorised into the moderate group. In Study III, dogs 

categorised into the moderate group were excluded, as logistic regression was 

used in the analysis. 

Aggression: The aggression trait consists of two subtraits: aggression 

towards strangers and towards family members. The owners were asked to 

rate the likelihood of their dog growling and trying to snap/bite from 1 

(never) to 5 (always or almost always) when a stranger tries to pet the dog in 

its home or outside and when the owner handles the dog or tries to take food 

or a toy from them. Dogs that try to snap or bite at least sometimes (3) or 

growl at least often (4) formed the high group in each subtrait. The dogs that 

never show aggressive behaviour in any of these situations formed the low 

group. In Studies II and III, the moderate group included dogs that showed 

aggressiveness no more than occasionally. 
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Fearfulness: The fear section consisted of three fear subtraits: fear 

towards strangers, towards other dogs, and in novel situations. Dogs showing 

fear at least often (40–60% of the time) formed the high group, and dogs that 

never showed fear formed the low group in all subtraits. Additionally, dogs 

belonging to the low group never barked or growled at strangers or other 

dogs. The moderate group in Study II included dogs that showed fear no 

more than occasionally. The fear section of the behavioural questionnaire 

was previously validated with behaviour tests (Tiira & Lohi, 2014). 

Fear of surfaces and heights: Owners were asked to rate whether their 

dog had difficulties walking on different surfaces or in high places, including 

stairs, on a scale from 0 (never) to 4 (always). Dogs showing fear of at least 

one surface/height at least often formed the high group, and dogs that never 

had difficulties in any of these situations formed the low group. 

Noise sensitivity: The noise sensitivity section consisted of three 

subtraits: fear of thunder, fireworks, and gunshots. First, owners were asked 

whether their dog showed fear toward these targets, and second, how often 

their dog showed fear, from rarely (0–20% of the time) to always (100% of 

the time). Dogs showing fear at least often (40–60% of the time) formed the 

high group, and dogs not showing fear to these targets formed the low group. 

Separation-related behaviour: Dog owners were asked whether their dog 

shows separation anxiety and how often it destroys, urinates, vocalises, 

salivates, and pants when left alone, from 0 (never) to 4 (very often). 

Questions concerning separation related behaviour were divided into two 

traits: destroys/urinates alone and vocalises/salivates/pants alone. In the 

former, dogs that were reported to exhibit separation anxiety and that 

destroyed/urinated at least often (3) formed the high group. In the latter, 

dogs that were reported to salivate or pant at least often (3) or barked at least 

often and salivated or panted at least rarely (1) formed the high group. Dogs 

that were not reported to show separation anxiety and never showed these 

behaviours formed the low group. 

4.2.2 DEMOGRAPHIC AND ENVIRONMENTAL VARIABLES 

The behavioural questionnaire included several questions about 

environmental, dietary, and lifestyle factors. For the studies exploring risk 

factors of ADHD-like and repetitive behaviour (Studies II and III), some 

demographic and environmental variables derived from the behavioural 

questionnaire were edited, and some new variables were created before 

statistical analyses.  

Twenty-two dog breeds with adequate sample sizes (> 10 

individuals/group) in both high and low groups and mixed breed dogs were 

included in the data. The breed group “other” was a combination of 

individuals in other breeds with inadequate sample sizes.  

A new variable, “body size”, was created by estimating the average heights 

of breeds from FCI and AKC breed standards. Dogs were divided into three 
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body size categories: small (≤ 35 cm), medium (36-49 cm), and large (≥ 50 

cm) based on the breed’s average height. Mixed breed dogs were excluded 

when body size was included in the analysis as their body size could not be 

determined. A continuous variable, “urban environment score”, was 

calculated using the geographical coordinates of the dog’s home. A higher 

urban environment score indicated a higher proportion of built environment. 

The land use around the dog’s home within a three-kilometre range was 

quantified using address information provided by the dog owners. The land-

use database CORINE2012 with a 25-m resolution was used to define the 

proportion of three different land-use types: artificial surfaces, agricultural 

areas, and forests and semi-natural areas. The land-use information was 

further simplified into a continuous rural-urban gradient with principal 

component analysis. 

4.3 SUBJECTS 

Study I: In total, 13,715 questionnaire responses from 264 dog breeds 

were collected between 2015-2018. Of these 13,715 dogs, 51.5% were female. 

The age of the dogs varied from 10 weeks to 17.8 years (mean 4.7 years). To 

estimate the prevalence of traits for dogs of different ages, six age groups 

were formed: under 2 years of age, 2-4 years of age, 4-6 years of age, 6-8 

years of age, 8-10 years of age, and more than 10 years of age. To compare 

prevalences between breeds, a minimum sample size per breed was 

calculated with the Epitools sample size calculator (Ausvet, 2020). For this, 

the average prevalence of behaviour traits (19%) and the average number of 

registrations per dog breed within the last 10 years (1,500) were used. The 

desired precision was set at 0.05 and a confidence level was set at 0.95. As a 

result, this calculation gave a minimum sample size of 200 per breed. More 

than 200 responses were received from mixed breed dogs and from 14 

breeds: Finnish Lapponian Dog (N = 538), Labrador Retriever (N = 465), 

German Shepherd Dog (N = 461), Shetland Sheepdog (N = 411), Soft-coated 

Wheaten Terrier (N = 351), Lapponian Herder (N = 294), Border Collie (N = 

268), Miniature Schnauzer (N = 255), Spanish Water Dog (N = 251), Rough 

Collie (N = 248), Lagotto Romagnolo (N = 248), Bernese Mountain Dog (N = 

209), Smooth Collie (N = 203), and Staffordshire Bull Terrier (N = 200). 

Study II: The same original data as in Study I was used to study the 

demographic, environmental, and behavioural factors of 

hyperactivity/impulsivity and inattention. Hyperactivity/impulsivity and 

inattention were studied in cohorts of 11,539 and 11,164 dogs, respectively. 

Due to the missing data, some dogs were excluded from the analyses in 

Studies II and III.   The hyperactivity/impulsivity score of the dogs varied 

from −1.62 to 5.23 (mean −0.01), and the inattention score varied from −1.81 

to 4.81 (mean −0.01). Of these dogs, 51% of those who scored for both 
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hyperactivity/impulsivity and inattention were female. The age of the dogs 

varied from 2 months to 17.9 years, with a mean of 4.7 years in both traits.  

Study III: The same initial data as in Study I was again utilised to study 

the risk factors of repetitive behaviour in a cohort of 4,436 dogs, including 

1,315 dogs (30%) displaying repetitive behaviours and 3,121 dogs not 

showing any repetitive behaviour. Of these dogs, 54% were female. The age of 

the dogs varied from 2.4 months to 17.9 years, with a mean of 4.8 years. 

Study IV: For the metabolomics study, 22 German Shepherd Dogs were 

recruited based on their ADHD-like behavioural scores (inattention score, 

hyperactivity/impulsivity score, and total ADHD score). The scores varied 

from high to low, reflecting the dogs’ ADHD-like behaviours. The owners of 

the selected dogs were interviewed to confirm the behaviour. The age of the 

dogs varied from 1.3 to 7.6 years, with a mean of 5.2 years. The data included 

six males and sixteen females. All dogs were fed the same commercial dry 

food for two weeks prior to blood sampling to control the possible effects of 

diet. Most of the dogs fasted 12 h before the plasma sampling. 

The summary of the study design and the sample sizes of each study is 

provided in Figure 3. 

 

Figure 3 A flow chart of the study design and sample sizes for Studies I-IV. The initial 
dataset used in Study I included 13,715 dogs. The same initial dataset was utilised 
in Studies II and III. After model selection, only dogs with no missing or incomplete 
responses in explanatory variables were included in the final datasets. In Study IV, 
twenty-two German Shepherd Dogs were included in the study. 
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4.4 STATISTICAL ANALYSES 

4.4.1 CHI-SQUARED TESTS 

To calculate the prevalence of behavioural traits, the number of dogs in the 

high group was divided by the sum of dogs in all trait groups (Study I). As a 

result, the percentages of dogs belonging to the high group in all traits were 

obtained. 

The prevalences were similarly calculated for the defined age groups, both 

sexes, and for 14 breeds and mixed breed dogs meeting the sample size 

criteria of > 200 individuals. To assess the significant associations, chi-

squared tests were run for the differences between breeds, sexes, and age 

groups in all traits. 

Comorbidities were calculated between all behavioural trait pairs. First, 

using the method adapted from Goldstein-Piekarsi et al. (2016), the number 

of dogs in the high group in both traits was divided by the number of dogs in 

the high group in the denominator trait. This resulted in a percentage of dogs 

in the high group in the denominator trait that also had the comorbid trait. 

This was calculated for all trait pairs. Second, the relative risk was calculated 

utilising the first calculation. The percentage of dogs in the low group in the 

denominator trait but in the high group in the other trait was calculated. 

Third, the percentage of the first calculation (dogs in the high group in both 

traits) was divided by the percentage of the second calculation (dogs in the 

high group in the comorbid trait but in the low group in the denominator 

trait). Two-proportions z-tests were run to examine the significance of all risk 

ratios obtained.  

All P-values were corrected for false discovery rate (FDR), and the 

significance cut-off P-value was set at P < 0.05. All statistical analyses were 

conducted in R (R Core Team, 2019). 

4.4.2 GENERALISED LINEAR MODELS 

Associations between demographic, environmental and behavioural variables 

and hyperactivity/impulsivity and inattention were studied with generalised 

linear models (Study II). Gamma distribution with a log link function fitted 

the data best, so it was used in both hyperactivity/impulsivity and inattention 

models. Initially, the data consisted of 13,715 dogs in 264 breeds. When 

individual dogs with missing or incomplete responses in the studied 

explanatory variables were excluded, the data included 6,400 dogs in both 

hyperactivity/impulsivity and inattention. 

The hyperactivity/impulsivity and inattention component scores were 

used as continuous response variables in the analyses. Based on previous 

literature, fourteen explanatory variables were selected: age, sex, 

sterilisation, breed, and body size were selected as demographic explanatory 

variables, weaning age, activities/training, daily exercise, owner’s dog 
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experience, daily time spent alone, and urban environment score were 

selected as environmental explanatory variables, and compulsive behaviour, 

fearfulness and aggressiveness were selected as behavioural explanatory 

variables. 

To find the best fitting model, a forward stepwise AIC (Akaike 

Information Criterion) model selection was used, with the starter model only 

including age and sex as explanatory variables. After model selection, to 

maximise sample sizes, new subsets of the initial data were created, 

consisting of all dogs with no missing responses in the explanatory variables 

included in the final models. As a result, the final datasets consisted of 11,539 

individuals in hyperactivity/impulsivity and 11,164 in inattention. 

Model fit was assessed carefully. First, to obtain the adjusted means and 

confidence limits for categorical explanatory variables, estimated marginal 

means were calculated using the package 'emmeans' (Lenth, 2019). The 

effects of continuous explanatory variables were obtained using the package 

'effects' (Fox, 2003). To get the overall effects of the explanatory variables, an 

analysis of variance (ANOVA) was conducted with the package 'car' (Fox & 

Weisberg, 2011). 

Many a priori contrasts were formed between the levels of explanatory 

variables based on previous studies. Younger dogs were hypothesised to be 

more hyperactive, impulsive, and more inattentive than older dogs (Kubinyi 

et al., 2009; Ley et al., 2009; Lit et al., 2010; Vas et al., 2007; Wright et al., 

2011). In both hyperactivity/impulsivity and inattention, dogs participating 

in activities or training often (at least weekly) were hypothesised to differ 

from dogs participating in activities or training never or seldom (Kubinyi et 

al., 2012; Lit et al., 2010; Vas et al., 2007). In hyperactivity/impulsivity, large 

dogs were hypothesised to differ from small dogs in their 

hyperactivity/impulsivity (Vas et al., 2007; Wright et al., 2011). Furthermore, 

dogs in high groups for repetitive behaviour, aggressiveness, and fearfulness 

were hypothesised to be more hyperactive and impulsive than dogs in low 

groups for repetitive behaviour, aggressiveness and fearfulness, respectively 

(Dinwoodie et al., 2019). 

To examine all pairwise comparisons and the a priori contrasts, estimated 

marginal means were calculated with the package 'emmeans' (Lenth, 2019). 

P-values were FDR corrected, except contrasts chosen a priori. The 

significance cut-off was set at p-value <0.05. All statistical analyses were 

conducted in R version 3.6.2 (R Core Team, 2019). 

4.4.3 LOGISTIC REGRESSION 

A logistic regression model was used to study the association between canine 

repetitive behaviour and the demographic, environmental and behavioural 

variables (Study III). The initial dataset consisted of 13,715 dogs in 264 

breeds. Due to a low number of dogs displaying repetitive behaviour, 

subtraits of repetitive behaviour had to be combined for the analysis. 
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Initially, seventeen explanatory variables were selected, mostly based on 

previous literature: age, sex, breed, sterilisation, body size (as demographic 

explanatory variables), daily exercise, number of dogs in the family, urban 

environment score, family size, owner’s dog experience, socialisation score, 

daily time spent alone, weaning age (as environmental explanatory 

variables), hyperactivity/impulsivity, inattention, fearfulness, and 

aggressiveness (as behavioural explanatory variables). When individual dogs 

with missing or incomplete responses in the studied explanatory variables 

were excluded, the data included 3,460 dogs. 

To find the models with the best fit, a forward stepwise AIC model 

selection approach was used. The starter model only included age and sex as 

explanatory variables. Based on the model selection process, the explanatory 

variables of breed, sterilisation, owner’s dog experience, number of dogs in 

the family, family size, daily exercise, urban environment score, 

hyperactivity/impulsivity score, inattention score, and aggressiveness were 

included in the final model. 

After model selection, to maximise the use of collected data, a new subset 

of the initial data was created, consisting of all dogs with no missing 

responses in the explanatory variables included in the final model. This 

resulted in a final dataset consisting of 4,436 individuals. 

After the model selection, a generalised additive model (GAM) was fit 

with the package “gam” (Hastie, 2018) to check the linearity assumptions of 

continuous explanatory variables. Both linear and quadratic variables (e.g., 

age and age2) were included in the final model if the linearity assumption was 

not met. Next, possible outliners were examined with packages “broom” 

(Robinson & Hayes, 2018) and “dplyr” (Wickham et al., 2019). Standardised 

residuals were plotted with the package “ggplot2” (Wickham, 2016). Then 

multicollinearity was tested with generalised variance inflation factor (gVIF) 

using the package “car” (Fox & Weisberg, 2011). No multicollinearity or 

outliers were found. Finally, the area under the receiver operator 

characteristic curve (AUC) was calculated using the package “pROC” (Robin 

et al., 2011). The AUC of the final model was 0.77, indicating good 

discrimination performance. 

Several a priori contrasts were formed between the levels of explanatory 

variables based on previous studies. Male dogs were hypothesised to have a 

higher probability of repetitive behaviour than females (Moon-Fanelli et al., 

2011). Staffordshire Bull Terriers and German Shepherd Dogs were 

hypothesised to be more likely to show repetitive behaviour than other 

breeds (Col et al., 2016; Goto et al., 2012; Tiira et al., 2012). Additionally, 

dogs living in a single dog household were hypothesised to differ from dogs 

living with other dogs (Tiira et al., 2012). Furthermore, dogs showing high 

aggressiveness were hypothesised to have higher probabilities of repetitive 

behaviour than dogs not showing aggressiveness (Moon-Fanelli et al., 2011). 

An analysis of variance was conducted with the package “car” (Fox & 

Weisberg, 2011) to obtain the overall effects of the explanatory variables on 
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repetitive behaviour. To assess the significance of the a priori contrasts and 

other comparisons, estimated marginal means were calculated with the 

package “emmeans” (Lenth, 2019). The effects of continuous explanatory 

variables (adjusting for other variables in the models) were obtained with the 

package “effects” (Fox 2003). All P-values, except p-values of the a priori 

contrasts, were FDR corrected to decrease the probability of type I error. The 

significance cut-off p-value was set at p <0.05. All statistical analyses were 

conducted in R version 3.6.2 (R Core Team, 2019). 

4.5 NON-TARGETED METABOLOMICS 

Fresh EDTA plasma samples were collected from the dogs for the non-

targeted metabolite profiling analyses. Blood samples were immediately 

centrifuged to separate plasma from cells and were stored at -20°C. 

To precipitate the proteins and extract the metabolites from plasma 

samples, 300 µL of methanol was added to 100 µL of plasma sample. Data 

preprocessing and LC-MS analyses were performed in the LC-MS 

Metabolomics Center at Biocenter Kuopio (University of Eastern Finland). 

The UHPLC-qTOF-MS system (Agilent Technologies, Waldbronn, 

Karlsruhe, Germany), consisting of a 1290 LC system, a Jetstream 

electrospray ionisation (ESI) source and a 6540 UHD accurate-mass 

quadrupole-time-of-flight (qTOF) mass spectrometry, was used for the non-

targeted metabolite profiling. Two different chromatographic techniques, 

reversed-phase liquid chromatography (RPLC) and hydrophilic interaction 

liquid chromatography (HILIC) were used to analyse the samples. 

Furthermore, data were acquired in both ionisation polarities: ESI positive 

(ESI+) and ESI negative (ESI−). 

To obtain the LC-MS data, MassHunter Qualitative Analysis B.05.00 

software (Agilent Technologies) was used. The metabolic features were 

extracted utilising the “find by molecular feature” algorithm. For compound 

alignment and data pre-processing, the data were output as compound 

exchange format (.cef) files into the Mass Profiler Professional software 

(MPP 2.2, Agilent Technologies). Background noise and insignificant 

metabolite features were excluded from further analysis.  As a result, a 

dataset consisted of 7058 features. A more detailed description of the process 

is provided in Study IV. 

Associations between the metabolites and behavioural variables of 

ADHD-like behaviour (total ADHD, inattention and impulsivity) were 

analysed using Spearman correlation analysis. A partial correlation analysis 

was performed to study the possible effects of sex, age, and fasting status on 

the observed associations (R project for Statistical Computing versions 3.0.1). 

FDR correction was used to control for multiple comparisons (Benjamini & 

Hochberg, 1995). All statistical analyses were performed using the R project 

for Statistical Computing version 3.0.1. 
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5 RESULTS 

5.1 UNWANTED BEHAVIOURS ARE COMMON AND 
COMORBID (STUDY I) 

Survey data from over 13,700 dogs in 264 breeds were collected to evaluate 

the prevalence and comorbidity of the unwanted behavioural traits. 

Prevalences were defined by dividing the number of dogs in the high group 

by the sum of dogs in all trait groups. In general, unwanted behaviours in 

dogs were common, and various unwanted behaviour traits often occurred 

simultaneously. Owners reported that 72.5% of dogs showed some kind of 

problematic behaviour. Here, problematic behaviour means that the dog 

displays the behaviour frequently, and it may disturb normal daily life. 

The most common traits were noise sensitivity and fear, with prevalences 

of 32% and 29%, respectively (Figure 4A). Inattention was reported in 19.1% 

of dogs, hyperactivity/impulsivity was reported in 15% of dogs, and repetitive 

behaviour was reported in 16% of dogs. Among the less frequent traits were 

separation-related behaviour and aggression, with prevalences of 5% and 

14%, respectively.  

The prevalences of subtraits also varied (Figure 4B). For example, the 

most common subtraits of repetitive behaviour were self-biting and surface 

licking with prevalences of 6.3% and 4.6%, respectively. Other subtraits of 

repetitive behaviour were less reported and often reported in specific dog 

breeds. For example, staring was reported only in 0.9% of dogs. 

Comorbidity was studied between and within traits. Comorbidities were 

common between different anxiety-related traits. Fear was the most 

common, and noise sensitivity was the second most common comorbidity. 

Fear was especially reported in aggressive dogs and noise sensitivity in 

fearful dogs (Study I/Fig. 2a). However, when the relative risks were 

compared, a comorbidity pattern was slightly different (Study I/Fig. 2b). 

Dogs showing separation-related behaviour were 4.1 times more likely to 

display hyperactivity/impulsivity and 3.4 more likely to display inattention 

than dogs not displaying separation-related behaviour. Similarly, dogs 

showing repetitive behaviour had 3.2 times more often 

hyperactivity/impulsivity, and dogs showing hyperactivity/impulsivity were 

3.1 more likely to display repetitive behaviour. Comorbidity between 

subtraits was also common but showed high variability. For example, 19.2% 

of the dogs displaying repetitive behaviour had more than one repetitive 

behaviour. All in all, nearly all studied traits were comorbid with each other, 

but in many pairwise comparisons, their risk ratios were modest. 
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Figure 4 Prevalence of A) behavioural traits and B) subtraits. Figure reprinted and modified 
from Salonen, M., Sulkama, S., Mikkola, S., Puurunen, J., Hakanen, E., Tiira, K., 
Araujo, C., Lohi, H. (2020). Prevalence, comorbidity, and breed differences in 
canine anxiety in 13,700 Finnish pet dogs. Sci Rep 10, 2962 under CC BY 4.0 
license: https://creativecommons.org/licenses/by/4.0/  

5.2 BREED-SPECIFICITY OF BEHAVIOURAL TRAITS 
(STUDIES I, II, AND III) 

Differences between breeds were observed across all measured behavioural 

traits in a large data set of 13,700 dogs (Study I/Fig. 4). Breed differences 

were examined by chi-squared tests and these were significant for all studied 

behavioural traits. For example, hyperactivity/impulsivity was most reported 

in mixed breed dogs and in German Shepherd Dogs, but rarely in Rough 

Collies and Miniature Schnauzers (Study I/Fig. 4d). Inattention was most 
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reported in mixed breed dogs and Finnish Lapponian dogs and least reported 

in Spanish Water Dogs and Border Collies (Study I/Fig. 4e). In some traits, 

large differences between the 15 most common breeds were seen. For 

example, tail chasing was reported in 9.5% of Staffordshire Bull Terriers, but 

none of the Lagotto Romagnolo dogs showed tail chasing (Study I/Fig. 4g). 

In addition, when focusing on individual breeds, large differences were 

observed between behavioural profiles of dog breeds. Compared to other 

breeds, Border Collies showed a very high prevalence of compulsive staring 

and fly snapping, and Staffordshire Bull Terriers showed high levels of 

repetitive behaviour, hyperactivity, and inattention (Figure 5). By contrast, 

Lagotto Romagnolos showed high levels of fear, noise sensitivity, and 

aggression towards family members. 
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Figure 5 Radar chart representation of behaviour profiles for Border Collies and Staffordshire 
Bull Terriers. The minimum in all behavioural traits is the breed-wise minimum 
prevalence when comparing the 15 studied breeds and the maximum value is the 
breed-wise maximum prevalence. Figure reprinted and modified from Salonen, M., 
Sulkama, S., Mikkola, S., Puurunen, J., Hakanen, E., Tiira, K., Araujo, C., Lohi, H. 
(2020). Prevalence, comorbidity, and breed differences in canine anxiety in 13,700 
Finnish pet dogs. Sci Rep 10, 2962 under CC BY 4.0 license. 

When using the generalised linear models to study 

hyperactivity/impulsivity and inattention and when correcting for other 

variables, significant differences in hyperactivity/impulsivity and inattention 

scores between dog breeds were again detected (Study II). Here, the highest 

scores of hyperactivity/impulsivity were observed in Cairn Terriers, Jack 
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Russell Terriers, German Shepherd Dogs, and Staffordshire Bull Terriers, 

and the lowest scores were observed in Chihuahuas and Rough Collies 

(Figure 6A). The highest scores of inattention were observed in Cairn 

Terriers, Golden Retrievers and Finnish Lapponian Dogs, and the lowest 

scores were observed in Border Collies and Miniature Poodles (Figure 6B). 

 

 

Figure 6 Breed differences for A) hyperactivity/impulsivity and B) inattention. Error bars 
indicate 95% confidence limits. N(hyperactivity/impulsivity)=11,539 and 
N(inattention)=11,164. Figure reprinted and modified from Sulkama, S., Puurunen, 
J., Salonen, M., Mikkola, S., Hakanen, E., Araujo, C., Lohi, H. (2021). Canine 
hyperactivity, impulsivity, and inattention share similar demographic risk factors and 
behavioural comorbidities with human ADHD. Transl Psychiatry 11, 501 under CC 
BY 4.0 license. 

In the logistic regression model of repetitive behaviour, when correcting 

for other variables, the highest probability of repetitive behaviour was 

observed in German Shepherd Dogs, Chinese Crested Dogs, Pembroke Welsh 

Corgis, Medium size Spitzes, and Staffordshire Bull Terriers, and the lowest 
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probability was observed in Smooth Collies and Miniature Schnauzers
(Figure 7) (Study III).

Figure 7 Breed differences of repetitive behaviour in the logistic regression analysis. Error 
bars indicate 95% confidence limits. N=4,436. Figure reprinted from Sulkama, S., 
Salonen, M., Mikkola, S. Hakanen, E., Puurunen, J., Araujo, C., Lohi, H. (2022). 
Aggressiveness, ADHD-like behaviour, and environment influence repetitive 
behaviour in dogs. Sci Rep 12, 3520 under CC BY 4.0 license.

5.3 SEVERAL DEMOGRAPHIC FACTORS ASSOCIATE 
WITH UNWANTED BEHAVIOURS (STUDIES I, II, AND 
III)

Chi-squared tests were used to identify age and sex differences among dogs 
displaying unwanted behaviours (Study I). Significant age differences were 
seen in most behavioural traits (I/Fig. 3). The prevalence of all noise 
sensitivity traits, fear of surfaces and heights, and aggression increased with 
age. In contrast, the prevalence of hyperactivity/impulsivity, tail chasing, and 
destroying/urinating decreased with age. Sex differences were seen in fear, 
hyperactivity/impulsivity, aggression, and separation-related behaviour. The 
prevalences of aggression, hyperactivity/impulsivity, and separation-related 
behaviour were higher in male dogs, whereas the prevalence of fear was 
higher in female dogs.

When studying hyperactivity/impulsivity and inattention with generalised 
linear models, the results of Study II were in line with Study I. Both the age 
and the sex of the dog were associated with hyperactivity/impulsivity (Table 
2, Figure 8A,C) and inattention (Table 2, Figure 8B,D). The scores of both 
traits were highest in young dogs and higher in male dogs than in female
dogs. An association between body size and hyperactivity/impulsivity was 



Results 

48 

also found (Table 2, Figure 10A). Hyperactivity/impulsivity scores were 

higher in medium-sized dogs than in small or large dogs. 

 

Figure 8 The effects of age (A, B) and sex (C, D) on canine hyperactivity/impulsivity and 
inattention. Grey area (A, B) and error bars (C, D) indicate 95% confidence limits. 
N(hyperactivity/impulsivity)=11,539 and N(inattention)=11,164. Figure reprinted and 
modified from Sulkama, S., Puurunen, J., Salonen, M., Mikkola, S., Hakanen, E., 
Araujo, C., Lohi, H. (2021). Canine hyperactivity, impulsivity, and inattention share 
similar demographic risk factors and behavioural comorbidities with human ADHD. 
Transl Psychiatry 11, 501 under CC BY 4.0 license. 

When studying repetitive behaviour with a multiple logistic regression 

model, an association between the age of the dog and repetitive behaviour 

was found (Table 2) (Study III). Young dogs had a higher probability of 

repetitive behaviour, probability decreased with age until 8 years of age, and 

then again increased in elderly dogs (Figure 9). The sex of the dog was not 

associated with repetitive behaviour. Instead, repetitive behaviour was 

associated with sterilisation, as intact dogs were more likely to show 

repetitive behaviour than neutered dogs. 
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Figure 9 The effect of age on canine repetitive behaviour. Grey area indicates 95% 
confidence limits. N=4,436 Figure reprinted from Sulkama, S., Salonen, M., Mikkola, 
S. Hakanen, E., Puurunen, J., Araujo, C., Lohi, H. (2022). Aggressiveness, ADHD-
like behaviour, and environment influence repetitive behaviour in dogs. Sci Rep 12, 
3520 under CC BY 4.0 license. 

Table 2. Associations of demographic, environmental, and behavioural variables with 
hyperactivity/impulsivity and inattention (in the generalized linear models), and repetitive 
behaviour (in the logistic regression). 

Variable  

Hyperactivity/impulsivity Inattention Repetitive behaviour 

F p-value  DF  F p-value  DF  F p-value DF 

Age  295.93 <0.0001* 1 8.73 0.0031* 1 9.55 0.0183 1 

Age^2    0.56 0.5607 1 6.68 0.0543 1 

Sex  68.39 <0.0001 1 80.03 <0.0001 1 0.39 0.5336* 1 

Sterilisation       15.33 0.0020 1 

Breed  4.37 <0.0001 22 11.23 <0.0001 23 3.29 <0.0001 23 

Body size  11.32 0.0004 2       

Daily exercise  9.69 0.0001 4    7.79 0.0018 3 

Daily time spent 
alone 

8.62 0.0004 3 5.27 0.0046 3    

Dogs in the family       34.64 <0.0001 1 

Owner’s dog 
experience  

21.53 0.0001 1    26.85 <0.0001 1 

Activities/training    63.77 <0.0001 2    

Family size       4.20 0.0183 4 

Urban environment 
score 

      3.75 0.1622 1 

Urban environment 
score^2 

      2.23 0.2797 1 

Hyperactivity/ 
impulsivity 

      147.71 <0.0001 1 

Inattention       31.02 <0.0001 1 

Fearfulness  202.57 <0.0001 2 112.79 <0.0001 2    

Aggressiveness 60.93 <0.0001 2 36.03 <0.0001 2 24.36 <0.0001 2 

Repetitive behaviour 241.21 <0.0001 2 160.01 <0.0001 2    

P-values are controlled for false discovery rate if no a priori contrasts were set before analyses. Variables for 

which a priori contrasts were set and which p-values are not false discovery controlled are denoted with *. 

Significant effects are emboldened (p-value < 0.05). N=11,539 (hyperactivity/impulsivity), N=11,164 

(inattention), and N=4,436 (repetitive behaviour).   
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5.4 SEVERAL ENVIRONMENTAL FACTORS INFLUENCE 
ADHD-LIKE BEHAVIOUR AND REPETITIVE 
BEHAVIOUR (STUDIES II AND III) 

Environmental factors influencing canine ADHD-like behaviour and 

repetitive behaviour were studied using complex multivariate models. 

Several environmental factors were associated with canine 

hyperactivity/impulsivity and inattention (Table 2) (Study II). 

Hyperactivity/impulsivity scores were higher in dogs getting less daily 

exercise (Figure 10B). Dogs that exercised less than 1 hour per day had higher 

hyperactivity/impulsivity scores than dogs that got more than 3 hours, 2–

3 hours, or 1–2 hours of exercise per day. Additionally, dogs that got 1–

2 hours exercise a day had higher hyperactivity/impulsivity scores when 

compared with dogs that got 2–3 hours or more than 3 hours of daily 

exercise. Both hyperactivity/impulsivity and inattention scores were higher 

in dogs that spend more time alone (Figure 10C). Dogs that spend more than 

8 hours alone daily had higher hyperactivity/impulsivity and inattention 

scores than dogs that spent less than 3 hours, 3–6 hours, or 6–8 hours alone. 

Owners’ dog experiences were also associated with hyperactivity/impulsivity 

(Figure 10D). Owners’ first dogs were more likely to have a higher 

hyperactivity/impulsivity score than dogs that were not first dogs. In 

addition, dogs that participated less frequently in activities and training had 

higher inattention scores. Dogs that never or seldom participated in activities 

and training had higher inattention scores than dogs that participated in 

activities at least weekly. Dogs that participated in activities sometimes had 

higher inattention scores than dogs that participated in training weekly (z-

ratio = 9.28, df = 1, p = 0.0005). 
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Figure 10 The effects of A) body size, B) daily exercise, C) daily time spent alone, and D) 
owner’s dog experience on canine hyperactivity/impulsivity. Error bars indicate 95% 
confidence limits. N = 11,539. Figure reprinted and modified from Sulkama, S., 
Puurunen, J., Salonen, M., Mikkola, S., Hakanen, E., Araujo, C., Lohi, H. (2021). 
Canine hyperactivity, impulsivity, and inattention share similar demographic risk 
factors and behavioural comorbidities with human ADHD. Transl Psychiatry 11, 501 
under CC BY 4.0 license. 

Moreover, many environmental factors were associated with canine 

repetitive behaviour (Study II). Dogs that get less daily exercise were more 

likely to show repetitive behaviour (Table 2, Figure 11C). Dogs that exercise 

less than one hour per day had a higher probability of repetitive behaviour 

than dogs that get 1–2 hours, 2–3 hours, or more than three hours of exercise 

per day. Dogs from a single dog household in the family had a higher 

probability of repetitive behaviour than dogs living with other dogs in the 

household (Table 2, Figure 11B). The owner’s experience with dogs had also 

an association with the probability of repetitive behaviour (Table 2, Figure 

11A). Owners’ first dogs had a higher possibility of repetitive behaviour than 

dogs that were not first dogs. Furthermore, family size was associated with 

repetitive behaviour (Table 2). Dogs living in single-person households 

(“single”) had a higher probability of showing repetitive behaviour than dogs 

living in two-person households (“couples”) or in larger families (more than 

two children or more than two adults in the family). Urban environment 
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score had no association with the probability of repetitive behaviour (Table 

2). 

 

Figure 11 The effects of A) owner’s dog experience, B), number of dogs in the family, and C) 
daily exercise on the probability of repetitive behaviour. Error bars indicate 95% 
confidence limits. N = 4,436. Figure reprinted and modified from Sulkama, S., 
Salonen, M., Mikkola, S. Hakanen, E., Puurunen, J., Araujo, C., Lohi, H. (2022). 
Aggressiveness, ADHD-like behaviour, and environment influence repetitive 
behaviour in dogs. Sci Rep 12, 3520 under CC BY 4.0 license. 

5.5 ADHD-LIKE BEHAVIOUR AND REPETITIVE 
BEHAVIOUR HAVE HIGH BEHAVIOURAL 
COMORBIDITY (STUDIES II AND III) 

Behavioural factors affecting canine hyperactivity/impulsivity, inattention, 

and repetitive behaviour were studied as well. Dogs with repetitive, 

aggressive or fearful behaviour also had higher hyperactivity/impulsivity and 

inattention scores (Figure 12A, B) (Study II). Dogs showing high levels of 

repetitive behaviour had higher hyperactivity/impulsivity and inattention 

scores when compared with dogs showing low or moderate levels of 

repetitive behaviour. Also, dogs showing moderate levels of repetitive 

behaviour had higher hyperactivity/impulsivity and inattention scores than 

dogs showing low levels of repetitive behaviour. Similarly, dogs reported to 

show high levels of aggressiveness had higher hyperactivity/impulsivity and 

inattention scores when compared with dogs showing low or moderate levels 

of aggressiveness. Dogs showing moderate levels of aggressiveness had 

higher hyperactivity/impulsivity and inattention scores than dogs showing 

low levels of aggressiveness. Additionally, dogs showing high levels of 

fearfulness had higher hyperactivity/impulsivity and inattention scores when 

compared with dogs showing low or moderate levels of fearfulness. Dogs 
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showing moderate levels of fearfulness had higher hyperactivity/impulsivity 

and inattention scores than dogs showing low levels of fearfulness. 

 

Figure 12 The effects of repetitive behaviour, aggressiveness, and fearfulness on A) canine 
hyperactivity/impulsivity and (B) inattention. Error bars indicate 95% confidence 
limits. N(hyperactivity/impulsivity)=11,539 and N(inattention)=11,164. Figure 
reprinted and modified from Sulkama, S., Puurunen, J., Salonen, M., Mikkola, S., 
Hakanen, E., Araujo, C., Lohi, H. (2021). Canine hyperactivity, impulsivity, and 
inattention share similar demographic risk factors and behavioural comorbidities 
with human ADHD. Transl Psychiatry 11, 501 under CC BY 4.0 license. 

Behavioural factors also had a positive association with repetitive 

behaviour (Study III). Higher hyperactivity/impulsivity scores and higher 

inattention scores increased the probability of repetitive behaviour (Table 2, 

Figure 13A, B, C). Furthermore, dogs showing high levels of aggressiveness 

had a higher probability of repetitive behaviour than dogs with low 

aggressiveness. In addition, dogs with high levels of aggressiveness had a 

higher probability of repetitive behaviour than dogs with moderate levels of 

aggressive behaviour, and dogs with moderate levels of aggressive behaviour 

had a higher probability of repetitive behaviour than the dogs with no 

reported aggressiveness. 
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Figure 13 The effects of A) inattention, B) hyperactivity/impulsivity, and C) aggressiveness on 
the probability of canine repetitive behaviour. Grey areas and error bars indicate 
95% confidence limits. N=4,436. Figure reprinted and modified from Sulkama, S., 
Salonen, M., Mikkola, S. Hakanen, E., Puurunen, J., Araujo, C., Lohi, H. (2022). 
Aggressiveness, ADHD-like behaviour, and environment influence repetitive 
behaviour in dogs. Sci Rep 12, 3520 under CC BY 4.0 license. 

5.6 ALTERED TRYPTOPHAN METABOLISM AND 
DECREASED PHOSPHOLIPID ABUNDANCES 
ASSOCIATE WITH ADHD-LIKE BEHAVIOUR (STUDY 
IV) 

Twenty-two German Shepherd Dogs with varying ADHD-like behaviours 

were included in the study (Study IV). Continuous behavioural variables, 

total ADHD, inattention, and impulsivity, described the dogs’ ADHD-like 

behaviour, which varied from 1.0 (lowest) to 3.8 (highest), where higher 

behavioural scores indicated more ADHD-like behaviour.  

Altogether, 7,058 molecular features were identified from the LC-MS 

analysis. Six-hundred-and-forty-nine of these features correlated with one or 

more behavioural variables (praw <0.05). These were compared to databases 

or earlier publications. Based on comparisons, twenty-two metabolites were 

identified (Study IV/Table 1). Five unidentified metabolites were found as 

well. Most of the reported metabolites (20 out of 27) were associated with all 

three ADHD-like behavioural variables (Study IV/Fig. 1, Table 2). However, 

phenylalanine correlated only with hyperactivity/impulsivity. Sn-1 

LysoPC(14:0), sn-1 LysoPC(18:1), unknown PC with m/z 796.516, and 

indoleacetic acid (IAA) correlated only with inattention. 
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Three tryptophan metabolites were associated with ADHD-like 

behavioural scores (Study IV/Fig. 1, Table 2). The metabolites were 

identified as 3-indolepropionic acid (IPA), kynurenic acid (KYNA) and 

indoleacetic acid (IAA). All three behavioural variables were associated with 

lower plasma IPA abundance. The plasma IPA levels were negatively 

associated with all three behavioural variables and the strongest association 

was seen with inattentive behaviour (Total: rs=-0.565, praw=0.006, 

pFDR=0.381; Inattention: rs=-0.618, praw=0.002, pFDR=0.241; 

Hyperactivity/impulsivity: rs=-0.452, praw=0.035 pFDR=0.560). The 

association between IPA and hyperactivity/impulsivity score was nominally 

significant when controlled for age, sex, and fasting status in the analysis 

(original p=0.035, adjusted p=0.058) (Study IV/Table 3). Contrary to IPA, 

the higher plasma KYNA abundance was positively associated with ADHD-

like behaviours (Total: rs=0.511, praw=0.015, pFDR=0.426; Inattention: 

rs=0.505, praw=0.017, pFDR=0.392; Hyperactivity/impulsivity: rs=0.498, 

praw=0.018 pFDR=0.447) (Study IV/Fig. 1, Table 2). IAA was negatively 

associated with inattentive behaviour (rs=-0.474, praw=0.030, 

pFDR=0.433), but the association was no longer significant after controlling 

for age, sex, and fasting effects (original p=0.030, adjusted p=0.062) (Study 

IV/Fig. 1, Table 2, Table 3). 

Lower plasma lipid abundances were typical to dogs with more intense 

ADHD-like behaviour, as most of the identified metabolites correlating with 

ADHD-like behaviours were phospholipids. Altogether, five 

phosphatidylcholines (PC) (PC(18:3/18:2), PC(20:5/18:3), PC(20:4/14:0), 

PC(18:2/16:1) and PC(15:0/18:2)), five LysoPCs (sn-1 LysoPC(18:3), sn-1 

LysoPC(14:0), sn-1 LysoPC(15:0), sn-1 LysoPC(17:0) and sn-1 LysoPC(20:3)), 

four LysoPEs (sn-1 LysoPE(18:2), sn-1 LysoPE(20:5), sn-1 LysoPE(18:1) and 

sn-1 LysoPE(18:0)), and one unknown PC with m/z 796.516 correlated 

negatively with one or more ADHD-like behavioural variable (Study IV/Fig. 

1, Table 2). The correlations between sn-1 LysoPC(18:3) and all three 

behavioural variables (Total: rs=-0.769, praw=2.93E-05, pFDR=0.016; 

Inattention: rs=-0.740, praw=8.26E-05, pFDR=0.030; 

Hyperactivity/impulsivity: rs=-0.765, praw=3.32E-05 pFDR=0.036), 

PC(18:3/18:2), total and inattention variables (Total: rs=- 0.804, 

praw=1.91E-05, pFDR=0.0.16; Inattention: rs=-0.798, praw=2.53E-05, 

pFDR=0.0.019), and sn-1 LysoPE(18:2) and inattention variable 

(Inattention: rs=-0.697, praw=3.1E.04, pFDR=0.044) remained significant 

after FDR correction for multiple comparisons. Contrary to phospholipids, 

the plasma abundances of two fatty acids, C20:4 and C18:1, correlated 

positively with the ADHD-like behavioural variables. 
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6 DISCUSSION 

This thesis focused on examining the factors associated with canine 

behavioural traits, especially two common unwanted behaviours: ADHD-like 

behaviour and repetitive behaviour. These behaviours and underlying factors 

still remain largely unstudied in dogs.  The identification of factors associated 

with canine behavioural disorders could more efficiently help to prevent and 

manage abnormal levels of behavioural traits in dogs, thereby improving 

their wellbeing. Based on the results of this thesis, it is also possible to 

evaluate the suitability of the dog as an animal model for human psychiatric 

disorders. 

In this thesis, spontaneous canine ADHD-like and repetitive behaviours 

were hypothesised to be relatively common and breed-specific, to resemble 

human ADHD and OCD, and to be affected by numerous environmental 

factors. ADHD-like behaviour was also hypothesised to associate with 

specific serum metabolic profiles. 

To find answers to these hypotheses, one of the world’s largest datasets of 

pet dogs was collected. This massive questionnaire data, mostly collected 

through social media, provided comprehensive information on dogs’ 

behaviours and related background factors. The data were analysed using 

versatile statistical approaches including generalised linear models and 

logistic regression. The utilisation of a non-targeted metabolomics analysis 

made it possible to identify biologically significant trait-specific metabolic 

alterations. The findings revealed new, previously unpublished results 

regarding the prevalences, comorbidities, breed differences, and risk factors 

of unwanted canine behaviours. Some findings replicated results from 

previous studies, which confirms the questionnaire approach used in these 

studies.   

The results of this thesis indicate that unwanted canine behaviours are 

common, which is mainly in line with previous studies. The findings 

highlight that, as is the case with humans, many behavioural disorders in 

dogs are correlated. Furthermore, these studies offered novel observations 

about environmental associations, such as the association between 

hyperactivity/impulsivity and both the owner’s experience with dogs and the 

daily time a dog spends alone. 

A novel association between repetitive behaviour and the owner’s 

experience with dogs was also reported. One of the most interesting findings 

was that canine ADHD-like behaviour shared several similar risk factors with 

human ADHD. In addition, notable breed differences were observed in the 

presentation of ADHD-like behaviour and repetitive behaviour, indicating 

that these behaviours are genetically inherited. Furthermore, altered 

tryptophan and decreased phospholipid levels were linked with ADHD-like 
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behaviour, providing valuable and novel molecular insights into canine 

ADHD-like behaviour. 

The results have scientific and practical implications. First, the breed-

specific findings offer valuable information for dog breeders, as the 

prevalence of unwanted behaviours could be decreased by selecting only dogs 

not showing these behaviours for breeding. Second, veterinary medicine can 

benefit from these results since they make it easier to recognise and treat 

these behavioural disorders. Third, the findings of unique metabolic profiles 

of canine ADHD-like behaviour demonstrate the potential of metabolomics 

approach to identify molecular biomarkers of canine behavioural disorders. 

Our findings enable a specific working hypothesis that the canine food 

industry can test to develop functional diets for dogs with abnormal 

behaviours in the future. Fourth, the findings of this thesis strengthen the 

role of the domestic dog as a natural animal model for human psychiatric 

disorders, as is shown by comparing the results with the findings of several 

human studies. Finally, these findings can provide dog owners with better 

understanding of their dogs and encourage better ownership behaviours in 

order to improve canine wellbeing and encourage a harmonious coexistence. 

These findings also provide data for future research, which could, for 

example, examine the gene-environment interactions as well as epigenetic 

mechanisms of behaviour. 

6.1 PREVALENCE AND DIFFERENCES OF 
BEHAVIOURAL TRAITS BETWEEN BREEDS 

In general, unwanted behavioural traits were common in dogs. Seventy-three 

percent of dogs showed at least one unwanted behaviour when combining all 

behavioural traits. The most frequently reported unwanted behaviour was 

noise sensitivity, with a third of the studied dog population showing fear of 

noises (Study I). High levels of hyperactivity/impulsivity were reported in 

15% of dogs, and high levels of inattention were reported in 19.1% of dogs. 

Previous studies have reported excessive activity in 12% to 34% of dogs 

(Dinwoodie et al., 2019; Khoshnegah et al., 2011). Repetitive behaviours were 

reported in 16% of dogs, which is in line with a previous study (Dinwoodie et 

al., 2019). Self-biting was the most common repetitive behaviour, which also 

supports previous studies where self-mutilation was the most-reported 

repetitive behaviour (Dinwoodie et al., 2019; Overall & Dunham, 2002). 

However, while self-mutilation may be an abnormal repetitive behaviour, it 

can also be a sign of painful health problems caused by allergies, 

ectoparasites, or other skin problems. Therefore, it is impossible to know the 

reason for the behaviour without a comprehensive veterinary diagnosis. 

Thus, this can explain the high prevalence of the subtrait in Study I and in 

previous studies, as any information about dogs’ health was not available. 
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In humans, OCD has been described with varying prevalence, from as low 

as 0.7 to as high as 8%. In recent studies, current prevalence rates have been 

approximately 1%, and lifetime rates between 2% and 2.5% (Torres et al., 

2017). The prevalence of ADHD in humans is higher than the prevalence of 

OCD, varying between 5-10%, with higher rates of diagnoses in children than 

in adults (Faraone et al., 2005; Kessler, Adler, et al., 2006; Polanczyk et al., 

2007). The prevalence rates of both disorders in humans are thus lower than 

the prevalence rates of repetitive and ADHD-like behaviour observed in dogs 

in this thesis. However, considerable differences and variation in the 

reported rates in dogs and humans have been suggested to occur due to the 

scope of behaviours considered as compulsive or hyperactive/impulsive and 

inattentive (Dinwoodie et al., 2019). The varying methods used in the studies 

may cause differences as well. Although the prevalences of unwanted 

behavioural traits were higher in dogs than the prevalence of human 

disorders, paralleling the results of Study I, the prevalence of OCD in 

humans is lower than the prevalence of many other anxiety disorders 

(Somers et al., 2006). 

Dog breeds showed considerable behavioural differences (Studies I, II, 

and III). First, behaviours were studied without environmental factors 

(Study I), and then using more advanced models (Studies II and III). 

Differences between breeds were still seen after the inclusion of 

environmental and behavioural factors in the models (Studies II and III, 

(Hakanen et al., 2020; Mikkola et al., 2021; Puurunen et al., 2020)). These 

results demonstrate that, in addition to external features, dog breeds differ 

behaviourally as well. 

Hyperactivity/impulsivity, inattention, and repetitive behaviour were 

analyzed in more than 20 different breeds, and considerable breed 

differences were found in all traits (Studies II and III). The highest 

hyperactivity/impulsivity scores were observed in Cairn Terriers, Jack 

Russell Terriers, and German Shepherd Dogs, whereas the lowest scores 

were detected in Chihuahuas, Rough Collies, and Chinese Crested Dogs. In 

inattention, Cairn Terriers, Golden Retrievers, and Finnish Lapponian Dogs 

had the highest scores, and Border Collies, Poodles, and Spanish Water Dogs 

had the lowest scores. Traditionally, high activity, impulsivity and attention 

are appreciated in working dog breeds, such as German Shepherd Dogs and 

Border Collies, as these traits maximise their working abilities. Higher 

attention spans and higher reactivity has led to better trainability and 

working ability in many working dog breeds (Gerencsér et al., 2018). By 

contrast, many breeds which are now preferred as pets or show dogs, such as 

Chihuahuas and Chinese Crested Dogs, are usually less active and impulsive, 

as a lack of high levels of these traits makes them easier companions in a less 

active lifestyle. However, inattention may have become more common in 

these pet dog breeds, since the ability to concentrate is not considered as 

important as in working dog breeds. Selective breeding of dogs by humans 

has shaped their breed-typical behaviour (Svartberg, 2006; Vaysse et al., 
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2011); thus, different behavioural traits have become increasingly common in 

breeds used for particular purposes.  

German Shepherd Dogs, Chinese Crested Dogs, Pembroke Welsh Corgis, 

Medium size Spitz, and Staffordshire Bull Terriers had the highest 

probabilities of repetitive behaviour (Study III). In studies I and III, 

German Shepherd Dogs were reported to show the highest amount of 

repetitive behaviour, which agrees with a previous study indicating that 

German Shepherd Dogs were at increased risk of obsessive behaviour (Col et 

al., 2016). Even more notable is that in Study I, when different subtraits of 

repetitive behaviours were examined separately, breed differences varied 

between different repetitive behaviours. A particular repetitive behaviour can 

be very common in one breed, while in other breeds, the behaviour is never 

or rarely seen. For example, Staffordshire Bull Terriers had a high prevalence 

of tail chasing. In contrast, Border Collies showed a very high prevalence of 

compulsive staring and fly snapping. This is also an indication that certain 

behaviours have become more common and dominant in certain breeds, as 

different dog breeds have breed-typical characteristics and functional 

purposes. Border Collies were originally bred to herd sheep by staring, and 

even though dogs have to be trained to herd, the behaviour itself appears to 

be innate (McConnell & Baylis, 1985). Previous studies have also recognised 

certain breeds as more susceptible to specific repetitive behaviours than 

others (Burn, 2011; Dodman et al., 2010; Luescher, 2003; Rusbridge, 2005; 

Wrzosek et al., 2015). 

When comparing the results of Studies I, II, and III with previous 

studies, many breed differences are consistent, but some differences can also 

be observed. However, the results of the different studies are based on the 

breeds available for a specific study cohort. In addition, in many studies, only 

a particular subtrait of a behavioural trait was studied. Thus, it is important 

to note that it may be difficult to compare the findings of different studies. In 

other traits, breed-specific differences strongly agreed with previous studies 

regarding fearfulness (Bamberger & Houpt, 2006; Dinwoodie et al., 2019; 

Edwards et al., 2019; Serpell & Duffy, 2016; Starling et al., 2013; Svartberg, 

2006; Temesi et al., 2014), noise sensitivity (Blackwell et al., 2013; Col et al., 

2016; Storengen & Lingaas, 2015; Tiira et al., 2016), aggression (Bamberger 

& Houpt, 2006; Dinwoodie et al., 2019; Flint et al., 2017; Hsu & Sun, 2010; 

McGreevy et al., 2013; Serpell & Duffy, 2016; Takeuchi et al., 2001; Tiira et 

al., 2016), and separation-related behaviour (Takeuchi et al., 2001).  

Based on these results, breeds indeed show differences in their behaviour, 

and these differences persisted even when demographic, environmental, and 

behavioural variables were included in the statistical models. Previous 

studies have indicated similar results even when using different methods or 

different questionnaires. These findings on breed differences indicate that 

behavioural traits have a genetic basis. 
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6.2 CORRELATING BEHAVIOURAL FACTORS 

Many behavioural traits correlated with each other (Study I). Fear and noise 

sensitivity were the most common comorbidities. This was likely due to their 

high prevalence in the study population. The association of these traits has 

also been discovered in previous studies (Blackwell et al., 2013; Storengen & 

Lingaas, 2015; Tiira et al., 2016). When the risk ratios in comorbid traits 

were compared, the highest risk ratios were seen between 

hyperactivity/impulsivity, inattention, repetitive behaviour and separation-

related behaviour, and between fear and aggression. The association between 

fear and aggression has also been observed in previous studies (Bamberger & 

Houpt, 2006; Dinwoodie et al., 2019; Flint et al., 2017; Tiira et al., 2016), 

indicating that fear can provoke aggression. Fear-based aggression is one of 

the most common types of aggression in dogs (Hasiri et al., 2013). The 

connection between hyperactivity/impulsivity, repetitive behaviour and 

separation-related behaviour is interesting but needs further research, as 

separation-related problems have not been previously linked with the former 

traits.  

Many of the detected comorbidities persisted even when controlling for 

demographic and environmental factors in more advanced multivariate 

models (Studies II and III). ADHD-like behaviour scores were higher in 

dogs with high levels of repetitive behaviour, aggressiveness, and fearfulness 

(Study II). The probability of repetitive behaviour also increased with 

increasing levels of hyperactivity/impulsivity, inattention, and 

aggressiveness (Study III). A connection between increased probability of 

repetitive behaviour and high aggressiveness is supported by many previous 

canine studies (Moon-Fanelli et al., 2011; Overall & Dunham, 2002) but one 

study found an opposite association (Tiira et al., 2012).  The link between 

repetitive behaviour and aggressiveness has also been reported in other 

animals, such as cats (Ahola et al., 2017) and rhesus macaques (Vandeleest et 

al., 2011). A connection between impulsivity and aggression in dogs has been 

noted for a long time (Amat et al., 2013; Dinwoodie et al., 2019; Peremans et 

al., 2003; Reisner et al., 1996). A recent study also discovered a connection 

between fearfulness and hyperactivity and between repetitive behaviour and 

hyperactivity (Dinwoodie et al., 2019). The previous observation and the 

same comorbidity observed in this thesis give a reason to speculate whether 

repetitive behaviour patterns are simply bursts of energy or real signs of 

abnormal repetitive behaviour. In addition, an association between 

impulsivity and other unspecified behavioural problems has been reported 

(Wright et al., 2011). Inattention has been less studied in dogs and there are 

no previous results of similar findings reported in this thesis. 

These findings agree with current literature on human ADHD and OCD 

and their behavioural comorbidities. Paralleling the results reported in this 

thesis, in humans, ADHD has several behavioural comorbidities, such as 

autism spectrum disorder, learning impairments, anxiety, and mood 
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disorders (Gallo & Posner, 2016; Kooij et al., 2019; Sayal et al., 2018). 

Furthermore, OCD and ADHD are highly comorbid in humans, and both 

conditions share a number of the same symptoms, such as impaired 

inhibitory control and deficit in executive function (Brem et al., 2014; Kooij 

et al., 2019; Milad & Rauch, 2012; Nakao et al., 2014; Norman et al., 2016; 

Tripp & Wickens, 2009). The occurrence of aggression is common in both 

compulsive and impulsive disorders, and impulsive or reactive aggression 

has long been linked with both OCD (Hollander, 1999) and ADHD (Cherek et 

al., 1997; Haller, 2013; Rosell & Siever, 2015; Waltes et al., 2016). The 

comorbid association between ADHD-like behaviour, repetitive behaviour, 

aggressiveness, and fearfulness likely results from partially shared 

underlying neurobiological pathways and brain structures involved in these 

traits. They may also share some common genetic factors. Deficits in the 

frontostriatal circuit and abnormal levels of activation in, for example, the 

prefrontal cortex (PCF), anterior cingulate cortex (ACC), and striatum are 

associated with ADHD and impulsive behaviour (Kooij et al., 2019; Sharma & 

Couture, 2014; Tripp & Wickens, 2009). Similarly, in OCD patients, brain 

activity in frontostriatal regions is abnormal and involves the striatum, PFC, 

and ACC (Del Casale et al., 2011; Langen et al., 2011; Milad & Rauch, 2012; 

Nakao et al., 2014). In addition to ADHD and OCD, the brain reward system 

is involved in aggressiveness, and similarly, neurological pathways connect to 

PFC and striatum (Rosell & Siever, 2015; Waltes et al., 2016). In the end, the 

activity in the PFC, and ACC is also associated with fear and anxiety 

(DeYoung, 2010; Tovote et al., 2015), linking all these traits together. Taken 

together, it appears that these behaviours have partially overlapping 

neurobiology, indicating that the comorbidities could be explained by 

dysfunctions in shared brain pathways, which may be caused by partially 

similar genetic factors. 

6.3 DEMOGRAPHIC RISK FACTORS OF UNWANTED 
BEHAVIOURS 

Many of the demographic factors examined in Studies I, II, and III were 

associated with behavioural traits in dogs. Most unwanted behaviours were 

age-dependent (Study I). Hyperactivity/impulsivity, inattention, tail 

chasing, self-biting, and separation-related problems destroying/urinating 

when alone were most common in young dogs. Fearfulness was most 

common in dogs aged 4-8 years. Aggression, noise sensitivity and fear of 

surfaces/heights were most common in older dogs. These results agree with 

previous findings of age-dependent differences in dogs with respect to 

hyperactivity/impulsivity (Kubinyi et al., 2009; Ley et al., 2009; Lit et al., 

2010; Wright et al., 2011), inattention (Ley et al., 2009; Lit et al., 2010; Vas 

et al., 2007), aggression (Hsu & Sun, 2010; Khoshnegah et al., 2011), and 

noise sensitivity (Blackwell et al., 2013; Storengen & Lingaas, 2015; Tiira & 
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Lohi, 2015). When controlling for other variables (Studies II and III), the 

same age-related differences were still seen for ADHD-like behaviours. When 

all repetitive behaviours were combined, repetitive behaviour was most 

common in young dogs but was also common in elderly dogs. Temporary tail 

chasing is typical for puppies but sometimes continues after puppyhood. 

Typical onset of tail chasing is at the age of 3-6 months (Moon-Fanelli et al., 

2011; Tiira et al., 2012). Sometimes, senior dogs show behaviours similar to 

repetitive behaviours. Increases in repetitive behaviours in older dogs may be 

explained by canine cognitive dysfunction, which exhibits symptoms 

resembling those of dementia or Alzheimer’s disease in humans, causing 

repetitive behaviours (such as licking, inattentiveness, or staring). However, 

this is a consequence of a progressive neurological disorder (Mihevc & 

Majdic, 2019).  

The prevalence of unwanted behaviours also differed between sexes. 

Female dogs were fearful more often than male dogs. Instead, males 

displayed more frequent hyperactivity/impulsivity, inattention, 

aggressiveness, and separation-related behaviour. The results mostly agree 

with previous results regarding sex differences. Female dogs have shown to 

be more fearful (Bamberger & Houpt, 2006; Kubinyi et al., 2009; Starling et 

al., 2013; Temesi et al., 2014; Tiira & Lohi, 2015), and males to be more 

aggressive (Bamberger & Houpt, 2006; Chopik & Weaver, 2019; Col et al., 

2016; Dinwoodie et al., 2019; Flint et al., 2017; Hsu & Sun, 2010; Takeuchi et 

al., 2001). Previous studies have found no significant difference between the 

sexes in hyperactivity/impulsivity and inattention (Tonoike et al., 2015; 

Wright et al., 2011) or have indicated that females are more 

hyperactive/impulsive (Lit et al., 2010). In this thesis, sex differences were 

not found in repetitive behaviour (Studies I and III), although previous 

studies have suggested obsessive-compulsive disorder to be more common in 

male dogs compared to females (Overall & Dunham, 2002) with males 

having a slightly higher probability of tail chasing than females in Bull 

Terriers (Moon-Fanelli et al., 2011). Instead, a higher probability of repetitive 

behaviour was observed in neutered dogs than in intact dogs, contradicting 

the findings of a previous study (Tiira et al., 2012). However, low levels of 

ovarian hormones have worsened the symptoms of repetitive behaviours in 

other animals (Fernández-Guasti et al., 2006; Flaisher-Grinberg et al., 

2009), which could explain the prevalence of such behaviours in dogs as well. 

On the whole, it is hard to say whether repetitive behaviour is more common 

in neutered dogs, as owners of dogs with repetitive behaviours may be more 

likely to neuter their dogs because of unwanted behaviour. 

Higher hyperactivity/impulsivity scores were more often found in 

medium-sized and large dogs than in small dogs (Study II). Previously, 

small dogs have been suggested to be more impulsive (Wright et al., 2011), 

but this was assumed to result from multiple active small terrier breeds being 

in this size group. Similarly, the observed association between higher 

impulsivity and medium body size could be explained by several medium-
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sized working dog breeds being included in the study. These are breeds with 

increased activity, alertness, and vigilance, and the traits are favoured in 

breeding to maximise their properties as working dogs (Overall, 2000). 

When the model was adjusted for body size, the most hyperactive/impulsive 

breeds included dogs from all sizes, and many breeds differed significantly 

from each other. This means that breed differences are not explained only by 

their size differences, and this result also indicates a genetic basis of 

hyperactivity/impulsivity. 

Age- and sex-related differences observed in humans are very similar to 

the findings observed in dogs in this thesis. Like many unwanted behaviours 

in dogs, most anxiety disorders, such as social phobia, specific phobias, and 

separation anxiety disorder, appear in humans during childhood (De Lijster 

et al., 2017). Just as repetitive behaviour is common in both young dogs and 

older dogs, human OCD has a bimodal age distribution, with the first peak in 

adolescence and a second in early adulthood (Delorme et al., 2005). 

However, in contrast to the findings in dogs, the prevalence of intermittent 

explosive disorder decreases with age in humans (Kessler et al., 2005), while 

the prevalence of aggression in dogs increases with age. Like fearfulness in 

dogs, anxiety disorders are more common in women than in men (Kessler et 

al., 2005; Somers et al., 2006). In addition, similar to findings in dogs, in 

humans, ADHD symptoms typically appear in childhood and are more 

common in boys than in girls (Polanczyk et al., 2007; Sayal et al., 2018). 

Symptoms of ADHD present differently in girls, who show less visible signs 

of ADHD (Newcorn et al., 2001) and are harder to identify. Girls are more 

often diagnosed with the predominantly inattentive subtype of ADHD 

(Biederman et al., 2012) and are also suggested to require an increased 

burden of genetic risk to exhibit ADHD (Martin et al., 2018).The role of 

steroid hormones can also be a possible explanation, as exposure to high 

levels of testosterone during gestation might affect the dopaminergic system, 

potentially predisposing boys to ADHD (Martel et al., 2009; Waddell & 

McCarthy, 2012). Reasons for the sex differences in humans are still 

uncertain, and in dogs, the effects of prenatal hormones have not yet been 

studied at all.   

6.4 ENVIRONMENTAL RISK FACTORS OF ADHD-LIKE 
AND REPETITIVE BEHAVIOUR 

Many environmental factors were associated with ADHD-like and repetitive 

behaviours (Studies II and III). Low daily exercise was associated with a 

higher hyperactivity/impulsivity score and an increased probability of 

repetitive behaviour, and rare participation in activities and training was 

associated with a higher inattention score. A previous study indicated that 

dogs that spend less time inside were more active than dogs that spend more 

time indoors (Ley et al., 2009). However, the study also found a significant 
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positive correlation between dogs’ age and time spent inside, which can 

reflect the fact that older dogs usually spent more time indoors than young 

dogs. Only one previous study has suggested that repetitive behaviour might 

result from a lack of activities, exercise, or stimulation (Burn, 2011) whereas 

in many studies, inattention has been less reported in dogs that are trained 

frequently than in dogs trained less frequently (Kubinyi et al., 2012; Lit et al., 

2010; Vas et al., 2007). It is widely known that exercise and enrichment are 

good ways to fulfil species-specific needs and avoid frustration in dogs. 

Exercise has also been recommended as a behaviour modification technique 

(Luescher, 2003; Polanczyk et al., 2007). Dogs that get more exercise and 

participate more frequently in activities and training have a possibility of 

releasing their energy and frustration in a controlled manner. Thus, having 

limited opportunities to release energy and reduce activity levels and 

frustration can sometimes lead to high levels of hyperactivity/impulsivity, 

inattention, and repetitive behaviours. However, training inattentive dogs 

with difficulties in concentration can also be unpleasant and unrewarding. 

Thus, owners of inattentive dogs may avoid training them. In humans, 

physical activity can be used as a treatment to improve stress resilience and 

decrease anxiety (Stubbs et al., 2017), and in children with ADHD, physical 

exercise can relieve the symptoms of hyperactivity, impulsivity and 

inattention (Cerrillo-Urbina et al., 2015; Zang, 2019). In dogs, an active and 

social lifestyle improves the quality of life and wellbeing. 

Repetitive behaviour was more common in dogs that were their owners’ 

first dogs. A predictable, stress-free living environment may decrease canine 

compulsive disorders (Tynes & Sinn, 2014). More experienced owners may 

be more consistent in their activities and training, which can reduce stress, 

potentially explaining a higher probability of repetitive behaviours in dogs of 

inexperienced owners. 

In contrast, hyperactivity/impulsivity was more common in dogs that 

were not their owners’ first dogs. It is common for people to try to choose an 

easy dog as their first dog. Usually these are dogs from less active breeds. 

People may try to engage in dog sports and different hobbies with their first 

dogs, and in that way, become more skillful in handling and training dogs. 

Dog breeds that are more active and more athletic are usually more 

challenging, but are also more successful in dog sports, and people may value 

these characteristics in their next dogs. It is also possible that after having 

one dog, dog owners are more experienced and can better recognise different 

and potentially harmful behaviours, such as hyperactivity/impulsivity, 

inattention, and repetitive behaviours. This may also explain why repetitive 

behaviours are more common in first dogs, as their owners may not 

recognise abnormal repetitive behaviour as early as experienced owners, and 

canine repetitive behaviours are more likely to persist with repetition (Tynes 

& Sinn, 2014). Previous studies have also found an association between an 

owner’s experience with dogs and problem behaviours, such as aggressive 

behaviour (Jagoe & Serpell, 1996; Mikkola et al., 2021; Serpell & Duffy, 2016) 
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and fear (Hakanen et al., 2020; Jagoe & Serpell, 1996; Serpell & Duffy, 

2016), which refers to the higher risk of behaviour disorders in first dogs. 

However, with no previous results indicating similar associations, the 

possible relationships between owner experience and the traits studied in 

this thesis are only speculations.  

Sometimes, stress and frustration can erupt as unwanted behaviours in 

dogs. Dogs that spend more time alone daily had higher ADHD-like 

behaviour scores than dogs that spend less time alone. As social animals, 

dogs can become stressed or frustrated when left alone for a long time. 

Although most dogs rest when left alone, more extended social isolation can 

turn into as more energetic behaviour and greater physical activity when the 

owner returns. A previous study found that after a longer separation time, 

dogs offered more intense greeting behaviours with a higher frequency of 

physical activity and attention behaviour (Rehn & Keeling, 2011). This 

supports the observed effect due to time left alone. However, dogs spending 

more time alone can also otherwise get less attention and exercise from their 

owners. 

Repetitive behaviours were more common in dogs living without other 

dogs in the same househould than in dogs living with conspecifics. A 

previous study of Bull Terriers found similar results: dogs living with many 

other dogs chased their tails less often than dogs living alone or with fewer 

dogs (Tiira et al., 2012). Similarly, in sheep (Ovis aries), single-housed sheep 

suffered from stereotypies more often than group-housed sheep (Marsden & 

Wood-Gush, 1986). Previously, it has been suggested that conspecifics in the 

same household may reduce frustration and boredom, which are potential 

risk factors for repetitive behaviours, supporting the results of Study III. 

Dogs living in two-person households or larger families had a higher 

probability of repetitive behaviour than dogs living in single-person 

households. Only contrasting results have previously been presented. In 

Staffordshire Bull Terriers, dogs living in households with more children 

showed less tail chasing than dogs living with fewer or no children (Tiira et 

al., 2012). The study also found no association between tail chasing and the 

number of adults in the household. However, the finding of an association 

between family size and canine repetitive behaviours could also be explained 

by the aforementioned stress-related association (Tynes & Sinn, 2014). A 

multi-person living environment is potentially noisier and busier, and thus 

more stressful. This can predispose individuals to display repetitive 

behaviour. Another possible hypothesis is that in single-person households, 

owners can spend more time with their dogs and give them more undivided 

attention, such as through playtime, petting, and exercise, which can also 

reduce stress. As no previous results report a similar association with the 

results of Study III, the possible relationship between these factors needs to 

be further validated. 

In this thesis, many potentially stress-related environmental factors were 

associated with ADHD-like behaviour and repetitive behaviours in dogs. In 
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humans, there is no clinical research evidence that stress in itself can trigger 

ADHD or OCD, but it is known that ADHD and OCD symptoms are 

associated with stress. An association between ADHD and stress has been 

reported, especially in adults who primarily have the inattentive presentation 

of ADHD (Combs et al., 2015). Chronic stress can worsen ADHD symptoms 

and affect the brain’s ability to function by causing chemical and 

architectural changes in the brain. Stress can affect the prefrontal cortex, 

which is the same part of the brain affected by ADHD (Arnsten, 2015). 

Therefore, stress and ADHD may cause similar symptoms. It has also been 

found that the number of stressful events experienced in childhood were 

associated with increased levels of ADHD symptoms (Humphreys et al., 

2019). Many studies suggest that there is a positive association between 

stressful events and OCD (Cromer et al., 2007; Real et al., 2011; Rosso et al., 

2012), and that a higher frequency of stressful events precedes OCD onset 

(Gothelf et al., 2004; Sarkhel et al., 2011), although there are also 

inconsistencies between studies (Vidal-Ribas et al., 2015). Dogs living 

without conspecifics showed more repetitive behaviours. Likewise, mental 

health problems are more common in humans living alone (Jacob Id et al., 

2019; Tamminen et al., 2019). Loneliness is also a risk factor for other 

diseases, such as cardiovascular diseases and Alzheimer’s disease, and also 

increases mortality (Hawkley & Cacioppo, 2010). Loneliness-related 

alterations in hypothalamic pituitary adrenal (HPA) activity may have an 

effect on the risk of mental disorders (Hawkley & Cacioppo, 2010). As such, 

social isolation can cause stress in humans as well as in dogs. Dysfunction of 

the HPA-axis and impaired stress responses have also been observed among 

OCD patients (Sousa-Lima et al., 2019). 

Behaviour can have a direct impact on welfare. It is commonly known that 

ADHD and other mental disorders weaken welfare (The Brainstorm 

Consortium, 2018). Additionally, connections between stress and mental 

health conditions predispose individuals to health problems, as stress can 

cause, for example, depression, immune dysfunction, and cardiovascular 

disease, and lead to the exacerbation of inflammatory diseases (Cohen et al., 

2007; Glaser & Kiecolt-Glaser, 2005; Miller et al., 2008; Schneiderman et al., 

2005). 

 

6.5 SERUM METABOLIC CHARACTERISTICS OF ADHD-
LIKE BEHAVIOUR  

Metabolomics is systematic study of all chemical processes regarding small-

molecule metabolites present in biological systems (Beger et al., 2016). As 

metabolites reflect underlying biochemical activity, metabolomics represents 

the molecular phenotype. Metabolomics might provide information about 

disease mechanisms and affected molecular pathways. Thus, metabolomic 
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approaches may be useful for the research of complex diseases. Metabolic 

profiles of canine behavioural disorders are still poorly studied, but findings 

could help facilitate disorder diagnostics and management. 

Twenty-seven metabolites correlated with at least one of the three ADHD-

like behavioural scores (total, inattention, impulsivity) (Study IV). 

Significant associations were observed between canine ADHD-like behaviour 

and both tryptophan metabolites and plasma phospholipid abundances. 

The three most interesting metabolites in the tryptophan pathway were 

IPA, IAA, and KYNA. IPA and IAA levels correlated negatively with ADHD-

like behavioural scores, whereas KYNA had a positive correlation with the 

behavioural variables. There are different metabolic pathways for dietary 

tryptophan, such as kynurenine pathway, which is the major tryptophan 

degradation pathway, and serotonin pathway (Keszthelyi et al., 2009). KYNA 

is produced in the kynurenine pathway of tryptophan metabolism (Myint & 

Kim, 2014; Zunszain et al., 2012). Altered levels of KYNA have been 

associated with mental health disorders such as schizophrenia (Schwarcz et 

al., 2012) and depression (Myint et al., 2007). KYNA is considered a 

neuroprotective metabolite (Lugo-Huitrón et al., 2011). However, elevated 

KYNA levels in the central nervous system (CNS) may disturb cholinergic, 

dopaminergic, and glutamatergic neurotransmission, which are important 

neurotransmitter systems in ADHD (Schwarcz et al., 2012). The finding that 

dogs with more intense ADHD-like behaviour had higher KYNA levels 

contradicts the findings of the previous human studies. Previous studies 

showed that paediatric and adult ADHD patients had decreased serum KYNA 

levels (Aarsland et al., 2015; Evangelisti et al., 2017). Although KYNA is 

mainly produced via tryptophan catabolism in various tissues, enteric 

bacteria in the intestines can also convert dietary tryptophan into KYNA (Kuc 

et al., 2008; W. Wu et al., 2013). Possible causes for higher plasma KYNA 

levels may be the increased bacterial production of KYNA in the intestines 

and the increased catabolism of tryptophan via the kynurenine pathway in 

the tissues, which can be activated, for example, by inflammation or 

oxidative stress (Patrick & Ames, 2015). This could lead to the depletion of 

tryptophan available for transport into the brain for serotonin synthesis. 

Serotonin has an important role in the brain as a neurotransmitter regulating 

impulsivity and social behaviour (Banerjee & Nandagopal, 2015). 

Interestingly, in previous studies both human ADHD patients and dogs with 

ADHD-like behaviour were reported to have decreased serotonin levels 

(Banerjee & Nandagopal, 2015; Wright et al., 2012b). Therefore, the positive 

association between the KYNA levels and ADHD-like behaviour in dogs in 

Study IV indirectly refers to decreased serotonin levels in dogs with higher 

ADHD-like behavioural scores. 

IPA and IIA are or can be produced from tryptophan by gut bacteria 

(Attwood et al., 2006; Russell et al., 2013; Wikoff et al., 2009; Zhang & 

Davies, 2016), suggesting possible changes of gut microbiota and altered 

tryptophan metabolism in dogs with ADHD-like behaviour. Diet and thus 
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dietary intake of tryptophan were same in dogs with and without ADHD-like 

behaviour. Strong evidence suggests bidirectional communication between 

the gut microbiome and the nervous and the immune systems (Collins et al., 

2012; De Theije et al., 2014; Petra et al., 2015). IPA is able to cross the 

blood–brain barrier (BBB) and is shown to have neuroprotective effects in 

the central nervous system (Zhang & Davies, 2016). Thus, it is possible that 

lower IPA levels predispose dogs to neurological and behavioural 

abnormalities due to oxidative stress. Another possibility is that ADHD-like 

behaviour causes stress, which may lead to altered gut microbiota, resulting 

in changed plasma IPA. It has been suggested that disturbances in the gut 

microbiota influence ADHD development via the gut-brain axis (Cenit et al., 

2017). The previous observations that the gut microbiota influences the gut-

brain axis have linked the role of disturbances in the gut microbiota in many 

neurosychiatric disorders, such as depression, schizophrenia, and autism 

(Petra et al., 2015; Socała et al., 2021). 

In addition, a disturbed phospholipid metabolism was observed in dogs 

with hyperactivity/impulsivity. There was a negative association between 

ADHD-like behaviour and fifteen phospholipids. Phospholipids are key 

components of cell membranes, and they have many regulatory functions 

(Conquer et al., 2000; Harayama & Riezman, 2018; Müller et al., 2015). They 

also act as signalling molecules and have an important role in the brain 

(Conquer et al., 2000). Consequently, lower amounts of plasma 

phospholipids may negatively affect the physiology and behaviour of dogs 

with more intense ADHD-like behaviour. 

Phospholipids are composed of a hydrophilic head, including a phosphate 

group combined with a characteristic head group and a hydrophobic tail 

consisting of fatty acids (Alberts et al., 2002). It has been suggested that 

there is a linkage between lipids and psychiatric disorders, and altered 

phospholipid and fatty acid levels have been linked with both anxiety and 

ADHD (Antalis et al., 2006; Hennebelle et al., 2014; Müller et al., 2015). In 

humans, the role of lipids and fatty acids seem to be important, especially in 

ADHD. Many studies have reported reduced proportions of polyunsaturated 

fatty acids (PUFAs), especially omega-3 PUFAs, such as eicosapentaenoic 

acid (EPA; 20:5 n-3) and docosahexaenoic acid (DHA; 22:6 n-3), in plasma 

lipids in children and adults with ADHD (Chen et al., 2004; Hawkey & Nigg, 

2014; Stevens et al., 1995; Widenhorn-Müller et al., 2014; Young et al., 

2004). Studies in rodents, have suggested that Omega-3 PUFA deficiency is 

associated with disturbed dopaminergic neurotransmission with subsequent 

abnormalities in attention and behaviour (Francès et al., 1995; Zimmer et al., 

1998). This potentially explains the association between ADHD and reduced 

omega-3 PUFA levels. 

The results of Study IV cannot be directly compared with findings of 

anxiety and ADHD studies in humans and rodents, but suggest that 

abnormalities in phospholipid metabolism could also contribute to canine 

ADHD-like behaviours. The abnormalities can be derived from the 
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breakdown or synthesis of phospholipids or in the intestinal absorption of 

dietary fatty acids, but in the context of this study, the causes and effects of 

these findings can only be speculated. 

In conclusion, the identified candidate metabolites associated with 

ADHD-like behaviour indicate alterations in tryptophan and phospholipid 

metabolism in dogs. The same pathways have been presented in human 

ADHD (Aarsland et al., 2015; Antalis et al., 2006; Spahis et al., 2008; 

Stevens et al., 1995; Widenhorn-Müller et al., 2014). However, a larger 

replication study in dogs is needed prior to further conclusions of the 

metabolic similarity of human and canine ADHD models. Finally, based on 

these results, specific metabolic profiles are characteristic of dogs with 

ADHD-like behaviours, providing novel insights into the etiology of canine 

ADHD-like behaviour. Despite the small sample size of this study, the results 

are exciting and generate an interesting new research hypothesis. 

6.6 DOGS AS MODELS FOR HUMAN PSYCHIATRIC 
DISORDERS 

The findings of this thesis are partially similar to findings of human 

psychiatric studies. Many observed factors which influence canine ADHD-

like behaviour, such as behavioural comorbidities, altered metabolic factors, 

and more common prevalence in young individuals and in males, have also 

been reported in human ADHD (Antalis et al., 2006; Brem et al., 2014; 

Polanczyk et al., 2007; Sayal et al., 2018). A number of factors, including 

maternal stress and smoking during pregnancy, low birthweight, exposure to 

environmental toxins, early social deprivation, family conflict, early life 

stress, and nutritional factors, have been associated with ADHD in humans 

(Sciberras et al., 2017; Thapar et al., 2013; Thapar & Cooper, 2016). 

It should be noted that there are no existing studies that investigate the 

environmental factors associated specifically with ADHD-like behaviour in 

dogs, making the comparison between studies challenging. Thus, many 

findings that are related to ADHD-like behaviour in dogs in this thesis are 

very new, still unexplored information, and well-designed future studies are 

needed to corroborate that canine ADHD-like behaviour could be a good 

candidate for ADHD research. 

Based on the findings of Study III, a conclusion that canine repetitive 

behaviour is comparable to OCD cannot be drawn. One reason for these 

differing results may be the varying research methods used in canine and 

human studies. However, some correspondences, such as bimodal age 

distribution and behavioural comordities, were found. Furthermore, a large 

number of previous studies are indicative of similarities between human 

OCD and canine repetitive behaviours. These similarities include early age of 

onset (Flament et al., 1988; Nestadt et al., 2000; Overall & Dunham, 2002; 

Tiira et al., 2012), behavioural inflexibility resulting from executive function 
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impairment (Protopopova et al., 2014; Snyder et al., 2015; Valerius et al., 

2008), structural abnormalities in the same brain regions (Norman et al., 

2016; Ogata et al., 2013), increased blood cholesterol levels (Yalcin et al., 

2009), imbalanced serotonergic and dopaminergic pathways (Brem et al., 

2014; Vermeire et al., 2012), and similar pharmacological and non-

pharmacological interventions for treatment (Irimajiri et al., 2009; Moon-

Fanelli et al., 2011; Tynes & Sinn, 2014; Yalcin et al., 2009). Contrasting with 

the former similarities, an opposite point of view has also been presented 

(Walsh, 2021). After all, due to numerous similarities, it appears that canine 

compulsive disorder, which is characterised by abnormal repetitive 

behaviours, could be analogous, or possibly even homologous to OCD, and it 

has been proposed as a model for human OCD (Overall, 2000; Stein et al., 

1994).  

Based on the findings of Study II, some dog breeds could be suitable 

models for future studies on ADHD-like behaviour. Due to the different 

presentations of ADHD, different breeds may be useful models for different 

presentations. For example, Cairn Terriers had high scores in both 

hyperactivity/impulsivity and inattention traits and also displayed comorbid 

repetitive and aggressive behaviours. Thus, they could serve as a suitable 

model for ADHD. A good model for predominantly hyperactive/impulsive 

presentation could be the Spanish Water Dog, a breed with a low inattention 

score but a high hyperactivity/impulsivity score, together with comorbidities, 

such as fearfulness. Correspondingly, a suitable model for predominantly 

inattentive presentation could be a breed with a high inattention score but a 

low hyperactivity/impulsivity score, together with fearfulness, aggression 

and repetitive behaviour. The Chinese Crested Dog matches this profile. By 

contrast, the Labrador Retriever had low scores in both traits and showed 

comorbid behaviours very rarely. Studies within dog breeds would help 

reveal the genetic and biological factors associated with 

hyperactivity/impulsivity and inattention. 

In Studies I and III, many repetitive behaviours were breed-specific, 

and certain breeds showed the specific behaviour more often than other 

breeds, thus making them more vulnerable to specific behaviours. Because of 

these breed-specific differences, suitable breeds for studying a particular 

repetitive behaviour should be chosen by the prevalence of the trait within a 

breed. For example, based on the results of this thesis and the results from 

previous studies, German Shepherd Dogs or Staffordshire Bull Terriers could 

be potential models for tail chasing. Border Collies could be suitable models 

for staring or fly snapping/light chasing. Although repetitive behaviours are 

not rare in general, separate behaviours can be, and large breed-specific 

cohorts are needed in order to gather reliable data. As different forms of 

repetitive behaviour may have a different neurobiological basis (Tynes & 

Sinn, 2014), in the future, it would be beneficial to examine subtraits 

separately. Despite different factors being involved in different forms of OCD 

and canine compulsive disorder, it can be suggested that different 
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compulsions also overlap and share biological aetiologies and common 

genetic factors (Moon-Fanelli et al., 2011; Overall & Dunham, 2002; Tiira et 

al., 2012). For example, the gene area earlier linked to flank sucking (CDH2) 

in Doberman Pinchers (Moon-Fanelli et al., 2011) is suggested to be 

associated with tail chasing in Belgian Shepherd Malinois (Cao et al., 2014).  

In future studies, it should be ensured that the research methods used can 

be comparable between human and canine studies. Questionnaires are 

widely utilised in both species, but a more comprehensive clinical definition 

is needed in dogs. Unwanted behaviours in dogs can be caused by pain and 

health issues (Mills et al., 2020). Information about dogs’ health was not 

collected in these studies. Thus, individuals with possible health problems 

could not be identified. Certain risk factors of repetitive behaviour can also 

be linked to each other, and repetitive behaviours may sometimes be difficult 

to distinguish from other behaviours, confounding the results. Therefore, a 

diagnosis of a behavioural disorder should include an examination by a 

veterinarian and blood tests with in order to exclude the possibilities of pain 

and other conditions that could have an effect on behaviour. The causality of 

the detected associations cannot be concluded because of the cross-sectional 

type of research in dogs. In research on human ADHD and OCD, longitudinal 

studies have been used to examine the causal effects, and similar approaches 

should be included in dog studies as well. In addition, genetic and epigenetic 

studies in dogs would provide novel insights into the development of the 

disorders profiting both humans and dogs. 

When comparing the results of this thesis to human discoveries and the 

results of previous studies, it can be seen that behaviour shares a common 

biological background in dogs and humans. Thus, dogs can be natural, 

spontaneous animal models for many behaviour-related traits. The use of 

dogs as an animal model for psychiatric disorders could reveal novel insights 

into the potential genetic and environmental factors of behaviour and 

neuropsychiatric disorders. After all, due to their unique population history 

and simplified genetic architecture, dogs provide a potential model for 

genetic research. 

 

6.7 LIMITATIONS OF THE STUDIES 

The studies in this thesis have some not previously highlighted limitations 

which also deserve to be discussed. 

First, it should be noted that the data is a self-selected convenience 

sample and may not represent the overall Finnish dog population. This 

should be noted when considering the prevalences in Study I, as well as risk 

factors observed in Studies II and III. 

Second, a notable limitation in Study IV was the sample size, which was 

too small for conclusive results. Additionally, some dogs failed the fasting 
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requirement, and time of sampling varied from daytime to evening. In future 

metabolic studies, these factors should be less variable to better control 

possible variations due to diet and circadian rhythm. 

Third, some differences were observed between the results of these 

studies and previous studies. Possible reasons for the differing results can be 

differences in the study samples, in the study design, or in the methods. 

Fourth, it should be noted that there are some limitations to using dogs as 

a model for humans. It is difficult to phenotype dog behavioural traits, partly 

because behaviour is almost always influenced by the environment. We 

cannot read a dog’s mind or ask them questions as we would humans in 

human study. The respondent is always a dog’s owner, carer, or someone else 

observing the dog’s behaviour. Using objective methods to evaluate 

behaviours is often the best strategy, as the more objective the assessment, 

the more likely it is to identify underlying genetic patterns. The studies in 

this thesis are based on a questionnaire, and dog owners’ participation was 

voluntary. Questionnaires can be an effective way to collect data, but they can 

also be subjective based on owners’ perceptions of their dogs’ behaviour. 

Results can be affected if perceptions of the dogs’ behaviour differ between 

owners of different dogs. It is also possible that some questions are 

understood differently and do not measure the thing they are meant to 

measure. However, the original questionnaire measuring ADHD-like 

behaviour in dogs by Vas et al. (2007) has later been validated (Bunford et 

al., 2019). Additionally, the recent study showed that the questionnaire 

sections utilised to measure the traits studied in this thesis (except for 

repetitive behaviour) are reliable and valid measures of unwanted behaviours 

in dogs (Salonen et al., 2021).  

Finally, it is relevant to question how suitable the diagnostic criteria 

developed for humans are for other mammals, especially for dogs. For 

example, in humans, it is not always easy to draw the line between ADHD 

and other psychiatric disorders, and in children, the diagnoses do not often 

markedly differ from each other. Difficulties with impulse control, 

aggressiveness, and symptoms of ADHD are often overlapping. For example, 

externalising problems, psychological symptoms characterised by behaviours 

directed outwards towards an individual's environment, often co-occur with 

ADHD (Kuja-Halkola et al., 2015). It is very likely that in dogs, it is also 

challenging to draw the lines between different behavioural problems. 

Researchers should carefully speculate whether the ADHD-like behaviour in 

the dogs studied in this thesis is comparable to ADHD or externalising 

behaviour problems. Similarly, repetitive behaviour patterns of dogs might 

be symptoms of other behavioural disorders, such as autism spectrum 

disorders, which can include repetitive behaviour patterns. Because of the 

complexity of many psychiatric disorders, symptoms are often due to the co-

occurence of more than one disorder. Just as in humans, comorbidities can 

also complicate the identification of the disorder in dogs too. 
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7 CONCLUSIONS 

The existing information on specific canine behavioural traits and underlying 

risk factors is still incoherent, as there are few studies that focus on specific 

behavioural traits. This doctoral thesis improves the understanding of canine 

behavioural disorders on many levels by examining the prevalence, 

comorbidity, breed-specificity, and risk factors that influence canine 

behaviour, especially for two specific traits: canine ADHD-like behaviour and 

repetitive behaviour. This thesis hypothesised that dogs could be suitable 

models for human neuropsychiatric disorders, and corroborated this 

hypothesis by indicating many similarities between canine and human 

disorders. 

The exceptionally large behavioural data of pet dogs convinced us that 

many unwanted behaviours in dogs show high prevalence, which makes it 

outstandingly important to better understand these behaviours. It is known 

that both genes and environment shape behaviour. As these studies 

specifically highlighted several demographic, environmental, behavioural, 

and metabolic factors, they can benefit future studies, which, in turn, can 

utilise these findings in genetic research. The results of these studies revealed 

many previously unknown associations and replicated the findings of 

previous studies, indicating the usefulness of the selected questionnaire 

approach. 

One of the most significant findings of this thesis was that behavioural 

factors showed high comorbidity with each other. Strong correlations 

between ADHD-like behaviour, repetitive behaviours, and aggressiveness 

were found in three different studies, and these persisted even when 

environmental factors were included in the models. This indicates, at least 

partly, shared neurobiological pathways and brain structures between these 

traits. Several environmental factors were associated with both ADHD-like 

behaviour and repetitive behaviour, demonstrating potential risk factors 

which may predispose a dog to those disorders. Conversely, these results 

make it possible to keep those risk factors in mind in order to avoid 

predisposing factors and increase the factors that support a dog’s wellbeing. 

Dog breeds showed remarkable differences in behavioural traits, and 

interestingly, hyperactivity/impulsivity was common in working dog breeds 

and inattention in breeds favoured as pets. Similarly, certain breeds were 

more vulnerable to specific repetitive behaviours than others. Breed-specific 

differences indicate that these behavioural traits have a genetic basis, 

underlining the importance of well-designed breeding selections. 

In addition, specific blood metabolite profiles were associated with 

ADHD-like behaviour. These unique findings show that metabolic alterations 

might play an important role in canine behavioural disorders and provide 

novel insights into the etiology of canine ADHD-like behaviour. 
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Dogs are one of the most popular pets in the world. Unfortunately, 

problem behaviours, which can lead to welfare issues and weaken the dog-

owner relationship, are also common in dogs. With the aid of information 

provided by this and earlier studies, dogs with extensive behavioural 

problems can be recognised early and kept out of breeding pools to decrease 

the prevalence of unwanted behaviours.  

Like behavioural problems in dogs, psychiatric disorders in humans are 

among the most common health issues affecting public health. As indicated 

in this thesis, dogs spontaneously display behaviours similar to psychiatric 

disorders in humans, providing a suitable animal model for human 

psychiatric research.  

Taken together, the interdisciplinary benefits of these studies are 

remarkable. When the results of this thesis are compared to human 

discoveries, many findings are partially similar with the findings of human 

psychiatric studies. The findings related to environmental and molecular risk 

factors presented in this thesis have a great potential to increase our 

understanding of the nature of behavioural traits of dogs. This enables the 

development of more efficient diagnostics and treatments to improve the 

health and quality of life of both dogs and humans. Understanding the 

factors that affect canine ADHD-like behaviour, repetitive behaviour, and 

other unwanted behaviours can benefit not only dogs but also research on 

human psychiatric disorders. 
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