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The main goal of this thesis was to examine the relationship between thyroid hormone and problematic 

behaviow of the domestic dog C o M M I t Axziiises speciGcally on the relationship between thyroid 

function, stress and the incidence of dog behavionr disorders, as anecdotal evidence put forward by 

veterinary clinicians I as suggested that altered thyroid state is linked to canine aggression. 

The behaviour patten: i of a clinical population of 82 dogs diagnosed with a behaviour disorder were 

measured in both fami liar and imfamiliar environments in order to establish a representative record of their 

behaviomral repertoii The observed behaviour patterns and clinical diagnoses were then compared to the 

dogs' thyroid status, i: a separate study, the behaviour, diyroid hormones and plasma Cortisol titres of 11 

dogs with problematic rjshaviour was monitored for a twelve-week period during the implementation of 

behaviour modificatic:, programmes. Lastly, the incidence of behaviour disorders in a population of 218 

dogs with difTerent prcllles of thyroid function was also examined. 

A relationship was toimd between thyroxine and the incidence of aggressive behaviour in dogs; however 

this relationship indicaied that a low level of thyroxine was associated with low rather than high levels of 

aggression. Reduced iuvels of thyroid hormone were generally associated with reduced behavioural 

activity, both directly observed and as reported by owners. Reporting of separation related disorders was 

reduced in the antibody positive forms of hypothyroidism, probably due to a reduction in overall activity, 

whilst training disorders and coprophagia were associated with the sub clinical form of hypothyroidism, 

possibly mediated through stress hormones. 

Reduced thyroid Amotion appears to be associated with inactive behaviour patterns, which is consistent 

with the observation that the principal symptom of hypothyroidism is lethargy. The findings of this thesis 

do not support proposal that lowered thyroid fimction is related to aggressive behaviour in the dog. The 

link between behaviour, thyroid hormone titre and Cortisol was explored, but insufficient physiological 

data was available and this connection warrants further investigation. 

Comparisons of diagnoses by three clinicians of 15 cases 6om the clinical population indicated onK' 60% 

agreement, pointing to a need for a more transparent and consistent system for the classification of 

behavioural disorders in dogs. 
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1.1 Rationale 

Each, year, thousands of dogs in the UK are euthanised because they exhibit behaviour patterns that 

are considered unacceptable by their owners. In a 12-month study, Stead (1982) found that 39% of 

dogs' euthanised at veterinary clinics in Scotland were physically healthy, and Podberscek (1997) 

states that the most common reason for the abandonment or euthanasia, of pets is due to the exhibition 

of inappropriate or unacceptable behaviour. Behaviour disorders have a range of causes, but are 

frequently motivated by 6ar, anxiety or stress, for which treatment can be complex (Overall 1997). 

The veterinary literature suggests that hypodiyroidism (insuGBcient production of active thyroid 

hormone) is the most common endocrine disease in dogs (Swenson and Reece 1993; Turner 1994; 

Behrend aZ. 1998 Over the past 20 years, both veterinarians and behaviourists have suggested that 

hypothyroidism coui: oe a cause of canine aggression. The late Tobjom Owren, veterinarian and 

behaviourist, was the +irst to describe his observations of the association between aggressive 

behaviour patterns an:) hypothyroidism in the dog (Scott 1999). However, none of his Endings were 

published and the relationship between hypothyroidism and clinical aggression has been relatively 

une]q)lored. 

Behaviour has long been used as an indicator of canine physical health (Gerzovich 1995) but there is 

often insufScient integration of veterinary and behavioural approaches when investigating the cause 

of behaviour disorder. In order to deduce the relationship between hypothyroidism and dog 

behaviour, interdisciplinary communication among veterinarians, behavioural practitioners and 

research scientists is laquired. 

This thesis takes a multidisciplinary approach and describes an applied research project which aims to 

deduce associations between dog behaviour and the development of hj'pothyroidism, with the 

ultimate aim of improving the welfare of dogs. Each chapter aims to answer one question pertaining 

to the association between hypothyroidism and behavioural change. To introduce the relevance of 

each research question I wiH initially review the literature on canine behaviour disorders (Section 

1.2), how behaviour and hormone levels are related (Section 1.3) and the relevance of stress 

physiology (Section 1.4). As this research is based in the disciplines of both ethology and 

endocrinology, the rudiments of behavioural endocrinology (Section 1.3) are also considered, and in 

particular that ofthe thyroid gland (Section 1.3.2); i.e., how thyroid malfimction can be related to 

behaviour disorders and the welfare imphcations associated with such conditions. Due to the limited 

research on the relationship between hypothyroidism and behaviour in non-human mammals, a 

comparative approach, where taken, will draw- reference to research in human rather than veterinar}' 

medicine. 



Thus, the biological pathways linked with hypothyroidism (Section 1.6). and behavioural changes 

associated with altered th)Toid function (Section 1.7) as well as the welfare implications of 

hypothyroidism and behavioural change (Section 1.8) will also be reviewed. An overvievt' and a 

research outline end the introduction (Section 1.9). 

1.2 Canine behaviour and behaviour disorders 

1.2.1 The value of canine ethological research 

The association between man and dog has been long and varied; dogs have, and still do, fulfil 

numerous roles in human society (Clutton-Brock 1995). Given this lomg-term close association 

between dogs and humans, interspecific communication is well developed (O'Farrell 1996); however, 

frequent misunderstandings do still occur (Rooney er aZ. 2001). Research into canine behaviour is 

essential for the effective comprehension and therefore improvement of interspecific communication 

and the preservation of amicable social bonds between humans and dogs. Thus, the domestication of 

the dog, the dog owner relationship, and what happens when this relationship goes wrong will all be 

considered further. 

1.2.2 The domestication and evolution of the dog 

Archaeological evidence indicates that the dog was domesticated 12,000 years ago (Clutton-Brock 

1988); however, recent mitochondrial DNA evidence suggests that dogs may have diverged jfrom the 

wolf (Canis lupus) more than 100,000 years ago (Vila et al. 1997). The dog's closest relatives are 

considered to be the wolf, golden jackal (C. aureus) and the coyote (C. latrans). Although the dog 

can mate with all of these canids and produce fertile offspring, mitochondrial DNA implicates the 

wolf as the sole ancestor of the dog (Vila et al 1997). In addition to genetic evidence, both the wolf 

and the dog have very similar laryngeal anatomy and vocal capabilities. The varieties of dog breeds 

that exist today do not originate 6om the same sub-species of wolf (Clutton-Brock 1988). Several 

distinct types of dog have been identified from fossils, dating back to the Bronze Age c.4500BC; the 

Indian wolf (C. Zwjczvj' the Chinese wolf (C, cAonco) the European wolf (C. Zz^uf) and 

the North American wolf (C. ZwjM/j) are all considered to be ancestors of dogs (Clutton Brock 1995). 

There is no absolute consensus as to how dogs were domesticated, but three majn ideas exist. The 

5rst suggests that the puppies of wild canids were stolen and bonded to tribeswomen as they suckled 

at the breasts of lactating mothers (Thurston 1996). The second theory suggests that dogs were 

domesticated by scavenging near villages (Zeuner 1963). The dogs could have been encouraged, as 

their presence would have had several advantages for the humans. For example, dogs would have 

kept the settlement clean in their consumption of human f^ces, would have vocalised at the approach 

of strangers and these dogs could also have been a valuable source of meat and fiir in times of need 



(Seipell 1995), An associatioii witli humans has played a vital role in canine evolution (Feddersen 

1991) as the third theory: of domestication refers to a time when people adapted to a more settled 

existence, with the planting of crops and storage of graia and the development of tools into 

catapulting and bow and arrows types, leading to the commencement of hunting. Dogs then became a 

very valuable commodity as they could be trained and used for tasks, such as the retrieval of prey. 

However, it is possible that all three methods of domestication may have occurred at different times 

(Serpen 1995). 

Domestication has resulted in alterations to canine morphology, physiology and behaviour (Hafez 

1969), This is due to natural genetic mutation and selective breeding by humans, which have 

produced the breeds that exist today (Chitton-Brock 1988). Domestication has led to both 

intensification and inhibition of particular behaviour patterns through such selective breeding (Fox 

1976) and in some instances humans have taken the selection of dog breeds to extreme, for aesthetic 

and/or behavioural purposes. Selective breeding has resulted in health problems for specific breeds, 

for example, nasal congestion in the Bulldog due to the shortened snout, and the inability to 

thermoregulate efficiently in the Old English Sheepdog due to its very dense coat (Sylvester 1982). 

In some countries where the number of individuals of certain breeds is low, it has been diGRcult for 

breeders to avoid matzng close relatives and carriers of deleterious genes (McGreevy and Nicholas 

1999). Behaviourally, too, there are obstacles, as selective breeding for purely aesthetic purposes has 

resulted in changes in morphology which can impede eSective interspeciSc and intraspeciGc 

communication systems, and this can be a cause of inappropriate behaviour. For example, the 

'perfect double curl' in the tail of a Pug makes canine communication difficult. 

Of the dogs euthanised due to behaviour disorders, the majority were as a result of inappropriate 

aggression. In cases where dogs have been bred for heightened aggressive tendencies (e.g. the Pit 

Bull Terrier), this also has consequences for the safety of humans. An inappropriately aggressive dog 

is a problem because of the damage that it can cause to human beings, other animals (Podberscek 

1991), property and to itself. McGreevy and Nicholas (1999) theorise that selecting for the absence 

of speciSc behaviour disorders such as separation anxiety, one may inadvertently select fbr another 

behaviour disorder such as dominance a^ession because behaviour patterns are the consequence of 

underlying traits triggered by stimuli from their external environment. 

Today the dog continues to be a valuable resource throughout the world as it retains its multiphcit)' of 

uses, for exan^le in hunting, shepherding, guarding, tracking, rehgious worship (Thurston 1996), 

witchcraft, scientific research and also assistance roles that include forewarning of seizure onset in 

people with epilepsy. However, the dog's primary role today is as our companion and pet. 



1.2.3 The human - canine ibomwi 

Hisiorically dogs may have been chosen as pets because the}' were able to transfer their normal social 

attachments to man and behave towards him in a manner that he interpreted to be Msndly, 

aSectionate and companionable (Messsnt and SerpeH 1981). Dogs also remain in the vicinit}.of 

loimans vfbiKyatth^xcKxaijKHrtedierhHfiircjdierresaricdcKKL, andcbsplayrsagpaaLsincHcajivet̂ f 

rncGivatioiKd state ^KbiUidajfamd Slater 1983) ib^picalhfiniEipKTaedccyrrectly Iby humans (FLgnre 1.1). 

Sazaniasioii 

Figure 1.1 Behaviour patterns of the dog (Overall 1997) 



Today just under 50% of UK households own. a. pet, the second most numerous is the dog (Anon. 

2002). It has been suggested that owning a dog can have advantageous eSects on the health of 

owners. For example, pets can assist in child development, helping children to build confidence and 

aiding cognitive development (Poresky and Hendrix 1988). Pet ownership can also have beneScial 

eSects on elderly people living alone (Robinson 1995). Pet-owning elderly people have been shown 

to experience less depression following the death of a spouse (Garrity ef aZ. 1989), exhibit less stress 

(Allen gf a/. 1991; Wilson 1991) and take less medication than non-pet owners (Robinson 1995). 

Other physiological and psychological beneSts have also been suggested to be associated with dog 

ownership. Dog owners are said to experience less anxiety, which helps to maintain an effective 

immune system, and they may therefore have a decreased risk of contracting diseases such as eczema, 

colds, coronary heart disease, headaches, hypertension, impotence, stomach ulcers and cancer (Eraser 

1991; Biswas and Ahmedzai 1992; Robinson 1995), all of which are associated with a stressful 

lifestyle. 

Due to the close association between owners and pets, ioterspeciSc and intraspeciSc 

misunderstandings occur which may threaten the agreeable dog-owner relationship. Dogs require the 

cohesion of a predictable social group and when owners cease to provide such an environment, 

behaviour disorders can occur. At its most serious, abnormal unacceptable behaviour can be life 

threatening for the dog in the sense that if it cannot be tolerated, euthanasia is the owner's only option 

(O'Farrell 1996). 

1.2,4 Dog behavioural development 

Behaviour can be affected by a number of variables including the environment, physiology, 

experience, learning and genetic predisposition of the dog (Borchelt and Voith 1986), A very 

significant period of learning occurs between the fourth and the fourteenth week of life and is termed 

the Socialisation Period (Fox and Stelzner 1966). Behaviour disorders including a heightened fear 

response due to an aversive experience, or anxiety due to the anticipation of an aversive stimulus are 

the most common sort seen by behaviour counsellors. These are largely influenced by previous 

learning experiences and particularly by ineSective socialisation during a puppy's socialisation period 

(Appleby gf a/. 2002). The peak of the socialisatioa period is generally accepted as between six and 

eight weeks of age, and during this period the puppy learns to accept the stimuli in its environment as 

normal. This is therefore considered as the best time to remove a puppy 6om its litter (Sco# and 

Fuller 1965), enabling the puppy to become familiar with the environment and people that it will be 

with as an adult. The socialisation period is important &om a clinical standpoint in that whatever 

stimuh the puppy is not exposed to during this period is more Ukely to trigger a fear response in 

adulthood (Houpt 1998). 



1.2.5 Dog behaviom" disorders 

Today, many people keep dogs strictly as companion animals ratlier than for protection or other 

functional purposes; as a result there is increased necessity for the behaviour of the dog to be socially 

acceptable. Misunderstandings occur because owners often regard their dog as an honorary human 

member of the family and e^gect it to assume social responsibilities to match that position (Wilbur 

1976). 

Mugfbrd (1981) describes a behaviour disorder as consisting of behaviours that do not fiilfl 

"'reasonable" human expectations. Owren and Matre (1994 p,50S ) define behaviour problems as 

types of behaviour that are, "a fowrce q / " o W fAg ow/Mg/-, fAg or ofAeM ZM fAg 

g.yra6Z/f However, as the terminology "rgayoMaZ'/g " and owrcg ffrazM " mentioned in 

these definitions respectively can be considered vague and ambiguous, I would suggest that any 

behaviour pattern exhibited by a dog, and considered as a problem by its owner, is a behaviour 

disorder. This deSnition Sts the selection criteria I have used in recruiting a sample of dogs with 

behaviour disorders. However, it should be noted that within a population of dogs with behaviour 

disorders there are subpopulations of dogs that are showing normal behaviour patterns which are 

inappropriately directed and considered unacceptable by thdr owners, e.g., mounting people and 

digging on the lawn, and those behaviour disorders that are often motivated by fear and anxiety, e.g., 

aggression and separation related disorders. 

Behaviour disorders include separation related behaviour, training problemis, phobias, stereotypies 

and play related disorders all of which shall be defined. Additionally, the most common behaviour 

disorder is aggression which shall be considered further due to its multifactorial causes and because 

aggressive behaviour has been linked to abnormal thyroid function and is therefore of particular 

relevance. Although the behaviour disorders are considered individually it should be noted that this 

list is neither mutually exclusive nor exhaustive. 

Separation related behaviour refers to a particular set of behaviour patterns that occur exclusively 

when a dog is left alone. These include destructive chewing, excessive vocalising, digging, 

consumption of non-fbodstuSs, urination and/or defecation, panting or drooling, and may also include 

aggressive behaviour patterns directed towards the owner on leaving their dog. These behaviours can 

have varied motivations, such as: over attachment to owners; lack of habituation to separation from 

members of their social group; f ^ of speciSc stimuli (such as noises) that generalise to a particular 

context; and operant learning, where the dog's behaviour is successful in controlling their owner's 

behaviour. 

Training problems are deSned as any normal dog behaviour patterns that occur inappropriately, or 

any desired behaviour not readily carried out by the dog on command. Training problems can include 



loss of toilet training, chewing, pulling on the lead and not retuming to the owner when called 

Phobias can be deGned as excessive or extreme fear responses to stimuli and phobic responses often 

involve whining, panting, shaking, running or hiding in response to particular stimuli. Phobias are 

often elicited by loud noises but can also result 6om stimuli such as unfkmihar people, insects, hot air 

balloons or other speciGc contexts. Stereotypies are defined as repetitive behaviour patterns with no 

obvious function (Beaver 1994), e.g., flank sucking, tail chasing and fly snapping. Beaver (1994) 

siygre&bthal stEnaotMpiesiievelop as a laoping strategy during chatHiKsaÛ f stressful situations. IPLiy 

related disorders are poorly signalled inappropriate behaviour patterns that occur during bouts of play 

e.g., aggressive behaviour during periods of play. 

The deSnition of aggression varies with authors (Berkowitz 1962; KaujBnann 1965; Montagu 1966; 

Welch 1969) probably because its motivation is multifactorial (Washburn and Hamburg 1968). 

Argyle (1975 p.220-221) maintains, zf fAe ZMMOfe fo affocA; 

compe tition for resources'' and Frederiksen and Gerald (1977) discuss various methods of defining 

aggression. However, Moyer (1976) refers to aggression as overt behaviour involving intent to inflict 

noxious stimulation or to behave destructively toward another organism; this can be direct or indirect 

towards inanimate objects, and can only be described as aggression if frustration or aversive 

stimulation is involved. Several overlapping types of aggressive behaviour disorders are recognised: 

these include conGdent, predatory, territorial, possessive/protective, fear-induced, play related, 

interspeciSc/intraspeciGc and learned aggression. In a clinical setting however, aggression most often 

occurs as a consequence of fearfulness. 

ConGdoot aggression (Figure 1.1) has often been e^glained using theories of dominance relationships, 

but this may not be a sound approach since the function of dominance relationships in social groups is 

to assure social stability and prevent fighting (Lorenz 1966; Candland et al. 1970; Johnson 1972; 

Bradshaw 1995; Drews 1993). Line and Voith (1986) suggest that dominant dogs are predominantly 

male purebreds. although a subject that is dominant in every situation is exceptional (Fonberg 1988). 

Non-confrontational behaviour modiGcation programmes are elective in reducing owner directed 

confidence aggression (Dodman et al 1996; Cameron 1997; Uchida et al. 1997). 

Predatory "aggression" is characterised by hunbng or stalking postures. Archer (1976) suggests that 

predator)^ aggression is motivated differently 6om any other fbnn of aggressive behaviour, as it is not 

derived &om intraspeciGc aggression; and has a diGkrent fimction for the animal. One prediction of 

this idea is that no warning should be given since this would assist the prey to escape, which diSsrs 

from intraspeciSc forms of aggression where warnings are important to reduce the chance of overt 

aggressive behaviour. Predatory aggression can be directed to any living organism or inanimate 

object. 



Territoriai aggression is shown when the dog's area is invaded, with warning signs iisnaDy given 

before an attack. Territorial aggression can occur at home and possibly when out on walks, especially 

if the dog feels that the owner is part of its own territory and is regularly taken to the same area for 

exercise. 

Possessive and protective aggression occurs in situatians when a dog may appear to feel a threat to its 

resources (food, toy or owner) and can therefore become protective, or may also be aggressive to 

people that the owner tries to talk to on the street. This type of aggression may be linked to 

dominance aggression (Borchelt 1983; OTarrell 1996), but is more commonly associated with a fear 

response as a consequence of inconsistent owner behaviour. 

Fear induced aggression is hallmarked by fearful behaviour patterns (e.g., ears and tail down, sn^s 

and withdraws; Figure 1.1) this is a normal response in an animal that feels threatened or unable to 

escape. 

Play aggression is heavily signalled. The play bow is a ^ i c a l posture seen in these cases and dogs 

will often perform this behaviour before launching an attack. Metacommunication, such as grinning, 

growling and barking is &equently displayed. 

Aggressive behaviour can be directed interspecificaHy or intraspeciGcally, i.e., aggression directed 

towards any individual of another species, and aggression directed to members of the same species, 

respectively. Learning plays an important part in the development of aggressive behaviour, as on 

every occasion in which the display of aggressive behaviour is successful at resolving a situation, it is 

more likely to be selected as a behavioural strategy on future occasions. 

The serious consequences of in^propriate aggression make it very relevant both to the weHiare of 

dogs and to public safely, and therefbre these shall be considered Authier. Animal bites were 

estimated to be the fourth leading cause of death in children in the USA (Underman 1987) and Beck 

(1975) found that there are one million dog bites every year in the USA. Dog bites directed to adults 

are more often directed towards males than females (Podberscek and Blackshaw 1990). Three out of 

forty dog bites result in death, AAy months is the median age of victims, and tLe face and head are the 

areas of the body most commonly bitten (Brogan gf a/. 1993). Aggressive dogs are more likely to be 

euthanised, particularly if they are aggressive to their owners (Damlger-Lund and Brabtbo-Sorenson 

1997). 

1.2.6 The classiScation of behaviour disorders 

The problems inherent in attempting to classify' behaviour disorders are that they can only be 

characterised and understood relative to the environment in which they occur (Askew 1996). 



However, mimerous attempts have been made to classif}' camme behaiaour patterns (Hart 1974: Houpt 

1979: Stanford 1981; Beaver 1983; Borchek 1983; Borchelt and Voith 1982; Blackshaw 1991; 

Feddersen 1991; Bebak and Beck 1993; Overall 1993; Podberscek and SeipeU 1996; Seipell 1995; 

Polsk}' 1996). all of which are aimed at developing a system of deGning problem behaviour that can 

be universally apphed and assist in the application of suitable treatment protocols. Alternative 

methods of classifying behaviour disorders have been based on Ihe type of treatment, the specific 

environmental cues, the type of training required, and the type of learning associated with the disorder 

(Ralston 1982; Askew 1996). In addition to the classification systems suggested in scientific papers 

and popular literature there are also those used by associations promoting the use of companion 

animal behaviour therapy such aa the Association of Pet Behaviour Counsellors (APBC) and the UK 

Registry of Canine Behaviourists. 

1.2 .7 Behaviour modification 

Behaviour modification is the process by which the behaviour of a pet can be manipulated to modifS' 

or eliminate a particular problematic behaviour pattern (Mugford 1981), utilising the principles of 

learning. Reinforcers are used to encourage or discourage particular behaviour patterns of w îch 

there are two types, positive reinfbrcers and negative reinfbrcers. A positive reinforcer is a reward 

given for the occurrence of the required behaviour pattern. A negative reinfbrcer is the removal of an 

unwanted factor to increase the probability of the required behavioural response (Beaver 1994). For 

example, aggression can be modiGed by learning (Barash 1982), and positive and negative 

reinforcement increase and inhibit aggressive behaviour patterns respectively (Berkowitz and Frodi 

1977). The manner of learning can include habituation, extinction, desensitisation, counter-

conditioning, flooding, and avoidance/aversive conditioning (Overall 1997). As these methods are 

relevant to several areas of this thesis, these procedures are summarised here. 

Habituation involves repeated presentation of a low intensity or low salience stimulus until the 

stimulus no longer results in a response. Extinction refers to the decrease of a behaviour patterns over 

time due to the withdrawal of all forms of reinforcement. Desensitisation is the process by which an 

association is weakened and the animal becomes less behaviourally reactive due to gradual exposure 

to the stimulus previously eliciting the undesired behavioural response. Counter-conditioning is the 

method by which an animal is taught an alternative behaviour that is incompatible to the previous 

undesirable behaviour. Flooding overlaps with habituation in that repeated presentation of the 

stimulus is involved, however, flooding involves the continuous (rather than recurring) application of 

stimuli to an animal at such a level that it causes a behavioural response with the aim of allowing the 

animal to adapt to the stimulus over time. Aversive conditioning is a form of learning that leads to 

the avoidance of a place or object due to association with a previous aversive experience. Generally, 

responsible clinicians advise the use of positive reinforcement techniques in behaviour modification 
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coimtegroductive in the training of dogs (Hiby ef a/. 2002). 

Treatment for aggressive behaviour in mammals has included surgical procedures to lesion areas of 

the brain (Arons and Shoemaker 1992), autonomic denervation, drug therapy and hormone treatments 

(Moyer 1971). However, in dogs, aggressive behaviour can usually be influenced by behaviour 

therapy and some authors have suggested technigues involving positive reinforcement (Dodman ef aZ. 

1996) and punishment (Houpt 1983), which has been found to be successful. Most clinicians 

endeavour to take an owner's attitude into account when devising a treatnient programme (OTarrell 

1997), and a fuH veterinary examination should be completed in order to rule out any medical causes 

of aggressive behaviour (CampbeU 1992). 

Learnt 6ctors aSect behavioural responses indq)endently of hormonal status (Beikowitz 1962), and 

Scott and Frericson (1951) held that all aggression is learnt (or due to frustration activities) and that 

the learnt component may override any hormonal activity. For example, mice mẑ cw/wa') trained 

to fight, sdH continued to 5ght after castration (Beeman 1947). Although hormones do not normally 

initiate behaviour, hormones can create the physiological environments that influence the threshold at 

which particular behaviour patterns may occur or be inhibited (McFarland 1981). I shall now 

consider the relationship between behaviour and hormones in further depth. 

1.3 Behavioural endocrinology 

Behavioural endocrinology has its origins in anatomy, physiology, entomology, zoology and 

psychology (Beach 1975). Behavioural endocrinologists are interested in how physiological changes, 

and in particular hormonal fluctuations, may alter behaviour, as well as how behaviour may influence 

the efficacy of hormones. The link between behaviour patterns and physiology is not always obvious. 

For example, on exposure to a predator, sheep will adopt a rigid stance (tonic immobiHty), This was 

anecdotally considered to be disinterest toward the predator on the part of the sheep. However, on 

further examinatian and measurement of ovine Cortisol it appears that the sheq) is preparing itself for 

physical activity. Chronic exposure to the stress hormones produced from such preparation can be 

considered to be adverse and stressful (Archer 1976). This example emphasises the ingaortance that 

physiological Endings can have when used in coryunction with behavioural observations. Examining 

behaviour is a valuable method of studying physiological processes (Barr a/. 1976) as neither 

behavioural nor physiological investigations alone will give a full picture of the cognitive state of the 

animal. Additionally, behavioural parameters often have the advantage of providing non-invasive 

measures of stress (Beerda 2000a). 

i l 



Multidisciplinan' approaches that utilise endocrinological methodologies should lead to advances in 

the understanding of biological stress and animal well being (Matteri er a/. 2000) as every aspect of 

behaviour should theoretically be resolvable into physiological neurological and endocrinological 

factors (Kuo 1960). 

Some endocrine hormones are known to influence mammalian behaviour directly (Carlson 1998) i.e.. 

the sex honnones and the glucocorticoids mediated by the hypothalamic-pituitan'-gonadal (HPG) axis 

and the hypothalamic-pituitary-adrenal (HPA) axis respectively. The HPA axis is one of the main 

mediators of the physiological stress response, contributing to the endocrine response to emotional 

arousal (Manser 1992). The activation of the HPG axis produces the sex hormones, all of which af^ct 

the sexual behaviour of mammals (Drickamer gf orA 1996). This has been utilised in the treatment of 

some sexually related behaviour disorders with drugs that manipulate the balance of the sex hormones 

(Blackshaw 1985), Measurement of Cortisol and behaviour has been found to be useAil for screening 

rescue dogs for the likelihood of showing behaviour problems on re-homing (Hennessy e/1?/. 2001). 

1.3.1 Hormonal control of behaviour 

In the study of mammalian behavioural endocrinology: the HPG and HPA pathways are knoAvn to 

directly aflbct behaviour patterns, but there is no evidence to suggest that other hormones, including 

those produced by the thyroid gland, have such a direct influence on discrete patterns of behaviour 

(Dewsbury 1978; Leshner 1978; Hart 1985). The assunq)tion that thyroid hormones can aflect 

particular behaviour patterns is derived Grom the observation that thyroid replacement therapy has 

assisted in the resolution of behaviour disorders that are associated with underlying hypothyroidism, 

in single case studies (Dodds 1992, Dodds 1996; Dodman 1995). However, this evidence of a 

response to therapy, and a correlation between behaviour patterns and thyroid hormone titre, does not 

necessarily prove a cause and efkct relationship. Therefore it is my aim to consider whether the 

thyroid status influences behaviour patterns, or whether behavioural change is related to changes in 

thyroid fimction. To investigate this I shall review thyroid fimction and consider some current 

catisative theories/possible mechanisms for the relationship between thyroid hormone and behaviour 

1.3.2 The physiology of the mammalian thyroid gland 

The mammalian thyroid is an endocrine gland comprised of two lobes situated either side of the 

larynx (Figure 1.2). It produces thyroxine (T4) and triiodothyronine (T3) in which iodine is 

covalently bound. The thyroid hormones play a role in the control of metabohsm. effective growth 

and control of reproduction and lactation. Thyroid fimction is controlled by the hypothalamic-

pituitary- thyroid-extrathyroid (HPT) axis (Figure 1,3), which is assumed to be similar in the dog to 

that in man (Chastain and Ganjan 1986). The neurones in the tliyrotrophic area of the hypothalamus 

secrete thyTotrophin-releasing hormone (TRH). This is carried via the hy^iophyseal portal system to 

the anterior pituitai]' and leads to tonic production of thyroid stimulating hormone (TSH), TSH acts 
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stages of thyroid hormone production to increase activity. This system is conDroiled by a negative 

feedback mechanism, which is under direct control of TSH and the activation of T3 on tbyrotrophm. 

syiOius&K (I^^pire 1.3). 

The thyroid gland can also be autoregulated (unrelated to TSH) by decreased iodide binding to 

thyroglobnlins in times of excess plasma iodide; a process called the Wolff-Chaiko:^ ESect (Chastain 

1990). Decreased iodine will cause an increase in T3 production in relation to T4. The dog thyroid 

gland produces the entire T4 requirement and 40-63% of the T3 requirement. Under certain 

conditions (Figure 1.4) reverse T3 (rT3), is also produced (Drazner 1987). The remainder of T3 and 

rT3 is formed from monodeiodination of T4 in the peripheral tissues. 

Malfunction of the thyroid gland in mammals can result in either hypothyroidism or hyperthyroidism, 

due to insufficient or excess production of thyroxine respectively. However, the incidence of 

hyperthyroidism in the dog is extremely rare (Chastain and Ganjam 1986). In both humans and dogs 

there are several causes of hypothyroidism but it is most often due to malfunctions of the gland or the 

HPT axis. These may include inadequate secretion of TSH, decreased absorption of thyroxine, and 

autoimmune thyroiditis (Section 1.5.1). The types and symptoms of hypothyroidism shall be 

considered further as these axe hypothesised as being associated with behavioural changes in both 

humans and dogs. 

larynx 
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Igure U The normal canine thyroid gland (Turner "1994) 
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Figure 1.3 Regulation of thyroid secretion (Chastain and Ganjan 1986) 
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Figure 1.4 Fasting, anorexia or catabolic Illness suppress 5'-deiodinase reducing serum 13 levels. The 
peripheral eails .metabolic rate is adapted to a state that minimises the loss of protein in periods of caloric 
deprivation or debilitating disease. Serum rT3 concentration may be increased (as shown above), normal, or 
decreased, depending on the severity and duration of the calorie deprivation or disease (Chastain 1990). 



CAopfgr 

1.3.3 Tile idiyroid glaiwl stress aruiirKaibd state hiliuinaiis 

For more than, two centuries, relationships between the thyroid axis and abnormal behavioTir have 

been, suspected in humans and it is now evident that there is a 6ult with the thyroid gland in some 

patients with altered mental state, though the mechanism is unclear (Loosen and Prange 1982; Loosen 

1986; Lesser eZaZ. 1987). Tlie link between psychological &ctors and the thyroid gland may be 

traced back at least to the seventeenth century (Mason 1968), but it was in 1949 that Asher published 

the original paper associating thyroid imbalance with cognitive dysfunction termed "Myxedema 

Madness". Since then it has generally been accepted that depression and behavioural disturbance 

appears to be the most frequent mental state associated with clinical and subclinical hypothyroidism 

in humans (Extein and Gold 1987; Lesser et al. 1987; Nomura 1994; Dom et al. 1996; Lasser and 

Baldessarini 1997; Leo a/. 1997; Stein and Avni 1988; DenicoS"gf aZ. 1990; Sauvage a/. 1998). 

Initial diagnosis of hypothyroidism may be presented with depressive mood state and in some cases 

hyperactivity, irritability, haHucinatioiis, anger, fearAilness, suspicion and bouts of delusion; it has 

also been associated witk aSective disorders, attentian deSdt hyperactivity disorder (ADHD), 

impulsiveness, distractibility, inattentiveness, aggressiveness, intrusiveness and destructiveness (West 

et al 1996). Ciaranello (1993) has questioned whether particular parts of the brain are sensitised to 

thyroid hormones which may cause ADHD, but Whybrow (1996) suggests that the contribution of 

hypothyroidism to psychiatric disability and associated behaviour patterns could be simply due to the 

decreased metabolic state attributable to the hypothyroidism. 

An increased concentration of thyroid hormone does appear to promote the recover}' of depressed 

patients, and thyroid hormones are known to enhance the effects of tricyclic antidepressants (TCAs; 

Extein and Gold 1987; Bauer ei al. 1998; Bommer and Naber 1992). This finding is possibly due to 

the actions of the TCAs on altering iodine capture (Sauvage ef a/. 1998), and it is also possible that 

changes in pituitary - thyroid hormone production might be important in the modulation of mood, as 

the secretion of pituitarj' hormones is regulated by the same neurotransmitters involved in the 

aetiology of psychoses (Whalley 1989). Thyroid function is decreased by stress primarily by 

somatostatin-induced suppression of TRH and TSH secretion, and via the glucocorticoid induced 

blockade of the conversion of the inactive T4 to T3. Pladdi er a/. (1998) suggest that the co-

occurrence of psychiatric and thyroid diseases may be the common result of biochemical 

abnormalities. Thyroid function in humans can be regulated by stimuli other than the circulating 

levels of thyroid hormone (Nicoloff ef aZ. 1970) and changes in catecholamines, thyroid hormones 

and cordsol have been observed in psychiatric patients in particular cases of depression (Rao e/ a/. 

1995), I win review some of the main factors associating the thyroid hormones and psychoses. 

la 



(1) The implication of the nemrotransmitters 
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neurotransmitters, which have both been implicated in the pathology of aggression (Stein and Avni 

1988; Singer ef aA 1995, Reisner 1996) and depression (Cleare ef aZ. 1995). Kirkegaard and Faber 

(1998) hypothesised that depression causes increased levels of T3 associated with increased serotonin 

and therefore an elevation of the dqpressive symptoms. Some evidence suggests thai thyroid 

deficiency attenuates the effects of the catecholamines and that interaction between thyroid hormones 

and catecholamines may underlie the therapeutic eSects of combining thyroid hormones and 

antidepressants (Murray 1991). This is due to the interaction between catecholamine receptors and 

thyroid hormone and has been hypothesised as promoting the remedial effects of thyroid hormone in 

response to antidepressants (DenicoG^e( aZ. 1990). Kirkegaard and Faber (1998) proposed that 

changes in the HPT axis during depression might be explained by cerebral serotonin deficiency and 

that T3 treatment to some degree can revert this deGciency, as the thyroid hormones increase the 

cerebral content of serotonin (Weissel 1999). 

Data derived 6om animal studies indicates that plasma T3 levels determine the T3 concentration in 

the peripheral organs whereas plasma T4 determines the intracellular content of T3 in the brain (Joffe 

and Singer 1990). As T3 and T4 have opposite effects in the brain it is possible that the varying 

levels of these hormones could have diSersntial effects on mood. It has also been suggested that T3 

may alter plasma levels of TCAs and thereby increase their therapeutic eSects (JoSe and Singer 

1990). T3 may have advantageous eGects on the treatment of depression by enhancing noradrenergic 

function through increasing the activity of beta-adrenergic receptors (Joffe et al. 1995). 

(2) The involvement of the glucocorticoids 

Dom and Chrousos (1993) and Sternberg et al (1992) noted that stress increases in depression, and 

increased anxiety and aggression were associated with increased concentrations of Cortisol. In 

contrast, McBumett aZ. (2000) fbund that increased aggression was associated with reduced levels 

of Cortisol. However, hyperactivity of the HP A axis is common in cases of endogenous depression 

(Argue a/. 1987) and results in decreased thyroid hormones (Section 1.6) and several psychiatric 

populations have demonstrated a blunted TSH response (GiUette ez" a/. 1997). 

(3) Further issues 

f zYw/YoT}' fAj/z-ozcf /wfMOwrf could also influence the onset of aggressive behaviours as humans with 

hypothyroidism often show a reduction in their ability to reason (Ettinger 1989), 

j'wAcZjMzcaZ (which has very few symptoms) has been associated ?̂ Tth depression. 

This association could be due to reduced thyroid hormone causing reduced serotonin, and/or 
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disturbances in type II deiodinase, and/oi disturbances hi carrier protein taking T4 to the brain 

(Hendrick ef aZ. 1998). 

7^ gjccgj'j' in the brain is suggested by Jo5e (1990) to cause depression. He argues that as plasma T4 

is the main detenninant of thyroid hormone concentration in the brain, (whereas plasma T3 

determines peripheral thyroid hormone concentration), T3 administration causes a lowering of T4, 

which produces an antidepressant effect. The brain is very sensitive to changes in thyroid hormone 

(Nomura 1994), but evidence that synthesis of the thyroid hormones in. the brain may not parallel 

those in the periphery complicates assessments (Lasser and Baldessarini 1997). 

The thyroid hormones, neurotransmitters and aggression pathways are linked but the detail of this 

association is yet undetermined. No clear relationship between thyroid hormones and noradrenergic 

receptor function has been described that would implicate thyroid illness in the aetiology of phobias 

(Lesser et al. 1987). Although hypothyroidism is associated with depression there is no correlation 

between the level of depression and the amount of thyroid malAmcdoa (JoSe and Sokolov 1994). 

However, the link between aggressive behaviour, depression and abnormal thyroid function may not 

only be due to high Cortisol levels inhibiting thyroid function (Kirkegaard and Caixoll 1980). Stress 

and thyroid function are related, as are stress and aggressive behaviour, and Boissy (1995) suggests 

that animal models are useful in providing homologies. 

1.3.4 The thyroid gland, stress and behavioural change in dogs 

The physiological mechanisms linking the thyroid gland, stress and behavioural change in dogs is 

unclear. Some findings, such as Mason's (1968) research on the psychoendocrine system has, 

focused on the study of laboratory animals exposed to stressful situations. In rats chronic 

defensiveness is isomorphic to symptoms of depression (Blanchard et a/. 1993) and work on dogs and 

other animals demonstrates that increased activity of the thyroid causes increased Central Nervous 

System (CNS) activity which can lead to either a more passive or excitable behaviour dependant on 

the state of the nervous activity (Krushinskii 1960). 

The literature concerning the relationship between thyroid function and the behaviour of the dog is 

sparse. In the past 20 years there have been less than 20 papers that consider the involvement of the 

thyroid hormones in dog behaviour compared to over 500 papers published on the thyroid and mental 

state in the human scientiSc literature. The first paper relating hypothyroidism to the behaviour of the 

dog was written by Reinhard (1978). This paper was entitled 'Aggressive behaviour associated with 

hypothyroidism', and stated, owf o z ' A e r q / 

oeAoMow/" are rare, frgaAng a AgAavyouT-a/ q/ 

aggygj'fzoM". Reinhard (1978 p. 69) also stated that, '"oggT'gJ.y/vg wjwzZZy 

cAaracfgn^Ac q/"f/zzj' /Mgra6oZzc ĉ zforĉ gr". Hypothyroidism can also cause impairment of cerebral 
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funcdon that has previously been reported as a cause of "MczowfMef in the dog (Reinhard 1978) In 

the early eighties, a paper concemiog hypothyroidism in dif&rent breeds was published (Blake and 

Lapinski 1980). This paper made no direct inferences to behaviour, but noted that some breed types 

exhibit more hypothyroidism than others and that this is possibly hereditary. 

The literature then remained sparse for over a decade until Dodds (1992) published a special feature 

entitled 'Thyroid can alter behaviour'. In this article the author suggested fhAt a causal link exists 

between thyroid dysfunction and problem behaviour in dogs, and that irregularity in thyroid 

functioning causes behavioural problems. However, in response. Polsky (1993) expressed his 

reservations that thyroid disorder actually causes behavioural problems. He further suggested that 

behaviour problems co-occurring with hypothyroidism can be manifested as an increased tendency 

for inappropriate aggression, extreme shyness or seizure-like behaviour, but that a causal relationship 

was unlikely due to the lack of a direct effect of thyroid hormones on behaviour (Polsky 1993). Later, 

Dodds (1996) noted that dogs with thyroid disease show aberrant behaviour including aggression, 

anxiety, lethargy, depression and unstable temperament. 

Dodman (1995) described how the use of thyroid replacement therapy produced a subsidence in 

aggressive behaviour (suggesting that the alleviation of the aggressive behaviour was attributable to 

the correction of the thyroid imbalance). However, thyroid replacement therapy has broad effects 

mediated through general metabolism. Gerzovich (1995) suggests that conSdent aggression is more 

likely to be associated with hypothyroidism; these findings were similar to those of Tobjom Owren, 

which were never published (S. Scott pars. comm). In 1997 Gibbs discussed an association between 

hypothyroidism, stress and mental disorders but did not confirm how these were linked in dogs. 

Recently, Scott (1999) wrote an article for the Companion Animal Behaviour Therapy Study Group 

(CABTSG) entitled 'Hypothyroidism and behaviour, the case for further investigations'. However, as 

with previous articles her research is based on single case studies and the use of thyroid replacement 

therapy to correct behaviour problems. 

Other than single case reports associating aggressive behaviour with hypothyroidism, Hamilton-

Andrews (1998) noted a correlation between low thyroid hormones and aberrant behaviour (mainly 

due to noise sensitivity) in the Bearded Collie. However, correlatioii is not evidence of causality and 

there is no evidence to suggest that low thyroid hormone produces aggression in dogs. 

It would ^pear that the subject of hypothyroidism in relation to dog behaviour is deserving of further 

investigation. The existing literature is sparse, speculative and based on single case studies. The 

supposition that the thyroid hormones can control behaviour is largely based upon the observation 

that thyroid replacement therapy assists in the correction of behaviour problems. As yet, there is no 

evidence to suggest that the thyroid hormones are causally linked to the behaviour of dogs. Treatment 



with thyroid replacement therapy, even if successfuL will aKect several other hormonal pathways due 

to feedback mechanisms and is therefore not direct evidence of a link. However, clinical obser^'ations 

provide more than anecdotal evidence of a relationsh^ between hypothyroidism and behaviour 

problems and in particular with aggressive behaviour. But, do the thyroid hormones control . 

behaviour patterns? Or, does behaviour (via motivational and stress factors) affect the concentration 

of thyroid hormones? In order to resolve this ambiguity, it is necessary to review the physiology of 

the thyroid and of canine hypothyroidism, and also to consider some current causative theories 

pertaining to the mechanisms by which mental state/behavioural change and altered thyroid function 

may be related. 

1.4 The physiology of stress 

Stress was first deiBned as a non-specific response of the body to any demand made upon it (Selye 

1950), but as currently used the concepts of stress have no universal definition (Moberg 2000). 

Toates (2000) deSnes stress as "a cAromzc ZM fAof wWgfZzg 

behaviour". Dora and Chrousos (1993) describe stress as a state of threatened homeostasis during 

which the body activates adaptive mechanisms to maintain the equilibrium while the stressors are 

applied. There have been many other variations on such definitions (Ewbank 1973; Moberg 1985; 

Manser 1992). Selye, in the 1930s, coined the terms "gMf̂ rgfar" to describe desirable stress and 

"distress" for undesirable stress (Chrousos and Gold 1992), to better illustrate the difference between 

uncontrollable and controllable stress. Mason (1968 p.791) explained, "Selye concluded that the 

pituitary adrenal cortical system responds in a non-specific manner to many different stimuli or 

aggM ĵ Of fAe GviS" (ggmgra/ adkpfaOoM It was later proposed, and is now 

generally appreciated, that the involvement of the HPA axis is dependent on the source of the stressor 

(Mason 1971). Some deSnitions of stress include behavioural as well as physiological adaptations, 

which appears reasonable as some behaviour patterns can help to restore homeostasis in stressfiil 

situations and thus reduce the requirement for physiological adaptation to stress. In addition, both the 

behavioural and physiological responses to stress, such as increased blood pressure and heart rate 

appear to be controlled at least in part by the same neuroendocrine s^'stems (Rushen 2000). I shall 

now summarise the physiology of the canine CNS in order to consider the stress response further. 

1.4.1 The Central Nervous System 

The hypothalamus is an important part of the autonomic nervous system, which, together with the 

endocrine system controls the internal miheu of the body. The hypothalamus controls the release of 

the pituitan: honnones, which act as messengers with a diversit)^ of actions. The emotions of rage and 

aggression sesm to originate in the hypothalamus (Carlson 1998), although they are nonnally 

inhibited by the hippocanq^us and the frontal lobe of the cerebral cortex (Turner 1994). Evidence 
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suggests that if a puppy is not adequately socialised then, synaptic connections are not made between 

sensory input and inhibition of centres of emotion, and the range of neural plasticity is reduced in 

adulthood (Fox and Stelzner 1966). 

1.4.2 The stress response 

The stress response begins with CNS perception of a threat to homeostasis (Moberg 2000). As stress 

is essential to life, it is not necessarily sometbing to be avoided (Appley and Trumbull 1986). 

However, distress can be considered aversive, as it is associated with the emotianal response of &ar 

(Barnard and Hurst 1996) e.g., in the immobilisation of dogs (Rothuizai a/. 1993). Prolonged states 

of stress are detrimental to welfare as the stress response may lessen through adaptation (Beerda 

2000). Perceived controllability is also important in influencing stress/cortisol responses (Dess et 

al. 1983), as exposure to uncontrollable stress has been reported to result in increases in anxietj' (File 

1996). 

Animals develop very similar pathologies as humans do when they sufEer prolonged or uncontrollable 

stress (Moberg 2000). Uncontrollable stress in dogs results in increased blood Cortisol (Reimers et al. 

1990), and defeated animals are kept in a state of chronic physiological stress recognised by increased 

glucocorticoids (EleAheriou and Scott 1971). Research on guinea pigs (Cm/zo jpo/'ceZZwj') suggests 

that environmental stress may affect many other endocrine glands (Sachser et al. 1994). A genetic 

component accounting for part of the inter-individual variability in reaction to humans has been found 

(Boissy 1995) in dominant dairy goats. When twin goats were assigned to a human reared group and 

a dam reared group the goats rank was not influenced by the group type (Lyons et al. 1988). Outside 

the laboratory it becomes almost impossible to account for inter-animal differences in the response to 

stress (Moberg 2000). 

1.4.3 The hypothalamic-pituitary-adrenal axis 

The dog has paired adrenal glands, situated at the front of the inner side of each kidney (Turner 1994; 

Rijnberk 1996). Each gland has two separate hormone-synthesisiiig components, the imier medulla 

and outer cortex. The medulla produces adrenaline, an emergency hormone that prepares the animal 

physiologically to respond to flee or 5ght situations. The cortex produces steroid hormones (in very 

small quantities) regardless of sex, as well as the corticosteriods (glucocorticoids and 

mineralocorticoids) that are essendal for the stress response. 

.The adrenal gland responds to internal and external environmental variables as detected by the CNS 

and sends this information to the h;;pothalamus. The hypothalamus Secretes corticotrophin releasing 

factor (CRF; Guillemen and Schally 1963), which travels to the adenoh^^pophysis to stimulate 

production of adrenocordcotrophic hormone (ACTH). This in turn stimulates the adrenal cortex to 

produce the glucocorticoids. The predominant glucocorticoid in the dog is Cortisol and Cortisol levels 
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have been shown to correlate with the presumed se /̂erity of a stressor by an individual (Assia er 

aZ.1989; Kemppainen 1984). There is evidence that both the CMS andthepituitaryinay be feedback 

sites for adrenal corticostsriods (Levine 1972). 

The function of the glucocorticoids is to prepare the body for physical activity'', i.e., there is a switch 

&om anabolic to catabolic activity and all non-essential processes are suppressed. The 

glucocorticoids cause an increase in the substrate for energy production, plasma glucose, and induce a 

release of amino acids &om the skeletal muscle, which prepare for energy expenditure (Manser 1992). 

Such hormonal activity is essential for the maintenance of homeostasis when an individual moves into 

an environment that contains stimuli that may be a source of discomfort or stress. 

1.4.4 Stress, immunity and immune mediated diseases 

Stressors have been deGned as stinmli that are paired with an aversive event (Maier and 

Watkinsl999). The physiological stress response to an aversive event is a flight or fight response 

aimed to deal with acute emergencies. Acute stress is said to enhance certain aspects of the immune 

response (Maier and Watkins 1999) but both acute and chronic stress divert resources away from 

essential biological function (Moberg 2000). 

The m^or role of the immune system is to recognise and eliminate foreign antibodies without 

harming self. However, in some cases the misdirection of humoral and cellular immune responses 

toward autologous antigen leads to autoimmunity (Carson 1992). Stratakis gf a/. (1995) suggest that 

if the immune system is compromised too much, it will bring about disease as prolonged stress results 

in a significant burden on the body, and the animal can enter pre-pathology or pathology state 

(Moberg 2000). The trigger for such a reaction is unknown. Predisposing factors that can cause an 

autoimmune disease can be either genetic or environmental (Kiecolt-Glaser and Glaster 1991). 

Environmentally, the stress of an unpleasant emotional state can cause immunosuppression 

(McMillian 1999). It is possible that two or more factors could occur together, e.g., drugs cross-

reacting or infection by viruses (Playfair 1992); and infectious antigens have been implicated in the 

pathogenesis of a variety of autoimmune diseases including autoimmune thyroid disease (Section 

1.5.1; Tomer and Davies 1993). Genetic make up can influmce susceptibility to autoimmune disease 

because of the somatic generation of immune diversity; however, genetically identical individuals 

have diSersnt immune systems (Carson 1992). 

The immune system itself can be aSected by stress (Grossman 1985) as the immune cells contain 

receptors for glucocorticoids (Maier and Watkins. 1999), which can depress immune responses 

(Grossman 1986) and reduce resistance to disease (Barnard and Hurst 1996). However, it should be 

noted that in the absence of uncontrollable chronic stress the glucocorticoids are ultimately a valuable 

part of the stress response and it is only in certain adverse circumstances that there is the possibilit}' of 
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the immime system reacting against itself and resulting in an autoimmime disease. Antoimmime 

thyroidids (Section 1.5.1) is a very common automimmime disease, which causes hypothyroidism in 

dogs and is histologically comparable to Hashimoto's thyroiditis in humans (Thacker a/. 1995; 

Marshall 1996). 

1.5 Canine hypothyroidism 

Studies of thyroid function and iodine in the dog have indicated that the system is generally similar to 

humans (Belshaw gf a/. 1974). Hypothyroidism is the most coimnon hormonal disorder diagnosed in 

the dog (Turner 1994, Swenson and Reece 1993; Beale e/ oZ. 1990; Chastain and Garyam 1986). 

Haines aZ. (1984) noted that 0.3% of dogs presented to the veterinary clinics in North America had 

hypothyroidism while Panciera (1994) noted a 0.2% incidence. Hypothyroidism occurs when there 

are incorrect concentrations of circulating thyroid hormones due to malfunctions in the gland or in the 

hypothalamic-pituitary- thyroid-extrathyroid axis; the causes are multiple (Hutchinson 1990; Paradis 

g/ a/. 1991). Theoretically, hypothyroidism can also result firom a defect in the mechanism of 

transport, plasma binding or response to precursor hormones. 

1.5.1 The origin of hypothyroidism 

There are several different forms of hypothyroidism, primary, secondary and tertiary. These are 

usually caused by either athyreosis, dishormonogenesis, thyroid tumours, inadequate secretion of 

TSH, idiopathic atrophy, iodine deficiency, and thyroiditis which can be autoimmune or subclinical 

hypothyroidism. These forms and causes shall be considered further. 

Primary hypothyroidism occurs when there is an abnormality of the thyroid gland itself (Feldman and 

Nelson 1996). An enlarged thyroid gland (goitre) may be the result of neoplastic invasion (cancer of 

the thyroid which is usually malignant). Primary hypothyroidism may also occur due to a metabolic 

defect of hormone formation, inflammation, post operatively or as a result of exposure of the thyroid 

to radiation. It can be differentiated from secondary hypothyroidism by lack of response to 

exogenous TSH. Primary hypothyroidism accounts for 95% of hypothyroidism in dogs. However, 

clinical signs do not appear until three-quarters or more of the follicles have disappeared and/or have 

been replaced by other kinds of tissue (Chandler ef aZ. 1994). 

is caused by pituitary dysfimction and a concomitant reduction in TSH. 

This is the case in less than 5 % of hypothyroid dogs (Chandler aZ. 1994). Secondary 

hypothyroidism is usually associated with tumours of the adenoh^'pophysis that desiroy die TSH 

producing cells (McDonald and Pineda 1989). A range of other processes can damage the pituitan' 

such as inflammatory disease, although these diSuse pathologies will generally result in malAmctions 



of other hormones regulated or produced by the pituitary (Chandler gf aZ. 1994). This is the case in 

canine pituitar}' dwarSsm in which there are congenital abnormalities in the pituitary. Secondare-

hypothyroidism can result 6om pituitary adenomas that produce excess adrenocortical stimulating 

hormone (ACTH) and result in hyperadrenalcorticisnL The high Cortisol levels depress TRH arid 

TSH production and also inhibit peripheral conversion of T4 to T3 (Section 1.6). 

rerfza/}' is not known to occur in the dog, but in humans this is due to a lack of TRH 

(McDonald and Pineda 1989; Chandler ef a/. 1994; Werner and higbar 1978), 

1. is hypothyroidism developing in utero or during the Grst few months prenataDy. It is a 

type of hypothyroidism that severely af&cts maturation, causing physical stunting whai the 

thyroid is either very reduced in size or absent. In humans this condition is known as Cretinism 

(Chandler gfaZ. 1994). Puppies with athyreosis rarely survive due to developmental anomahes 

(West 1994). 

2. Dyshormonogenesis is a defect in the biosynthesis of hormones because of a lack of specific 

enzymes. These disorders, although seen in man, have not been researched in depth for the dog 

(Siegel 1977) 

3. f are generally either fblhcular or meduUaiy neoplasms. Some of these tumours 

are derived 6om parafollicular cells, located very closely to the thyroid, which normally secrete 

calcitonin. Thyroid tumours are usually malignant and may result in euthyroidism, 

hyperthyroidism or hypothyroidism depending on the type and the extent of the tissue damage. 

4. Tmog/ggTzafg ^gcreAon may cause fa^ults in the mechanism of trapping iodide and 

consequently the synthesis of thyroid hormones becomes defective (Braverman and Utiger 1996). 

The pituitary gland controls the secretion of several hormones. Therefore deficiency of TSH may 

also be associated with a deficiency in other anterior pituitary hormones such as ACTH (Siegel 

1977). 

5. c afropA)/ of the foDicles and their replacement by adipose tissue causes many cases of 

hypothyroidism (Jefkoate 1993). Atrophy may be due to destruction of the gland by neoplasmic 

tumour. This does not necessarily cause hypothyroidism but suppresses TSH secretion and causes 

atrophy of the remaining folhcles (Branam graZ. 1982; Chandler gr aZ. 1994). 

6. /oâ zMg af^c/gMC); wiU also cause hypoth^Toidism, as the thyroid hormones are dependent on 

iodine for their formation. Excess iodide causes inhibition of iodide binding to thyroglobulin. 

Iodine deficiency is now rare, due to the iodide salts that are added to dog food (Chandler aZ 



1994). Goitre is a condition where the th)Toid gland becomes enlarged in an attempt to 

compensate for iodine deSciency. Goitre results when the deSciency causes the thyroid to 

produce T3 instead of T4 due to feedback mechanisms and an increased secretion of TSH (West 

1994, Chandler gf aZ 1994), Iodine de6ciency will therefore generally lead to reduced T4.T3 

rado and increased TSH (Marshall 1996). 

7. is thyroid inflammatory disease and can be acute or chronic; however it is usually 

chronic in the dog (Hutchinson 1990). It has been detected in several dogs with no other signs of 

thyroid dysfunction. A familial chronic lymphocytic thyroiditis has been noted in some colonies 

of laboratory beagles, but these dogs do not develop clinical hypothyroidism or thyroid 

enlargement (Chastain and Ganjam 1986). 

8. Autoimmune thyroiditis occurs when thyroglobulin autoantibodies (TgAA), and/or 

triiodothyronine autoantibodies (T3AA) and/or thyroxine autoantibodies (T4AA) become active 

against the host's ov̂ ti cells (Refsal and Nachreiner 1997; 1.4.4). Specific T4AA and T3AA 

antibodies will bind to T3 and T4 and lymphocytic infiltration of the tissue will also occur 

(Nemeroff 1989). Approximately half the naturally occurring cases of hypothyroidism in dogs 

are due to lymphocytic thyroiditis as a result of a genetic predisposition and environmental 

triggers (Chandler et al. 1994; Dixon et al. 1999c). It is not known exactly what starts an 

autoimmune disease. Some other factors cause the thyroid cells start to act as antigen presenting 

cells which results in the destruction of the thyroid gland itself (Ferguson 1991). Whether 

antibodies are the cause or effect of the disease is unclear (Ferguson 1991). Autoimmune 

thyroiditis can be linked to polyglandular autoimmunity, which in dogs, has also been suggested 

to present with aberrant behaviour patterns (Dodds 1997). Measures of autoantibodies tell us 

about the disease states but are not very eSecdve for routine testing and diagnosis of 

hypothyroidism in the dog (Williams 1996). Primary hypothyroidism and primary adrenocortical 

deficiency in the dog are the same as type II polyglandular autoimmunity or Schmidt's Syndrome 

in humans. It has become increasingly evident that this and other combinations of endocrine end-

organ &ilures are the result of immunological dysAmction (Kooistra ef a/. 1995). Dixon gf 

a/. (1999) showed that 5% of hypothyroid dogs also had diabetes mellitus and this may be 

consistent with the immune destruction of both endocrine glands. 

9. in humans is most commonly caused by autoimmune thyroiditis 

(JoSe and Sokolov 1994). Subctinical hypothyroidism does not have the symptoms associated 

with the clinical form and is detectable only from laboratory findings (Hendrick ef aZ. 1998; 

Esposito ef aZ. 1997 Extern and Gold 1987). However it can lead to cognitive dysAinction 

(Haggert}' gf aA 1990). 
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1.5.2 The symptoms of hypothyroidism 

H '̂pothyroidism can be diScukto diagnose (Happ 1995) as the signs are diverse and, therefore, can 

be similar to Ihose of other diseases: they also vaiy 6om patient to patient (McDonald and Pineda 

1989). Typical clinical signs of hypothyroidism inclnde obesity (not always), lethargy and 

behavioural changes as well as bilateral symmetrical alopecia which is non-puritic, i.e., the dog does 

not scratch. In this case the hairs die in the follicles and fall out in the areas of greatest friction, e.g.. 

the tail, leading to conditions such as 'rats' tail' (Chandler g/ aZ. 1994) and 'carpet coat' (Turner 1994). 

There are also dermatological abnormalities (JeSers 1990; Rosychuck 1997). Melanin is deposited 

and the follicles become plugged with keratin, which causes the sJdn to feel rough and flaky. 

Myxoedema, puffy thickened skin, produces folds of skin on the neck and forehead (Ramsey 1997). 

There is also often muscle wastage, particularly the gluteal and shoulder muscles, and dogs show 

intolerance to the cold. Low plasma thyroid hormones may also cause constipation; mild anaemia, 

lack of libido, abnormal lactation, infertility and the absence of an oestrous cycle. They may also 

suffer some pain due to impaired joint function. In severe cases corneal ulceration (dry eye), 

diarrhoea and/or vomiting occur, bradycardia, muscle atrophy and peripheral neuropathies may also 

be evident. Occasionally, there is a low body temperature and myxoedematous coma (Chandler et al. 

1994). 

Behavioural abnormahties which are symptoms of hypothyroidism (Dixon gf aZ. 1999c) include 

lethargy (Dimn 1989), mental dullness, impassive behaviour and reduced ability to exercise as a result 

of muscle wastage (Pearson and McGinn 1998; Chandler er oZ. 1994). Other clinical signs can 

include an abnormal gait (treading softly) due to excess wear of the dorsal anterior surface of the 

toenails on the front feet, and a change in voice as the vocal chords thicken (West 1994). 

With respect to behaviour disorders associated with hypothyroidism, case histories indicate a gradual 

onset of an irritable or "crabby" disposition, with resentment to handling or attention in which, "the 

pet may not want to share the sofa; it may bite if the owner walks through the door at the same time" 

which suggests that confident aggression is more likely to be associated with hypothyroidism 

(Gerzovich 1995; Section 1.3.4), Both dogs and cats have been presented with aggression as the only 

symptom of hypothyroidism (Beaver 1994; Dodman and Shuster 1998). Dodman (1995) and Dodds 

(1992) discuss a decrease in canine aberrant behaviour following hormone replacement for 

hypothyroidism. However, McDonald and Pineda (1989) describe the effected animal as "dull" and 

"less aggressive" than normal. As hypothyroidism is a multis)^emic disease, treatment with 

replacement thyroid hormones will aSect several feedback mechanisms, which in turn may aSect 

behaviour. 



1.5.3 The signalment of hypothyroidism in dogs 

The signalment refers to the age, breed and sex of dogs most commoî ly diagnosed with 

hypothyroidism. 

/Ige; Hypothyroidism occurs most often ih dogs aged six to ten years (Turner 1994: Eckersall and 

Williams 1983; Dixon 2001; Kaelin aZ. 1989) and is unlikely to occur in dogs less than two years of 

age (Dixon 2001; Reinhard 1978; Dodman and Shuster 1998). Re6al and Nachieiner (1997) 

observed that autoantibodies are more prevalent in young to middle-aged dogs and T4 titres were 

found to decrease with increasing age (Wolfbrd ef oZ. 1988). Neonatal dogs (up to 100 days of age) 

have higher concentrations and old dogs have lower concentrations of T4 than do healthy adults. 

Bz-eecf. Laige breeds aged three to six years and small breeds aged six to nine years are most 

commonly affected (Dixon g/ oZ. 1999c, Simko 1992). McDonald and Pineda (1989) staled that there 

are marked diSerences in the thyroid morphology and function between breeds of European and 

ASicaa origin. There is also a higher prevalence for hypothyroidism in medium to large breeds 

(Reinhard 1978; Dodman and Shuster 1998; Turner 1994; Dixon 2001) giant breeds (Eckersall and 

Wniiams 1983), and large to giant breeds (Tuckova oZ. 1995). Breeds that have been found to be at 

high risk were Golden Retrievers (Nelson and Ihle 1987; Milne and Howard 1981; Panciera 1994), 

Doberman Pinschers (Nesbitt gf oZ. 1980; Nelson and Ihle 1987; Mihie and Howard 1981), Beagles, 

Samoyeds, Huskies and Malamutes (Blake and Lapinski 1980). The American Kennel Club has 

described hypothyroidism as a primary concern, and the predisposition to develop the disease appears 

to be an inheritable trait (Dodman and Shuster 1998). Larsson (1986) suggests heredity to be of great 

importance in the development of primary hypothyroidism; Haines et al. (1984) noted a familial 

tendency in a groiq) of Great Danes, and Conaway gZ.(1985) confirm Emilia! occurrence of 

lymphocytic thyroiditis in a group of related Borzoi dogs. 

Sex: The majority of incidence studies of hypothyroidism show no evidence that either sex is at 

greater risk of developing hypothyroidism (Eckersall and Williams 1983; Jaggy et al. 1994) neither is 

there a difference with neuter status (Dixon et al. 1999c; Dixon 2001). However, Haines et a/.(1984) 

noticed that hypothyroidism was predominant in female dogs, and spayed Amales had an even greater 

risk of developing the disease. 

1.5.4 The treatment of hypothyroidism 

Synthetic levothyroxine (L-thyroxine) is the preferred treatment for virtually all cases of 

hypothyroidism (Panciera 1997). There are Sve major types of preparations used (Siegel 1977). 

These are desiccated thyroid preparations 6om cows, thyroglobulin, sodium levothyroxine (T4), 

sodium hothyronine (T3), and preparations with a combination of T3 and T4. Historically, 
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preparations made &om extractians of animals' thyroid gland were used for the treatment of 

hypothyroidism, but due to the spread of Bovine Spongiform Encephalopathy (BSE) the use of 

desiccated thyroid 6om cows is no longer practiced (Ramsey and Herrtage 1997). Administration of 

exogenous L-thyroxine will result in an increase in plasma thyroxine (T4), an increase in T3 (via 

deiodination of T4) and a decrease in thyrotrophin (TSH) through negative feedback inhibition of the 

pituitary gland. Treatments of thyroid conditions are generally long-term due to the irreversible 

nature of the disease. 

1.5.5 Factors affecting thyroid function 

a W T h e ratio of 6ee: bound thyroid hormone in the blood can be aSected by 

dehydration and fasting. An increase in unsaturated binding sites on the thyroxine binding proteins 

and a decrease in &ee thyroxine in the circulation is common. E8ects of starvation in dog and man 

are the same; rT3 is increased (De Brunjne aZ. 1981). 

f regMOMcy awf Lyc/g. Result in a change in the oestrogen concentration and Guctuations 

in thyroxine and thyroid binding globulin synthesis (Chastain and Gaigam 1986). 

WzgfgM^ /"/ryz'/zMiy." These are believed by some authors to a@ect the thyroid gland. Chastain and 

Gaigam (1986) note that there is no evidence of a circadian rhythmic secretion of thyroid hormones in 

dogs, but Hutchinson (1990) describes the time of day as having an eSect on thyroid hormone 

concentrations. Drazner (1987) holds that although these rhythms exist they have no effect on thyroid 

Amotion, and Bruner g/ oZ. (1998) notes that Wiatever time of day a blood sample is taken 6om a dog 

there is no affect on thyroid hormone measures. 

Illness: Disease and malnutrition are associated with a lower extrathyriodai conversion of T4 to T3 or 

rT3 as the animal is stressed and the release of Cortisol inhibits the production of active thyroid 

hormones. The reduction in T3 conserves the body protein during illness and is called Euthyroid Sick 

Syndrome. Non-thyroidal illness (NTI) results in elevated rT3 in the plasma and a decreased 

conversion of T4 to T3 (PCaplan g/ a/. 1977; Ferguson 1984; Kaptein 1988). In addition to NTI, short 

and long-term glucocorticoid treatmoit decreases the serum thyroxine binding protein to levels below 

the normal range (Duick g( aZ. 1974), which in dogs can suppress T4 (Kemppainen and Behrend 

1998). 

G/wcocorAco W coMceMfraOOMj; Little wodc has been done on the ejects of stress on thyroid function 

in the dog, therefore where appropriate the human medical literature is reviewed. Pharmacological as 

well as physiological doses of glucocorticoids may reduce TSH secretion both in humans and 

animals. 



Pharmacological doses of glucocorticoids have a sigpressive influeiice on the endogenous secretion 

of TSH (Brabantef aZ. 1989) but the mechanism is unclear (Brabanl ef aZ.1987). Dexamethasone (an 

oral glucocorticoid) causes a decrease in T4, T3 and TSH and an increase in rT3 (Mitsuma and 

Nogimoii 1982; Laurberg and Boye 1984; Brabant ef oA 1987). Glucocorticoids also decrease the 

available amount of thyroid-binding globulin in the plasma (Gambert 1996). 

Physiological doses of glucocorticoids are produced during chronic stress, influencing the HPT axis 

(Esposito et al. 1997). but the reaction of the endocrine system is likely to be dependant on the 

duration and type of the stressor. The primary action of the glucocorticoids is to decrease T4 to T3 

conversion, and decrease the rate of rT3 breakdown (Chastain 1990). The rise in rT3 correlates with 

the fall in corticosteroid binding globulin during times of stress and sickness (Burr et al. 1976; 

Aziikizawa et a/.1979; Gamstedt et a/. 1979; Cavalieri and Pitt-Rivers 1981; Feldman 1987 cited in 

Beale ef aZ. 1990; Bartalena gf aZ. 1990; Kemppainen and Bdirend. 1998) and has been found to be 

higher in depressed patients (Zach and Ackerman 1988; Bauer and Whybrow 1988). Animal studies 

have shown that antidepressants aSect deiodinase activity, which could be due to stress (Baumgartner 

et al. 1992) or due to the Euthyroid Sick Syndrome (Besser and Thomer 2002). 

The main cause of the increase in rT3 in the event of increased pharmacological as weU as 

physiological levels of glucocorticoids is due to the inhibition of peripheral 5 'monodeiodination 

which converts T4 to T3 in dogs (Silva and Leonard 1985; Ferguson 1988; Kaptein 1988; Benker 

aZ. 1990). A separate 5'-deiodinase catalyses conversion of T4 to rT3 (Wartofsky and Burman 1982). 

Hedge et al. (1987) states that the activity of 5'-monodeiodinase falls as does rT3 clearance, but the 

reaction rate is dependent on T4 concentration (Kaplan gf a/. 1977). 

1.6 Physiological mechanisms associating the stress hormones and hypothyroidism 

The mechanism by which reduced thyroid function influences canine behaviour is uncertain (Aronson 

and Dodman 1997). Dodman and Shuster (1998) also state that the mechanisms by which low thyroid 

levels are associated with aggression are unclear, but could be due to serotonin sensitivit): to 

dopamine (which has received little research in dogs and therefore has been reviewed in Section 

1.3.3), the rate of Cortisol clearance causing stress, and/or the inhibitory effect of elevated 

glucocorticoids on TSH, which in animals exerts behavioural eflects (Loosen and Prange 1982). 

These latter issues shall be considered further. . 

Activation of the HPA axis is a vital part of the physiological response to stress that can, in turn, 

affect basal hormone concentrations (Dodman gf oZ. 1995), Both natural and s /̂nthetic glucocorticoids 

inhibit various parameters of thwoid function in both man and laboratory animals (Wilber and Utiger 



1969) and in general, most stressful situations tend to decrease the release of thyroid hormones &om 

the gland (Wartofsky and Biirman 1982). Hyperactivity of the HPA axis occurs in depression (Extein 

and Gold 1987: Lesser ef aZ. 1987; Nomura 1994; Dom ef 1996; Lasser and Baldessarini 1997; 

Leo ef oZ. 1997; Stein and Avni 1988; DenicofF a/. 1990; Sauvage gf aZ. 1998), and the 

adrenocorticotrophic hormones influoice the secretion of hormones of other endocrine systems. This 

then influences physiological processes and behavioural patterns. Under conditions of physical or 

emotional stress corticosteroid levels are increased to promote the release of glucose from non-

carbohydrate precursors to provide a source of energy for muscular activity. Corticosteroids also 

appear to have a modulatory effect on the immune system (Hart 1985; Maier et a/. 1994). Even if the 

stressful encounter were to have periods of respite, it should be adaptive to continue the anti-

inflammatory response of stress-induced immunosuppression. Cortisol is the principal endogenous 

glucocorticoid of the canine adrenal cortex and acts as a negative feedback regulator in the HPA axis 

to reduce ACTH. 

There are several mechanisms by which glucocorticoids lower baseline levels of the principal thyroid 

hormones. Glucocorticoids inhibit TSH release in response to TRH (Otsuki et al. 1973; Section 

1.6.1;), decrease the amount of conversion of T4 to T3 (Chopra et al 1975; Section 1.6.2) and can 

have some direct eGect on the gland itself (Section 1.6.2; Kemppaioen ef a/. 1983). 

1.6.1 Glucocorticoids and the hypothalamic pituitary thyroidal axis 

Glucocorticoids can suppress thyroid function by inhibiting the secretion of TRH from the 

hypothalamus, thus reducing TSH concentration (Ferguson 1984; Sowers et al. 1977; Hess and Ward 

1998). This is also evident in patients receiving glucocorticoids for long periods or in high doses (Re 

et al. 1976) and chronic pharmacological treatment with glucocorticoids may have a suppressive 

effect on TRH (Woolf et al. 1973). In the dog, glucocorticoids decrease the basal TSH response to 

TRH (Woltz e? a/. 1983). It can been concluded therefore, that large doses of glucocorticoids inhibit 

TSH secretion from the anterior pituitary (Corticogenic Hypothyroidism; Otsuki et al. 1973). A 

reduction in TSH secretion is also seen during periods of stress in both humans and animals 

(Warto6ky 1974; Pamenter and Hedge 1980). RubeHo ef a/. (1992) found a highly significant 

inverse correlation between urinary Cortisol levels and TSH response to TRH, indicating mhibition at 

the pituitary. Morley (1981) also suggested that Cortisol appears to have a direct inhibitory effect on 

TSH secretion 6-om the pituitary. 

In humans, the data suggests that high physiological levels of Cortisol may suppress the TSH response 

to TRH (Loosen er aZ. 1978; Dam ez" aZ. 1986) as numerous psychiatric populations demonstrate 

blunted TSH response to TRH (Burmevicius ez' oZ. 1994; Gillette gf aZ. 1997), and glucocorticoids 

decrease TRH in normal and h '̂pothyroid patients (Faglia ĝ  aZ. 1973). Dexamethasone (oral 
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glucocorticoids) aSects either the release of TRH B-om the hypothalamic ceHs or the release of TSH 

(Haigler gf oZ. 1971) or both (Ranta 1974; Mitsuma and Nogimoii 1982), and also decreases plasma 

thyroid hormone concentratians (Duick aZ. 1974). However, Diissault (1974) suggests that 

dexamethasone has no e&ct when administered to hypothyroid patients. 

1.6.2 Glucocorticoids and thyroid honnone conversion 

Glucocorticoids have also been su^ested to decrease thyroid hormone concentratian by causing TSH 

deSciency, changes in thyroid hormone binding in the plasma, and alterations in peripheral 

metabolism of hormones. These mechanisms may be operative in both humans and dogs. However, 

as the concentrations of binding proteins, binding aiSnity and peripheral metabolism differ in dogs 

and humans it should not be assumed that the mechanisms are identical (Peterson et al. 1984). 

Kemppainen (1984) has described the inhibition of peripheral conversion of T4 to T3 in the dog, and 

Chopra a/. (1975) found that in rats glucocorticoids reduce the overall peripheral deiodination of 

T4 to T3. 

In addition, administered corticosteroids such as dexamethasone have been found to cause a reduction 

in the peripheral conversion of T4 to T3 in dogs and humans (De Groot and Hoye 1976; Woltz et 

o/. 1983; Kemppainen 1984; MorieDo gf aZ. 1987; Flow and Jagues 1997; Dluhy 1996). Serum T4 and 

T3 titres are significantly decreased in dogs with hyperadrsnocorticism (Peterson gf aZ. 1984). This 

suppressive effect of the glucocorticoids on the conversion of T4 to T3 may act as a protective or 

adaptive cellular response, which can be associated with acute or chronic states of glucocorticoid 

excess. As well as causing in a decrease in plasma T3 high levels of glucocorticoids also result in an 

increase in rT3 (Gamstedt et a/, 1979). 

1.6.3 Factors ioflnenGing the thyroid gland itself 

Glucocorticoids can also have an effect on the thyroid gland as a result of physical and/or mental 

stress (Kerrq^painen 1984). One mechanism by which chronic stress potentially influences thyroid 

function is through its modulatory effect on the immune system (Maier and Watkins 1999), The 

immune system is enable of producing products that can signal to the CNS, via the vagus nerve 

(Carlson 1998), altering neural activity and thereby behaviour. The immune response communicates 

with the brain in order to initiate the stress response. Stimulation of the immune cells is important in 

the development of autoimmune thyroiditis. Therefore the stress hormones may contribute to the 

occurrence of autoimmune thyroidrtis in dogs with a predisposition for the disease (Section 1.5.1). 

Kumar gr aZ.(196&) observed that glucocorticoids such as prednisolone catise a decrease in thyroid 

binding globulin (TBG; also noted by Dluhy 1996), but Oppenheimer and Werner (1966) found no 

e-vidence that glucocorticoids have an eSect on the binding capacities of thyroxine binding proteins. 

In the dog however, Woltz er aZ. (1983) noted that glucocorticoids affect TBG and increase rT3 b}' 
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inhibitmg 5 '-deiodinase. The glucocorticoids are also known to inhibit iodine uptake by the thyroid 

gland (Ingbar and Freinkel 1955; Re gf a/. 1976; Dluhy 1996). 

1.7 Hypothesised relationship associating canine behaviour and hypothyroidism 

The first description of hypothyroidism associated with depression in humans appeared in 1888 (Pitts 

and Guze 1961). In 1951 Ham et al. recorded that significant external events produce a chronic 

emotional response, which via the cortico-thalamic pituitary axis, leads to changes in thyroid 

function. Later, Chrousos and Gold (1992) reported the association of stress with reduced thyroid 

hormone production, and speculated that the mechanism is probably due to the actions of the 

glucocorticoids. Aggressive behaviour is associated with hypothyroidism in humans (Section 1.4.4) 

and aggressive behaviour can be regarded as a response to a stressor (Barash 1982). Glucocorticoids 

are produced as a result of the stress response mediated by the General Adaptation Syndrome (GAS; 

Selye 1932) as an individual prepares for "fight or flight' action (Cannon 1927) glucocorticoids are 

produced which cause a decrease in thyroid hormone concentration (Section 1.5.5). Wilson et al. 

(1983) in a study on Beagle dogs describe a method appropriate for demonstrating thyroid responses 

to changes in stress, and since minor changes in thyroid homeostasis may lead to m^or changes in 

metabolism and behaviour (Whybrow 1996) in humans, it is feasible that an association between 

stress glucocorticoids and thyroid hormone may be operative in other mammals. In 1972 Leppaluoto 

described a change in thyroid function which may be induced by stress in the rabbit {Oryctolagus 

cwM/cw/z/.y) and Gregerman and Davis (1996 p.233) noted, a Mw/MAgy q/gjrfewh/e m 

gw/Mga vanozu ffrggfg.y wgrg ybwW fo c^ecrgafgcf ar a rgfw/f q/" 

ofecrgof gcf reZeaf g. " 

Endocrine dysfunctions are one of the main causes of abnormal behaviour in the dog (Owren and 

Matre 1994), and veterinarians and animal owners frequently use changes in behaviour as an indicator 

of sickness and disease (Hart 1985). Aggression is one such non-specific sign of various pathological 

conditions (Etdnger 1989). However, glucocorticoids increase under conditions where aggression 

occurs which is related to fear and anger (Blauvek 1964), and these can. a@ect thyroid function. 

Therefore, considering all the evidence relating to stress, thyroid fLmction and behaviour, it is possible 

to suggest an alternative hypothesis to that previously suggested, where thyroid hormones control 

behaviour directly. In this alternative hypothesis behaviour could be affected by a factor that also 

influences th^Toid titre, i.e., the glucocorticoids. In other words, it is the individual's perception of its 

environment as stressful causes stimulation of the HPA axis and a change in the individual's 

behaviour. This in turn has an inhibitory agect on th}Toid hormone cancentration. 



The association between environmental stimuli and increased stress hormones is well established in 

humans and dogs, but the association between Gnvironmsntal stressors and thyroid function is less 

well understood. Nevertheless, on the basis of the physiological association between the thyroid 

hormones and the glucocorticoids as well as the association between stressors and the HPA axis, I 

hypothesise that in the dog the environmental stimuli that are experienced as stressful will cause 

production of Cortisol, which in turn inhibits thyroid hormone production. Additionally, the 

perception of the stressor also causes behavioural change, and spedfically, behavioural disorders such 

as inappropriate aggression (Figure 1.5). 

Additionally, this hypothesis predicts that aggression may not be the only behaviour problem 

associated with hypothyroidism, as the expression of behaviour is determined by genetic make up and 

other physiological fWars as well as previous learning e^qperiences. For example Hamilton-Andrews 

(1998) found an association with noise sensitivity. My initial aim is to examine the incidence of 

dif&rait types of behaviour disorders and their consistent behaviour patterns, and how these are 

related to thyroid function and physiological indicators of stress. 

/ 
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Figure 1.5 Hypothesised relationship between aggressive behaviour and hypothyroidism 



1.8 Welfare implications of canine hypothyroidism 

Welfare has been defmed as encompassing all aspects of animal well-being including disease 

prevention, treatment and responsible care (Appleby 1999), but a more succinct definition is. "f/ze 

on awmaZ zj ZA of zY regoA'ck zYfeZ/'fo cope wzY/z zŶ  eMyzroMmeMr" (Broom 1986 p524), 

which can be measured by physiological (Baldock and Silby 1990; Wartofsky and Burman 1982) as 

well as behavioural correlates of the stress response. 

I predict that situations which induce fear, or in which established rules are suddenly changed, or in 

which behaviour that was previously eSective no longer accomplishes its goal are likely to result in 

an increased production of glucocorticoids (which reduce thyroid hormone concentrations) as well as 

changes in behaviour (possibly perceived as a behaviour disorder). Such stress-induced disorders are, 

by deGnii in. decrements in welfare. 

As most com \on signs of hypothyroidism in both humans and dogs are metabolic and behavioural 

changes, having reached a diagnosis we should assume that dogs also e)g)erience emotional 

components simL r to those experienced by humans with hypothyroidism. Tliis will draw attention to 

any undue suSsiing related to the onset and development of hypothyroidism such as those related to 

mental state, that dogs may have difficulty in conveying, and may ultimately lead to ways in which 

psychological as well as physiological effects of hypothyroidism can be associated. 

However, some clinicians have noted the simultaneous onset of behavioural change (principally 

aggression) with hypothyroidism and have found that the use of thyroid replacement therapy was 

effective in treating both hypothyroidism and the aggressive behaviour (Dodds 1996 and Dodman 

1995). However, the administration of thyroid replacement therapy without confirmation of 

hypothyroidism (by diagnostic tests) can have a harmful eSect on the welfare of dog, as in cases 

where dogs have a behaviour disorder and are not hypothyroid such inappropriate treatment can 

increase catabolism, accentuate cardiac dysfunction and potentially increase morbidity and mortality 

(Kaptein 1988). 

Additionally, if behaviour modiScation results in reduced stress (Moberg 2000), for those 

physiologically hypothyroid (non-pathological hypothyroidism; Wartofkky and Burman 1982) dogs 

treatment with thyroid replacement therapy would not be required because the condition reverses 

(Ferguson 1988; Ferguson 1984; Peterson e/ aZ. 1984) when the elevated glucocorticoids are reduced. 



1.9 Synopsis, aims and objectives 

1.9.1 Synopsis 

Hypoth}Toidisin occurs in both hMmmns and dogs and presents similar diagnostic symptoms in both 

species. While the association between mental state and hypothyroidism is well established in 

humans, very little is known about the mechanism by which these are associated, although it would 

appear likely that the glucocorticoids which inhibit the functioning of the HPT axis, or have a 

inhibitory eGect on the pituitary gland, are involved. Little is known about the relationship between 

hypothyroidism and canine behaviour. This may be due to the difficult^' of collecting accurate life 

history information for dogs, as any current dog behaviour is likely to be influenced by past 

experience as well as current physiological factors. 

I hypothesise that the behavioural response to environmental stimuli affects the HP A axis and this in 

turn aSects the measurable plasma thyroid hormone concentration. So, rather than the concentration 

of thyroid hormones controlling the behaviour of the individual, the behaviour could be a reflection of 

stress, resulting in the production of glucocorticoids which cause a decrease in thyroid titre. By 

establishing the mechanism by which thyroid hormones and dog behaviour are related, a greater 

understanding of this disease can be obtained and the results can then be applied to improving the 

welfare of Britain's most popular urban pet, the dog. 

1.9.2 Aims 

This project will attempt to explore the relationship between behaviour disorders and hypothyroidism 

in the domestic dog, Canis familiaris Linnaeus (Mammalia; Canidae), making comparisons witli the 

links between thyroid function and emotion. In this thesis I test the general hypothesis that there is a 

link between hypothyroidism in the dog, and aggression and other behavioural disorders. 

1.9.3 Objectives 

The following objectives •will be considered in this thesis: 

(i) To detennine whether aggressive behaviour is related to altered thyroid state. 

(u)'rbe%qikin:therelatkHish^p IbetRRxaisdress, thg^nikllKiniKines andck)g Ibeturmkyur. 

(iii) To assess the association between, dog behaviour and hypothyroidism by 

a) Investigating the incidence of hypothyroidism in dogs with behaviour disorders, 

b) Determining what behaviour disorders / patterns are related to altered thyroid state and 

c) Examining the ib^pesiDflxdiavioural abrKHmalides hi (logs vfkhdifR:reatty%)es(]f 

hypothyroidism. 





2,1 Introduction 

The investigation of the relationsh^ between altered thyroid function and behaviour patterns required 

the use of both sthological and endocrinological methods. Due to the recurring use of several 

methods, this chapter contains the entire methodology utilised in this research project. 

Ethology and psychology are the originating 6elds &om which methods are derived for the study of 

animal behaviour (Martin and Bateson 1993); in this study, behavioural data was gathered both 

indirectly, through questionnaires completed by owners, and directly, through the observation of 

animal behaviour patterns either from direct observation or from video recordings (Section 2.4). 

Several endocrinological methods were used. For the determination of hormone titre, plasma samples 

were collected. Radioimmunoassay was the preferred method for the measurement of T4, T3, TSH, 

rT3 and plasma Cortisol, whilst ELISA was used for the measurement of TgAA. The technical 

version of each method is presented (Section 2.5) as supplied by the manufacturer of the reagents. 

Both exploratory and conSimatory statistical analysis of the behavioural and hormonal data was 

required. As the physiological data was normally distributed and the behavioural data was not 

normally distributed, both parametric and non-parametric statistical tests were used. The relevance, 

methodology and apphcation of each test are discussed (Section 2 .6). 

2.2 Canine ethogram 

2.2.1 Normal canine behaviour patterns 

The categorisation of normal dog behaviour in the literature is inconsistent; therefore I have 

considered normal dog behaviour patterns as those that appear to be functional and not indicative of 

illness or fatigue. In order to draw an ethogram of normal dog behaviour patterns I conducted 6 hours 

sampling per dog with intermrtteot continuous bouts of observation on five diGerent dogs 

in their own homes (in and around Southeast England; Table 2.1) and a total of Sve hours oaf 

sampling with intermittent contiauous bouts of observation of 30 dogs in a local park (Southampton 

Common, Southampton, UK, 50.486N 1.178W; Table 2.2). No quantitative measures were made; I 

simply noted the behaviour patterns exhibited by dogs. 



Table 2.1 Dog signalment information for dogs observed in their home environment (n=5). 

Breed Sex Age (years) 

1. German Shepherd x Husky Entire male 10 

2. Labrador x Collie Neutered Male 9 

3. Rottweiler X Dobemian Entire Female 4 

4. Jack Russell Terrier Entire male 13 

5. German Shepherd x Labrador Neutered Female 3 

Table 2.2 Signalment of dog breeds observed in Southampton Common (n=30), *sex is not divided into neuter 

status as it was not always possible to determine from observation. 

Breed Group No. of dogs *Sex No. of dogs Age (years) No. of dogs 

Wofldng 7 Male 14 0-18 months 6 

Toy 3 Female 16 19 months-6 years 11 

Gun 10 >6 years 13 

Temer 5 

Cross 5 

2.2.2 Inappropriate canine behaviour patterns 

Inappropriate behaviour can be considered as containing behaviour patterns that are the result of 

inappropriate associative learning, operant reinforcement, caused by a physiological or pathological 

change and not generally part of a dogs usual behavioural repertoire. However, I additionally 

considered normal canine behaviour patterns to include any normal behaviour which was 

inappropriately placed as inappropriate behaviour, as these dogs are often considered by their owners 

to have behaviour disorders. In order to observe these behaviours it was necessary to include 

inappropriate dog behaviour patterns in the etliogram. Therefore I conducted a total of five hours ad 

libitum observation (one hour per dog) in intermittent continuous bouts of five dogs considered by 

their owners to have ^behaviour disorders in their own homes (in and around Southeast England Table 

2.3), Additionally, I conducted five hours acf observation (one hour per dog) of 30 diSerent 

dogs at an animal shelter (Blue Cross Animal Shelter, Burfbrd, Oxfbrdshore, UK, 51.486N 1.378W; 

Table 2.4). In observing the behaviour of dogs in both animal shelters and during home visits I 

recorded both normal and inappropriate behaviour patterns. No quantitative measures were made; 1 

simply noted the behaviour patterns exhibited by the dogs. 

^ I categorised the behaviour disorders listed in Table 2.2 based on the information given to me by the owners 
about the onset and development of the behaviour as well as direct observation of the dog's behaviour. I used 
the APBC (htQ):www.apbc.org.uk/) method of classifying behaviour disorders to categorise the behaviour 
disorders I observed. 
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Table 2.3 Dog signalment information for dogs observed in their home environment 

and considered to have a behaviour disorder {n=5). 

Breed Behaviour disorder Sex Age (years) 

1. English Bull Terrier Stereotypy Entire male 3 

2. Belgian Shepherd Inappropriate aggression Neutered Female 6 

3. West Highland Terrier Fear of people Neutered Male 10 

4. Greyhound Separation related disorder Entire male 8 

5. Cross Inappropriate aggression Neutered Male 6 

Table 2.4 Signalment of dog breeds observed at Burford Rescue Shelter (n=30j, *sex is not divided into neuter 

status as this information was not always available. 

Breed Group No. of dogs *Sex No. of dogs Age (years) No. of dogs 

Working 5 Mde 19 0-18 months 5 

Toy 1 Fi*naAe 11 19 months-6 years 15 

Gun 2 >6 years 10 

Terrier 7 

Cross 15 

2.2.3 Construction of canine ethogram 

IThe exiutHtuig Iboth 

normal and inappropriate behaviour patterns (Table 2.5). 



Table 2.5 Canine ethogram (although "Proximity" is not a behaviour pattern and therefore not usually included in an 
ethogram, it was included here as it was considered to be relevant in a clinical behaviour setting). 

BEHAVIOUR DESKDftlPlKDhI 

Ear Position Up Tip of pinna pointing above head Ear Position 

Down Tip of pinna pointing toward the back of the head 

Tail Position Tucked Tail located between the back legs Tail Position 

Relaxed Tail limp and hung loosely to the rear of dog 

Tail Position 

Flag Tail upright with the tip facing above the head or slightly curled at the 

end, may or may not be moving. 

Tail Movement Moving Tail in motion in any direction 

Head Posture Up Head raised up above the withers Head Posture 

Level Head in line with the withers 

Head Posture 

Down Head hung below the level of the withers 

Body Posture Stand Body in a stationary upright position with weight distributed between 

four feet 

Body Posture 

Sit Body in an upright position with the dog's weight placed upon the joint 

of the hind leg between the knee and the fetlock. 

Body Posture 

Ue Body deposited ventrally or laterally on a surface 

Movement Walk All gaits where at least one foot is in contact with the ground at any 

one time 

Movement 

Run Dog moves with speed and smooth motion 

Movement 

Jump Dog leaps from the ground with a sudden start, either front two, or all 

four feet leave the ground. 

Proximity Near Familiar Dog orientates its head (nose) toward a familiar person, dog or toy. Proximity 

Near Unfamiliar Dog orientates its head (nose) toward an unfamiliar person, dog or toy. 

Vocalisations Bark Sharp explosive cry Vocalisations 

Growl Guttural murmur of antagonism 

Vocalisations 

Whimper Crying querulously or to whine softly, can be a high or soft pitched 

vocalisation. 

Elimination Urinate Discharge of urine from body 

Defecate Discharge of faeces from body 



2.3 The Animal Behaviour Clinic 

The Animal Behaviour Clinic (ABC) at the University of Southampton. Hampshire (50.486K 

1.178W) was used for teaching and research as well as providing service to the general public. Ever,' 

dog was referred to the clinic from veterinary surgeries situated in and around Hampshire. There 

were two behaviour counsellors at the clinic who saw clients either individually or together. Owners 

willing to participate in research projects were asked to give written authorisation for the consultation 

to be recorded and a blood sample to be taken from their dog, 

2.3.1 The behaviour consultation 

On arrival at the ABC the clients and their dogs were seated in the consultation room. The room used 

for the consultation was west facing, carpeted, and had neutral decor with large windows. The room 

measured 3 .7 metres by 2.6 metres and contained soA furnishings, a table, and a water bowl (Figure 

2.1). All items placed in the consultation room remained consistent for the duration of the study. The 

technical equipment used to film the consultation was discreet so that the owners did not feel that they 

were obviously being recorded (Figure 2.1). Four closed circuit television cameras (ESP Witness 

quad kit CCD 370) and boundary microphones (Electret BE90X) responding to 70-15kHz were used. 

All cameras and microphones were connected to a quad observation system (Elite security), which 

allowed four pictures to be displayed simultaneously (Figure 2.2). This equipment was tested for 

effectiveness during a pilot study. The recording equipment and observer were located in an adjacent 

room as in some cases dogs were being treated for aggression related disorders and this arrangement 

complied with health and sa&ty regulations. 

CAMERA 

MfCROFHONE 

Figure 2.1 Consultation room at the ABC. 
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Figure 2.2 Quad observation system at the ABC. 

Once the owners were seated, the dog was allowed off its lead and the owner(s) asked to ignore their 

dogs' behaviour. The consukatioii lasted for two hours; in the 6rst hour the counsellor asked the 

owners about the history of the dog and the development of the disorder. The discussion centred on a 

questionnaire that had been previously completed by the owner (Section 2.4.1). The second hour was 

aimed at eTglaining to the owner \\ty their dog behaved as it did and how best to treat the behaviour 

disorder using the principles of behaviour modification (Section 1.2.7). The behaviour consultation 

was sometimes subject to interruptions if the dog, owner or counsellor needed to leave the room or in 

the event of a Are drill. After the consultation a blood sample was taken by a veterinary surgeon in 

order to obtain physiological data to support the diagnosis (2.5.1). A proportion of each sample was 

made available for this research project, as permitted by the Code of Practice for Veterinary Surgeons 

(Anon. 2000), The treatment protocol was reinforced by a report, which was sent out two weeks post 

consultation, and if necessary followed up by telephone advice. The frequencies of behavioural 

disorders are shown in Figure 2.3. 
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Figure 2.3 Distribution of behavioural disorders in the sample population of dogs seen at the ABC (n=82). 
The system of classification used was by Borchelth and Voith 1982, see page 47. 

2.3.2 Recniitment and subjects 

From 14 March 1999 to 15 December 2000 dogs were recruited 6om. the ABC for use in the studies 

described in Chapters 3, 4 and 5. All the dogs attending the ABC were considered by their owners to 

have a behaviour problem for which they required help via a behaviour modifcation programme. 

Prior to attending the behaviour consultation the owners of all dogs aged at least 18 months were 

asked if they would be willing to participate in the research project. A minimum age of 18 months 

was selected, as clinical hypothyroidism is rare in dogs aged less than two years (Dixon 2001). The 

sample of dogs used in Chapters 6 and 7 were recruited separately to those recruited in Chapters 3,4 

and 5. Therefore the recruitment and signalment of the samples used in Chapter 6 and 7 are 

introduced in Sections 6.2 and 7.2 respectively. 

The dogs used in the studies comprising Chapters 3 and 5 (n=82), and Ch^ter 4 (n=81) was of mixed 

signalment. The breed groups rqiresented were gun dog, hound, terrier, utility and woridng. All dogs 

tliat were not purebred were placed in a sixth group called 'mixed' shown in Figure 2.4. The sex 

distribution is shown in Figure 2.3. 

Dogs aged less than 18 months were not included in the study. Since in several cases the exact age of 

the dog was unknown ages were classified as 18 months-6 years (n-65) and 7 years or more (n= 17). 



Numerous breeds were used and in order to have a group of dogs large enough to enable statistical 

analysis, each dog was categorised into a breed groups according to the ''UK Kennel Club. The most 

common breed group was the working group (n=27) and the least common was the hound group 

(n=3). 

Working Gun Mixed Terrier Utility Hound 

6'e;c 

Figure 2.4 Distribution of breed groups (n=82) 

The dogs were also categorised into male entire (n=:9), male neutered (n=35); female entire (n=6) and 

female neutered (n=30). In two cases females could not be categorised, as it was unknown if they 

were neutered and their owners and veterinary surgeons were unaware whether they were having or 

previously had, oestrus cycles. 

Male neutered Female neutered Male entire Female entire 

IHgure 2 5 Distribution of sex and neuter status (n=80) 

The UK. Keimel Club (http://\^'ww.tke-kennel-club.org.uk/). 

http:///%5e'ww.tke-kennel-club.org.uk/
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2.4 Behavioural data collection 

Questionnaires were composed of closed as well as open-ended questions. With the exception of the 

counsellor progression questionnaire, which included answers on a Likert scale (2.4.3). the answers to 

all other questions were categorical. The questionnaires are described generally, as each 

questionnaire was used in diSerent Chapters for various investigations. 

2.4.1 Animal Behaviour Clinic questionnaires 

The clinic questionnaire (Casey 1997, Unpublished behaviour questionnaire, included with the 

permission of author; Appendix 2) was compiled to collect information about the dog's behaviourzil 

disorder and was therefore completed by the owners prior to admission to the clinic. This process 

enabled the behaviour counsellor to have some information about the case and therefore comply with 

the necessary health and safety procedures prior to entrance to the clinic. The questionnaire was 

divided into sections entitled; background information (owners and dogs basic details), early history, 

diet, exercise, housing, training history, &mily members, medical history, the main problem, other 

problems and rehabilitation. The ABC questionnaire was also used to collect data for Chapters 5 and 

Chapter 7. 

2.4.2 Owner Interaction questionnaire 

An Owner Interaction questionnaire (Appendix 3) was completed by the owner of every dog, prior to 

attending the ABC for a behavioural consultation, based on a test procedure used by Rooney and 

Bradshaw (submitted to the Jbuma/ iS'czgnce) and was aimed at 

determining how the dog behaved when it was with a 6miliar person iti a 6miliar environment. A 

grid format was used to ask the owner about the dog's actual response to their actions (Table 2.6). 

Information about the dog's behaviour was obtained, rather than the owner's subjective interpretation 

of their dog's behaviour, but as this technique relies on owners being able to accurately report their 

dog's behaviour, it was not possible to test for inter-observer reliability. For an entirely objective 

method I could have measured every dog's behaviour in a familiar environment; however, my 

presence might have influenced their behaviour and it would also have been impractical to devote 

enough hours to each dog to record its entire behavioural repertoire. This method was used to collect 

data for Chapter 6. 



Table 2.6 Behaviour grid. The dogs' behavioural responses (top row) and the actions carried out by the owners (left hand 
column). The equivalent grid (Appendix 3) was adapted from a behavioural test developed by Rooney and Bradshaw (paper 

submitted to the Journal of Applied Animal Welfare Science). 

When you: Tail 

Nuzzle Growl Bark Whimper 

Lick 

lips or 

you 

Climb or 

jump 

up 

Sit Lay 

Avoid 

gaze Ron Paw Obey 

Approach it • • • • • • • • • • • • u 
PalM • • • u • • • • • 0 • • • 
Ignore it • • • • • • [] • • • [] • n 

Return 

after • • • • • • • • • • • • • 
leaving ii 

Can it to 

you • • 0 • • • • • • • • • • 
Ask it to sit • • 0 • • • • • • • n • • 
Ask it to lie 

down • [] • • • • • • • • 0 • • 
Raise 

voice and • • • • • • r i 
(_! • • • • • U 

point finger 

at it 

Take its 

food away • Q • • • • • • • 0 • • • 
Take its 

toy away • • • • • • • • • • • • 
Move it 

from its • • • • • • • • [] • • • 
resting 

area 

Lie on tfie 

floor with it • • • • • • • • • • • • 

Groom it • • • • • • • • • • • • • 

2.4.3 Assessment questionnaire 

Assessment questionnaires were used in Chapter 6 to monitor the progress of behaviour modification 

at 6-week intervals for 12 weeks aAer the initial consultation. Owners were asked to complete the 

Owner Interaction questionnaire (Appendix 3) and a Symptoms of H^/pothyroidism questionnaire 

(Appendix 4). This questionnaire was delivered verbally, by the visiting counsellor during foDow up 

visits: the owner was asked if they had noticed the presence or absence of several behavioural and 

physiological symptoms indicative of hypothyroidism. In addition to this, the counsellor was asked to 

complete a Behaviour Modif cation questionnaire (Appendix 5) about how elective the programme 

was in altering their dog's behaviour patterns. 



2.4.4 Hypothyroidism and behavioui questionnaire 

The H)'pothyroidism and Behaviour questionnaire (Appendix 6) was used to collect data on the 

behaviour patterns and behaviour disorders in dogs at diSerent stages and stales of ĥ TOtĥ Toidism 

(Chapter 7). The questionnaire, which was completed by the dog's owner, was composed of the ABC 

questioimaire and an additional section-that questioned the owner about the presence or absence of 

specific behavioural disorders. The study was conducted with the assistance of The College of 

Veterinary Medicine, Animal Health Diagnostic Laboratory, Michigan State University, USA, as they 

have access to a large population of dogs at diSerent stages of hypothyroidism. The dog population, 

described in Chapter 7, was comprised of four groups with difkrent categories of abnormal thyroid 

status as well as one euthyroid group. 

2.4.5 Videotaped behaviour 

The investigation of thyroid status and dog behaviour patterns (Chapter 3) required the quantification 

of dog behaviour from direct observation. From preliminary observations and a pilot study it was 

concluded that the measurement of dog behaviour was best achieved by the direct observation of 

recorded footage of the behaviour consultation. This enabled observation of spontaneous dog 

behaviour whilst in a novel environment. Preliminary observations suggested that the dogs could take 

up to 15 minutes to habituate to the new environment, and the 60-120 minute period oftai involved 

training-based interaction with the dog on the part of the behaviour counsellor, so the 15-45 minute 

period was regarded as the most usefiil. Instantaneous time sampling was used every 20 seconds of 

the 30 minute observation period to determine the behaviour of the ^fbcal dog. Behaviour patterns as 

defined from the ethogram (Table 2.5) were noted on a check sheet (Appendix 7). The behaviour 

patterns were then analysed quantitatively (Section 2.6). 

2.4.6 Diagnoses of disorders 

ClassiScation of canine behaviour disorders was required for use in Chapter 5. All behaviour 

disorders were classified by the ABC behaviour counsellors using a modified version of Borchelt and 

Voith's (1982) classiScation and the reliability of their diagnoses was tested (Chapter 5). Diagnosis 

was made &om direct observation of the dog's behaviour and the information given by the owner 

during the consultation, as well as the information provided in the ABC questiormaire. 

^ In cases where there was more than one dog present the behaviour of the referred dog(s) was studied. 
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2.5 Hormonal data collection 

Blood samples were routiiiely taken to screen, dogs for other illnesses prior to behavioural treatment. 

2.5,1 Collection of plasma sample 

With a pair of blunt rounded scissors a small area of hair was clipped away from the dogs front right 

leg in the area of the cephalic vein. The eq)osed skin was then cleaned with surgical spirit. The 

blood sample was taken using a 5ml syringe and either a 21GA^^ needle, for dogs measuring up to 

60cm at the shoulder, or a 23GA^needle for dogs measuring more than 60cm at the shoulder. The 

dog was held in the standard position for the collectioin of a blood sample from the 6ont right leg. 

The procedure requires two people, a veterinary surgeon and an assistant (myself). The assistant bent 

down on one knee at the left side of the dog with her right arm placed round the body of the dog and 

her right hand holding up the 6ont right leg of the dog. The thumb of the rigjht hand drew the skin in 

order to expose the cephalic vein. The assistant's left arm was positioned around the dog's neck to 

hold the head in a position facing away ^-om the vet who extracted a sample of blood. 

The blood sampling procedure can be considered as stressful (Egwu 1990). Venipuncture in sheep, 

for example, causes an increase in plasma Cortisol (Falconer 1976). All blood samples intended to be 

used for the determination of Cortisol concentrations were collected within 3 minutes of handling the 

dog, based on evidence that in rodents glucocorticoid measures taken within this time frame were 

reflective of baseline stress state and not aSected by the process of the handling procedure and 

venipuncture (Tuber et al. 1996; 4 minutes according to Heimessy et al. 2001). All dogs were 

muzzled as a precautionary measure and as change in dress can affect some subjects (Gay 1968), the 

style of clothing worn by the veterinary surgeon and assistant was the same as in the consultation, and 

neither ^^tite coats nor overalls were worn in case these triggered aversive behaviour learned during 

previous veterinary procedures. 

The blood was then immediately transferred into a 10ml lithium hqiarin tube and a lid placed on top. 

The tube was gently manually rotated in order that the blood adhered to and mixed with the heparin 

coating on the side of the tube. The tube was then placed into an uitracentrifuge (Heraeus Sepateh 

Suprafiige 22) and spun at SOOOrpm (1630G) for six minutes. With a disposable pipette, the plasma 

was separated firom the red blood cells and equal amounts of the plasma were aliquoted into cryogenic 

vials. Sealed lids were placed on the vials, which were labelled with the date and the owners' name. 

' The samples were 6ozen in an upright position at -20°C. Once frozen these sarrgles were placed in 

labelled bags and stored for subsequent and appropriate bioassay. The plasma was frozen while in an 

upright position and repeated freeze/thaw cycles were avoided. Samples that were haemolysed, where 
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the integrity of the red blood cells was lost with the resulting release of haemoglobin, or grossly 

lipaemic, where excess 6tty acid was present in the sample, were rejected. 

2.5.2 Which hormones to measure and why? 

Several authors have reviewed the advantages and disadvantages associated with diSerent methods of 

measuring the thyroid hormones (Appendix 8). These methods can be speciSc measures of the 

thyroid gland or thyroid hormones, or, as hypothyroidism is a multisystemic disorder (Hutchinson 

1990), indirect non-specific measures may also support a clinical diagnosis. Non-speciBc tests 

include radiology, electrocardiogram measures, haematology changes, biochemical changes, urine 

changes and skin biopsy, however, due to the subtle onset of the disease, specific tests of thyroid 

function are more accurate. Before I consider the specific methods for assessing thyroid function I 

will recap on the clinical significance of the thyroid hormones. 

TRH is produced by the hypothalamus, which stimulates the pituitary gland to secrete TSH. TSH in 

turn acts on the thyroid gland to release predominantly T4, which is converted into T3. The release of 

TSH and TRH is controlled by negative feedback from T4 and T3. The circulating T4 is almost 

entirely bound to serum proteins and only a small amount is present as free T4, although it is widely 

considered that only the 6ee fiaction is biologically active (Chastain and Ganjan 1986). rT3 is 

formed fi-om monodeiodination of T4 in the peripheral tissues and rT3 titres increase during periods 

of non-thyroidal illness (NTI) and in the presence of glucocorticoids. 

Specific tests of thyroid function include the detection of low circulating T4 or T3, but as a number of 

factors other than inappropriate thyroid function can affect the plasma concentration of the thyroid 

hormones, specific tests for individual thyroid hormones are not always the best indicator of thyroid 

damage. The TSH stimulation test has been recommended as a more effective way of diagnosing 

hypothyroidism (Eckersall and Williams 1983; Heripret 1997; Ferguson 1991), in which basal serum 

T4 is measured before and after TSH stimulation of the thyroid gland. However, due to a shortage of 

bovine TSH (Ferguson 1994; Eckersall and Williams 1983) and the high cost of the pituitary hormone 

(Eckersall & Williams 1983) the TSH stimulation test is not always feasible. In addition the TSH 

simulation test may give a normal result in the early stages of autoimmune thyroiditis (Johnstone 

1988). 

Before hypothyroidism can be detected 75% of thyroid foDicular tissue must be destroyed (Ferguson 

1991). The onset of autoimmune thyroiditis is subtle whereby the destruction of thyroid tissue takes 

up to several years to occur and clinical symptoms only occur once thyroid glandular reserves are 

depleted (Dodds 1997). Therefore, it is possible to test for the presence of thyroglobulin antibodies 

(TgAA) and/ or to antibodies to the thyroid hormones (T4AA and T3AA). However, the presence of 

these antibodies does not definitely diagnose hypoth^Toidism (Merchant and Taboada 1997) as 
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thvroslobulia leakage 6om the th-sToid eland is a normal occurrence and increasss the tendency for 

normal animals to develop TgAA and T3AA (Ferguson 1991). 

T4 and TSH concentrations are usefiil for the diagnosis of hypothyroidism in dogs: however, some 

dogs with clinical hypothyroidism will have serum TSH concentrations within reference limits 

(Peterson oZ. 997) and 18-38% of dogs with hypothyroidism have a TSH measurement in ihe 

reference range consistent with euthyroidism (Bruner et al. 1998). In addition, elevated TSH is not 

uncommon in euthyroid dogs (Dixon gf a/. 1997). A 61se positive can be avoided by measuring T4 

as well as TSH (Dixon et al. 1999). Dixon and Mooney (1999a) noted that T4 and TSH measurement 

in a single sample is a valuable tool for diagnosis of hypothyroidism. 

T4, T3 and rT3 measures may he^ to con8rm a decrease in T3 associated with non-thyroidal illness 

(Ferguson 1984; Section 1.5.5). Ferguson (1988) noted that measures of rT3 are best interpreted with 

measures of T4 and T3 because all rT3 is derived 6om T4 in which the 5'deiodination has been 

inhibited. 

Other combinations for the diagnosis of hypothyroidism include a measure of T4 and cholesterol 

concentrations (abnormally high cholesterol levels are associated with hypothyroidism), 

radionucleotide studies, thyroid biopsy and the TRH sdmuiationtest, (Hutchinson 1990). However, 

Frank (1996) states that the TRH stimulation test is not a useful means of diagnosing hypothyroidism 

in dogs. It has been suggested that T3 measures can be unreliable, but Marquez gf cA (1986) notes that 

T3 measures are reliable if the plasma is extracted within 24 hours of sampling. 

Commercial kits are available and commonly used for the assessment of thyroid function in dogs. For 

the purposes of this study kits were used for the measurement of T4, T3, rT3 and TSH, which was 

measured for all dogs by radioimmunoassay (RIA; Appendix 8 for justification of RJA for the 

determination of thyroid hormones), as this is elective for the measuremenit of the thyroid hormones 

and Cortisol (Reimers ef aZ. 1982). In some cases TgAA was also measured and this was done by 

indirect enzyme immunoassay (ELISA). 

2.5.3 Measurement of hormones 

As there were difkremces in amount of blood collected &om each dog, the order of priority for 

thyroid testing was T4, T3 and TSH, and there was insu&cient plasma to test six dogs for TSH. The 

analysis of plasma was carried out at a commercial laboratory (Cambridge Specialist Laboratoi]' 

Services, Sawston, Cambridge, UK; CSLS); therefore it was nHcessary to determine the reliability and 

specificity of the assay procedure. Thus, the assays were tested for precision and quality control data, 

which is available for T4, T3, TSH and Cortisol and is presented in j<^pendix 9.1 piloted the kit used 

for T4 at a University' of Southampton laboratory' (Appendix 10) and I observed and assisted in the 
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analyses of T4, T3 and TSH al CSLS. The measurement of rT3 by RIA and TgAA by ELISA were 

carried out in my absence. However for completeness I have included the technical methods for all 

procedures (Appendix 11). 

Kelley and Oehme (1974) was the Srst-to put forward normal thyroid hormone concentrations for 

dogs. However, Ksmppainen and Behrend (1998) suggested that the deduction of normal ranges 

from the measurement of hormones in healthy dogs could be misleading, as euthyroid dogs can give 

61se positive readings for TgAA. However, it is usual to refer to the laboratory reference ranges for 

the interpretation of concentrations of hormones. Normal reference ranges, as supplied by CSLS, are 

given in Table 2.7. These were used in Chapters 3,4 and 5, In Chapter 7, different assay methods 

were used and the reference ranges were supplied by The Endocrine Diagnostic Section, The College 

of Veterinary Medicine, Animal Health Diagnostic Laboratory (AHDL), Michigan State University 

(MSU). 

Table 2.7 Reference ranges for the thyroid hormones, 
TgAA a n d Cortisol in d o g plasma, supplied b y C S L S 

Hormone or antibody Normal range 

f 4 13-52nmol/l " 

T3 0.3 - 2.5 nmol/l 

TSH < 0.41 ng/ml 

TgAA <120% Negative 

(121%-200% Borderline positive) 

rT3 0.2743.61 ng/ml 

Cortisol Up to 250nmol/l 

2.6 Statistical methods 

2.6.1 Preliminaries to inferential statistical testing 

Prior to hypothesis testing, the data was explored using descr^tive statistics. The primary reason 6)r 

exploratory data anal̂ ŝis was to examine the distribution of the data in order to select parametric or 

non-parametric tests. Histograms, means, medians, standard deviations and ranges were used to 

produce a summary of the data prior to more detailed statistical analysis. Categorical, interval, 

ordinal and continuous data had all been collected and appropriate statistical tests were selected for 

each (Table 2.8). ^ 

In some cases it was necessary to reduce large quantities of behavioural measures into composite 

variables, which could then be used for inkrential analysis. Principal components analysis (PCA) 
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was selected as a data reduction technique suitable for combining variables into underlying Factors 

for use in parametric tests. The test makes some assumptions that all data is continuous and normally 

distributed, but it is generally accepted that in practice a nonnal distribution is not essential for all 

variables. PCA is used on data for which there are at least two variables measured on the same 

individuals, converted into z scores (mean=0, S.D.^1) prior to analysis. The analysis can be 

conceived of as plotting all the points and then drawing lines of best fit through the points. The first 

line accounts for the most variation in the sample and a line at right angles to the &rst hne forms the 

second component, and so on (Dytham 1999). 

The importance of the Factors is given as Eigenvalues (an Eigenvalue of 1 indicates equivalent 

variation to one original variable), which can be converted into a percentage of variation. The 

cumulative variation indicates how much of the variation in the data set is accounted for by each stage 

of the PCA. The Eigenvalues can be used to generate a Scree diagram from which an abrupt break in 

slope of the line indicates a cut off point, below which Factors are not usually considered to be 

informative, whereas the Factors above this point are considered useful and can be used as variables 

in further analysis. The original variables are loaded on each factor and each can usually be allocated 

to a single Factor, although occasionally an original variable can be strongly loaded on more than one 

factor. PCA was used in Chapters 3 and 4. In some cases a Varimax rotation was used, this is a 

method rotation that reduces the number of variables that have high loadings on each factor and 

therefore simplifies the interpretation of the factors. Transformation was required to normalise data 

for use in parametric tests, by eliminating the dependence of the variance on the mean. The square 

root method of transformation was used as the variation in the data was proportional to the mean; 0 .5 

was added to the sample before square root transfbimation, as some of the data set contained samples 

measuring less than one. Square root transformation was used in Chapter 6. 

The Kappa statistic was used to measure the levels of agreement between the two independent 

classifications by measuring the amount of agreement between multiple values, this test is suitable for 

cases where several subjects have to assign to difkrent classes. The inter-counsellor reliability was 

tested in Chapter 5 using the Kappa statistic. 

The Cronbach alpha coefficient of consistency was used in Chapter 6 in order to determine the degree 

of association between five questions compiled in a questionnaire. 

2.6,2 Parametric and non-parametric tests 

Parametric tests require that the test variable is measured on an interval or ratio scale and both the 

dependant and independent variables were normally distributed. Inferential data analysis involved the 

use of both parametric and non-parametric tests, as the use of non-parametric statistics is suitable for 

measuring the relationship between thwoid hormones and psychosomadcs (Mason 1968). Due to the 



lack of research in this particular area of behavioural endocrinology no predictions were made about 

the results prior to the commencement of each project. Therefore aU statistical tests were two tailed. 

The signiGcance levels for aD tests ^0,05. 

Table 2.8 Utilised statistical tests 

Test Statistic Parametric / 
Nan parametric 

Appropriate data Used in 
Chapter(s) 

Reference 

Spearman's rank 
correlation 

rs Non-parametric Ordinal / Interval 3 
4 
6 

Fowler and Cohen (1990) 

Cronbachs alpha a Non-parametric Interval 6 Zar(1996) 

Analysis of covariance F Parametric Interval 6 Roberts and Russo (1999) 
ANOVA F Parametric Interval 3 

4 
Roberts and Russo (1999) 

Mann-Whitney U-test U Non-parametric Ordinal / interval 3 
7 

Martin and Bateson (1993) 

Kappa statistic K Non-parametric Nominal 
/Categorical 

5 Siegel and Castellan (1988) 

Kmskall Wallis test k Non-parametric Ordinal 7 Dytham (1999) 
Chi squared test Non-parametric Nominal / 

categorical 
7 Russell and Roberts (2001) 

2.6.3 Statistical programs 

All analysis was done using SPSS for Windows release 10.0 standard version. Excel 2000 for 

Windows NT and Lotus 123 for Windows NT. 
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Extracts of results presented at the British Small Animal Veterinary Association Annual Congress, International 
Convention Centre, Birmingham, England, 5-8 April 2001 and as a poster at the Third International Congres; on 
Behanoural Medicine, Vancouver, BC, Canada, 7-8 August 2001. 
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3.1 Introduction 

The vetsrinary literature reveals that hypothyroidism is the most commonly diagnosed endocrine 

disease in dogs (Swenson & Reece 1993, Bebrend e( a/. 1998) for which lethargy and heat seeldng 

behaviour are the usual behavioural symptoms. However in the past 20 years, veterinarians and 

behaviourists have suggested that hypothyroidism could also be a cause of canine aggression 

(Reinhard 1978; Dodds 1992; Gerzovich 1995; Dodman & Shuster 1998; Scott 1999). One 

mechanism by which hypothyroidism and aggressive behaviour patterns has been proposed to occur is 

that low concentrations of thyroid hormone can cause impairment of cerebral function, which has 

previously been reported as a cause of aggressiveness in the dog (Reinhard 1978). Dodman et al. 

(1995) describes two dogs presented with aggression disorders that were diagnosed with autoimmune 

thyroiditis. Dodds (1992) also describes a decrease in aberrant behaviour patterns when dogs were 

given thyroid replacement therapy. The relatianship between thyroid dysfunction and dog behaviour 

is not well established and for mammals in general there is no indication that thyroid hormones 

directly influence discrete behavioural responses (Dewsbury 1978; Leshner 1978). However, stress 

hormones such as the glucocorticoids produced by the adrenal gland have been shown to directly 

influence behaviour in mammals (Carlson 1998), as well as suppressing thyroid hormone production 

in dogs and humans (Section 1.6). Stress responses can be associated with aggressive and hyperactive 

behaviour patterns, and also result in Cortisol production which in turn can cause a reduction in 

circulating plasma thyroid hormone concentration (Section 1.6). 

Therefore, rather than the concentration of thyroid hormones controlling the behaviour of the 

individual, aggressive behaviour patterns could be a reflection of a chronic stress response reflected in 

glucocorticoid production which subsequently exerts an inhibitory effect on thyroid hormone 

production. In order to determine the relationship between stress, behaviour patterns and thyroid titre 

this study examined the types of behaviour patterns exhibited by dogs in a clinical population many of 

which were considered to have a stress-related behavioural disorder including dogs with stress related 

aggressive behaviour. Each dog's behaviour was then compared to its thyroid status. Emphasis was 

placed on determining whether dogs exhibiting aggressive behaviour patterns have lowered thyroid 

titre, and whether dogs with lowered thyroid hormone titre exhibit the typical symptoms associated 

witli hypothyroidism such as inactivity. 

3.1.1 Outlineandaimsofchaptsr 

This chapter describes an e^loratory study that aims to investigate empirically the possibility that 

lowered thyroid hormone titre may be associated with inappropriate aggression. The methodology is 

summarised in Chapter 2, to which reference is made where appropriate. The results of inferential 

statistical testing are presented and the discussion critically considers the probable relationship 
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benveen the dog thyroid hormone titre and behaviour patterns. The relationships between the 

individual thyroid hormones within this population are also considered. 

This is a survey study aimed to test the general hypothesis that there is a cxarrelation between thsToid 

hormone levels and the behaviour of dogs. To investigate this hypothesis one approach would have 

been to test whether there is a diSerence in the thyroid hormone trtres of dogs with and without 

behaviour disorders. However, this would have entailed assembling a matched control group of dogs 

without behaviour disorders and testing their thyroid honnone titres. As there is no established 

definition of a behaviour problem/disorder and because dog owners have different considerations as 

to what is inappropriate dog behaviour (Rooney 1999), recruiting a matched control group was 

infeasible. Additionally, due to the requirement of restraining and muzzling dogs for the blood 

sampling procedure, it was not considered ethical to test seemingly healthy dogs and this would also 

have required a Home Office licence. Therefore, I chose to explore the relationship between hormone 

levels and behaviour solely within a clinical population of dogs with a range of behaviour disorders. 

3.1.2 Rationale 

Deduction of this relationship may highlight behavioural symptoms indicating the onset of canine 

hypothyroidism and determine if dogs with behaviour disorders have altered thyroid Amotion. Such 

clarification wiH assist in the prompt diagnosis and appropriate treatment of hypothyroidism and 

behaviour disorders in dogs. Fundamentally, the mental and physical health of affected dogs can 

thereby be improved, enhancing the welfare of such dogs. 

3.1.3 Survey of dog behaviour patterns and thyroid status 

Although aggressive behaviour is not typically associated with clinical hypothyroidism (Section 

1.5.2) it is possible that the transition 6oin euthyroidism to hypothyroidism may alter an individual's 

perception of their environment, lower thresholds for anxiety, and result in conflicting motivational 

states. Any of these changes could possibly manifest as an increased tendency for the exhibition of 

inappropriate aggressive behaviour, and/or other behaviour disorders, (the individual's breed, 

adequacy of socialisation and lifetime experiences will also influence the probability of developing a 

behaviour disorder: Section 1.2). Thus, I examined the distribution of thyroid hormone titres in dogs 

presented with behaviour disorders. 

There is no unanimously favoured test for clinical hypothyroidism in dogs (Section 2.5.2), but lower 

than normal plasma levels of T4 and/or T3, combined with an increased plasma level of TSH are 

generally indicative of a hypothyroid state (Section 1.5). Whilst it is not known if individual 

hormones comprising the HPT axis exert behavioural effects, the physiological role of each thyroid 

hormone is well estabhshed, and relative concentrations of the thyroid hormones are known to be 

associated with the degree and t '̂pe of h};pothyroidism (Section 1.5). 



This stiidy was conducted at the Animal Behavioiir Clinic (ABC; Section 2.3) in which several dogs 

attending the clinic for behaviour modiGcation had blood samples taken for the measurement of T4, 

T3 and TSH. To objectively examine the dogs' behaviour. I measured their behaviour patterns in a 

novel environment. An akemative mediod would have been to interview the owner about their dog's 

behaviour and ask them open-ended questions; however, this method may introduce inconsistencies 

and anthropomorphism due to the subjectivity of the owner's descriptions and the dissimilarities in 

dog-owner relationships. 

3.2 Methods 

The methods are described in summary as a full detailed description of each procedure can be found 

in the General Methods, Chapter 2; reference is made to the relevant sections. 

3.2.1 Subjects and-recruitment 

The dogs used in this study (n=82) were of mixed signalment and recruited &om the Animal 

Behaviour Clinic, University of Southampton, UK (Section 2.3). All the dogs were considered by 

their owners to have a behaviour disorder, for which they required a behaviour modiRcation 

programme. Each dog was referred by its veterinary surgeon for treatment. The most commonly 

referred behaviour disorder was fearful aggression towards humans and the least common behaviour 

disorder was pain-induced aggression (Section 2.3.2). 

3.2.2 The consultation 

With the informed consent of the owner, the behaviour of the dog was recorded during the 

behavioural consultation (Section 2.3). A canine behaviour ethogram was used (Section 2.2) to 

measure the behaviour patterns observed. Instantaneous time sampling was used on the subject dog 

every 20 seconds for the 15-45 minute period mid-consultation (Section 2.4.5). Nine mutually 

exclusive behaviour patterns were noted on check sheets (Section 2.4.5). 

At the end of the consultation a blood san^ l̂e was taken (Section 2.5.1) and analysed for T4, T3 and 

TSH concentrations by radioimmunoassay (Appeiidix 11). Due to differences in the amount of blood 

collected from each dog it was not always possible to test for all, three hormones (T4. T3 and TSH): so 

the order of priority for thyroid testing %%s T4, T3 and TSH. The normal ranges for the th}Toid 

hormones T3, T4 and TSH are shown in Table 2.7. Whilst T4 and T3 had a minimum and maximum 

value defining the euthyroid range, the normal range for TSH was defined as any value <0.41mg/ml. 



However, the radiomimunoassay for TSH was sensitive to O.lng/ml and several dogs had a TSH 

reading below this, so the precise concentration of TSH for these dogs is unknown. TSH titre for these 

dogs was recorded as 0. Ing/ml for use in statistical analysis as omitting these dogs would have 

reduced the sample size substantially. 

Several confounding factors are known to influence thyroid hormone titre, which may cause false 

results (Section 1.5.5). These include: vaccination of dogs in the two weeks preceding blood 

sampling, illness, whether or not dogs were on any current medication, and time of oestrus in entire 

females. In total, 11 dogs presented with confounding &ctors and no individual dog presented with 

more than one confounding factor. 

3.2.3 Statistical analysis 

Graded behaviour patterns were rated on a three-point scale (scored as -1, 0 or +1), as measuring the 

presence or absence of such behaviour would not sufBciently account for the variations of the 

behaviour patterns observed (Table 3.1), and several behaviour patterns were combined into one 

behavioural variable. For example, the variable "tail position" was comprised of the behaviour 

patterns tail flag, tail relax and tail tuck. In the case of measuring Proximity a value of one indicates 

tliat the dog was located near (10cm) 6om a familiar person, object or dog (Section 2.2.3). 

As behaviour consultations were subject to interruptions and dogs were sometimes out of camera 

shot, there were differences in the total observation period fbr each dog (Section 2.2.2.2), however, 50 

dogs were observed fbr an entire 30 minutes and the minimum bme observed, fbr any dog was 7 

minutes. Therefore, the rate was calculated fbr each behaviour variable (as defined in Table 3.1) by 

dividing the total score by the total number of observations. 

Table 3.1 Behaviour patterns comprising behavioural names and score 

Variable name Behaviour patterns Score 

Body Position Stand 1 

Sit 0 
Lay -1 

Head position Up 1 
Level 0 

Down -1 
Ear Position Up 1 

Down 0 
Tail position Flag 1 

Relax 0 
Tuck 

Tail movement Wag 1 / 0 
Bark Barking 1 / o 
Growl Growling 1 / o 
Whimper Whimpen'ng 1 . /o 
Proximity Near familiar 1 / o 



The behavioural variables were then tested for correlatioiis using Speaiman's rank order correlation 

(Section 2.6.2). Rotated PCA with Kaiser normalisation (Section 2.6.7) used to identify 

behavioural Factors. The Scree diagram method was used to indicate interpretable Factors and those 

\withaa Eigforvalue bdoTv I.O ipM%n;rK#retaiDedL Incuxkarto dechice ifthf%eTvere;anytn:ads IbetVMxau 

signalment and the Factors, ANOVA was used to test for relationships betweai the factors and the 

dcyrs' zyge (grcnipediato 18irKmths-6 yeau^zuid >^r]fears), lyreed grcxip (jtu^TTerrwa: 

Hound, Utility and mixed) and sex (female neutered, female entire, male neutered and male entire). 

Thyroidal measures 

The relationship between the concentrations of the thyroid hormones was examined using Spearman's 

rank correlation in order that any abnormal associations could be explored. As the presence of 

confounding factors was uncommon a new binary variable was constructed for the presence or 

absence of any confounding factors and the independent Student's unpaired /-test was used to test the 

overall ef&cts of confounding factors on the thyroid hormone titres. 

After independent examination, the behavioural and thyroidal data was analysed collectively (Section 

3.3.3) and Spearman s rank correlation was used to examine the relationship between the thyroid 

hormones (T4, T3 and TSH) and each of the behavioural factors produced from the PCA. As 48% of 

the test population had a TSH titre Ing/ml Mann Whitney U test, (Section 2.3.2) were used to 

determine whether behavioural factors diSered between dogs with a TSH titre <0. Ing/ml and those 

with TSH titre >0. Ing/ml. 

3.3 Results 

3.3.1 Behavioural data analysis 

AH nine bebavioural variables were correlated and of the 36 possible combinations, 33% were 

significant (p<0.05; Table 3.2). PCA with a varimax rotation and Kaiser normalisatiom (Section 

2.6.1) on the behavioural variables produced three factors accounting for 57% of the cumulative 

variance. These factors were named; Alertness (Factor 1), Activity (Factor 2) and Aggressivity 

(Factor 3) and included all 9 behavioural variabies were strongly weighted on a single Factor. 

Alertness comprised the behaviour patterns Tail Position, Tail Movement and Barking. Activity 

conq)rised the behaviour patterns Body Posture, Head Position and Whii]:q)er, whilst Aggressivity 

included the remaining behaviour patterns measured which were Ear Position, Growling and 

Proximity (which described the dog's location relative to a familiar object or person) (Table 3.3). 



Fable 3.2 Significant correlations between behaviour patterns 

Associated behaviour pattern Spearman's rank order 
correlation 

2-Tailed 
significance level 

Head position and body posture r, = 0.508 p<0.0001 

Tail position and body posture r, = 0.518 p<0.0001 

Tail movement and body posture r, = 0.464 p<0.0001 

Proximity and body posture r. = -0.236 p<0.05 

Tail movement and head position r. = 0.238 p<0.05 

Barl( and ear position r, = 0.287 pO.OI 

Tail movement and tail position r, = 0.690 p<0.0001 

Bark and tail position r, = 0.255 p<0.01 

Bark and tail movement r, = 0.317 jtxo.oi 

Whimper and tail movement r, = 0.231 p<0,05 

Proximity and tail movement r, = -0.238 p<0.05 

Proximity and bai1( r, = -0.235 p<0.05 

Table 3.3 The behaviour patterns and scores comprising each of the three factors produced by PC A. 

Factor 1 Factor 2 Factor 3 

% of variance explained 31% 14% 12% 

Behaviour pattern Alertness Activity Aggressivity 

Bark 0.816 -0.172 0.038 

Tail Position 0.810 0.174 0.001 

Tail movement 0.752 0.374 -0.113 

Head position 0.074 0.749 0.148 

Whimper 0.005 0.695 -0.145 

Body Position 0.577 0.596 -0.078 

Growl 0.000 -0.046 0.693 

Proximity -0.321 0.055 0.595 

Ear Position 0.331 -0.043 0.482 

There were no signiScant associations between the Factors and the dogs' age class, (Alertness 

F=1.87; Activit)' F=1.46; Aggressivity F=0.79: all 1 d.f.) breed (Alertness F=0.22; Activity F=:1.58: 

Aggressivit)' F=1.53: all 5 d.f.) and sex (Alertness F=0.90: Activity F=0.73: Aggressivity F=0.12: all 

3 d.f). 
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3.3.2 Thyroidal data analysis 

The distribution of tlie tb^Toid hormones T4, T3 and TSH are shown in. Figures 3.1, 3.2 and 3.3 

respectively. Comparing this sample to tbe normal hormone titres for T4, T3 and TSH (as supplied 

by CSLS; Table 2.7) indicates that 10 dogs had either a T4, T3 or TSH titre outside of the normal 

range. One dog had both T4 and T3, and another both T3 and TSH outside of the normal range, and 

their owners were advised to have the dogs retested for clinical disease. One dog (Figure 3.1) had a 

T4 titre marginally above the euthyroid range, which is unusual in dogs (Chastain and Oanjam 1986). 

This dog did not have any behavioural or anatomical symptoms of hyperthyroidism; it is possible 

however, that this could have been indicative of the early stages of canine autoimmune thyroiditis as 

fluctuations in circulating T4 are evident in humans developing Hashimoto's thyroiditis (Volupe 

1996). Fluctuations are thought to be occur due to homeostatic feedback loops acting to increase 

levels of plasma T4 in response to the binding of T4 to autoantibodes in the early stages of 

autoimmune disease. 

Student's unpaired t test was used to examine the effect of the confounding factors on T4, T3 and 

TSH; no significant associations were found. Those dogs with confounding variables showed no 

significant difference to those without confounding variables in thyroid hormone concentrations (T4, 

t=0.9, d.f =80, j7>0.05; T3,t=1.7, d.f=79,jp>0.05; TSH, 1=1.0, d.f=74,;,X).05). 
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Figure 3.1 Cumulative distribution of 14 (nmol/l) for all the dogs in the population. 
The area between the solid lines indicates the euthyroid range. 
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Figure 3.2 Cumulative distribution of T3 (nmol/l) for all the dogs in the population. 
The area between the solid lines indicates the euthyroid range. 

M 1.2 

Dog in order of TSH 

Figure 3.3 Cumulative distribution of TSH (ng/ml) for all the dogs in the population. 
The area below the solid line indicates the euthyroid range. 

Ths relationship between the thyroid honnones was explored and is shown in jSgure 3.4. Spearman's 

rank order correlation was used to test for relationships between the thyroid hormones. There was a 

signiGcant positive correlation between T4 and T3 and a non-sigcdScant positive correlation between 

T3 and TSH (Table 3.4). 
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Figure 3.4 Association between T4, T3 and TSH (The position of dog number 38 is highlighted as this individual 
scored very high on Aggressivity and is relevant to discussion in Section 3.3.3) 

Table 3.4 Correlation between thyroid hormone titre 

T4 T3 

T3 r, = 0.496 

p<0.0001 

n=81 X 
TSH r, = -0.101 r, = 0.208 

p>0.05 jD=0.07 

n=76 n=76 

The nonsigni6cant trend between TSH and T3 was explored further as half of the dogs in the san^le 

had a TSH titre of <0. Ing/ml (Figure 3.3). This is attributable to the sensitivity of the 

radioimmunoassy assay technique for the detection of TSH titres from canine plasma, which was 

sensitive to a minimum value of O.lng/ml (Section 2 J. J. 3). Results indicate a larger range of T3 

values in dogs widi TSH titres <0. Ing/ml (Figure 3.5), while the median value of T3 for dogs with 

TSH titres of <0. Ing/ml and >0.Ing/ml wajs 1.0 nmol/I and 1.1 nmol/1 respectively. 
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Figure 3.5 Box-and-whisker plot of the range of T3 for dogs with TSH titres of <0.1ng/ml and >0.1ng/mi. Solid lines 
indicate medians; the box extends from the 25^ to the 75^ percentile, and the four horizontal lines the minimum 

and maximum values, except for the single point at T3=1.8nmol/l which is an outlier (dog no. 49). 

3.3.3 Comparing behavioural and hormonal data 

Speannan's rank order correlation was used to test fiar correlations between the behavioural 6ctors 

and the thyroid hormone concentrations T4, T3 and TSH in each dog (Table 3.5). 

Table 3.5 Spearman's rank order correlation coefficients ( r j 
between the behavioural factors and the thyroid hormones. 

Factors T4 T3 TSH 

Alertness r. = 0.076 r, = -0.003 r, = -0.033 

Activity r, = 0.120 r, = 0.223 fs = 0.386 

p<0.05 p=0.001 

n=80 n=75 

Aggressivity r, = 0.237 r, = 0.058 r, = -0.151 

pO.OS 

n=81 

Low scores for Activity were generally associated with low titres of T3 (r, = 0.233:/i<0.05) (Figure 

3.6) and v̂ oth low titres of TSH (r, = 0.386 ̂ O.OOI) (Figure 3.7). 
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Figure 3.6 The relationship between T3 concentration (nmol/1) and score for Activity (rs = 0.233, p<0.05; measures 
are at 0.1 intervals as this is the accuracy of the results generated by the assay procedure). 
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Figure 3.7 The relationship between TSH concentration (ng/ml) expressed as log,, and score for 
Activity (r, = 0.386, p=0.001). 

Since TSH titres were not contiaiiously distributed^ the relationship with Activity' was also tested by 

Maim-Whitney, congaaiing dogs with titres < 0. Ing/ml and >0. Ing/ml. The median ActiMt)' values 

for dogs with a TSH titre <0. Ing/ml and >0. Ing/ml groups was -0.28 and 0.34 respectively; Mann-

Wbitney test, U=3§9, j:F=0.001; Figure 3.8) confirming the result of the correlation that lower values 

of TSH were associated with lower levels of ActivitY. 
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Figure 3.8 The relationship between Activity and TSH for dogs with TSH tltres of < 0.1ng/m] and O.lng/ml. 

I further considered the possibility that the associations between Activity and T3 and Activity and 

TSH may have been due to the nonsignificant association between T3 and TSH (Table 3 .3). Ideally, 

carrying out a partial correlation would usually test such an association; however as partial correlation 

is based on a Pearson's correlation coe@cient (and thus a normal distribution) this test was not 

suitable for TSH, which had a skewed distribution. 

Therefore, I divided the subjects into two groups, one with TSH litres of < O.lng/ml and the other 

with TSH titres of >0.1ng/inl, and examined the relationships between T3 and Activity separately 

^̂ dth Spearman's rank correlations. The relationships between Activity and T3 titres in the group of 

dogs with TSH titres of < 0. Ing/ml and in the group of dogs with TSH titres >0. Ing/ml were not 

signiGcant a t^0 .05 but the coe&cient for dogs with TSH < O.lng/ml was higher than that obtained 

when the two groups were combined (Table 3.6), conGiming that T3 is linked to Activity in those 

dogs with detectable levels of TSH (Wien TSH levels were >0. Ing/ml). 

In order to determine if Activity and TSH was associated in those dogs with detectable levels of TSH 

1 examined the relationship between Activity and TSH in those dogs with TSH>0 . Ing/ml with 

Spearman's rank correlation, the association was non-significant (r, -0.18, ^0.28). 

OJ 



Fable 3.6 Association between Activity and T3. Tiie correlation coefficients and p values for a) all dogs for which 
TSH was measured, b) dogs with a TSH titre >0.1ng/ml and c) dogs with a TSH titre =<0.1ng/ml 

Association between Activity and T3 

a) All dogs b) Dogs with TSH titres >0.1ng/ml c) Dogs with TSH titres ^.1ng/ml 

N= 

Correlation coefficient 

p value 

80 

0.22 

<0.05 

37 38 

0.29 0.09 

>0.05 >0.05 

High scores for Aggressivity were associated with high T4 titres (r, = 0.237 j?<0.05; Figure 3.9). 

Dog number 38 had a very high aggressivity score (Figure 3.9) and therefore it was possible that 

inclusion of this atypical individual could have biased the results. Therefore the analysis was 

repeated omitting this individual from the sample, however, the results (Table 3 .7) remained similar 

to those presented in Table 3.5. 

Dog No. 38 

(A U) 
2 O) 
< 

-2 , 

10 20 30 40 50 60 

T4(nmol/l) 

Figure 3.9 The relationship between T4 (nmo!/l) and score for Aggressivity (r, = 0.237, p<0.05). 
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Table 3.7 Spearman's rank order correlation coefficients ( r j between the 
behavioural factors and the thyroid hormones having omitted dog number 38 

Factors T4 T3 TSH 

Alertness r. = 0.085 r. = 0.014 r, = -0.044 

Activity r, = 0.126 r. = 0.237 r. = 0.382 

p<0,05 p=0.001 

n=79 n=74 

Aggressivity r. = 0.224 r. = 0.025 r, =-0.132 

p<0.05 

n=80 

Dog number 38 was a female neutered Springer Spaniel attending the ABC as a result of developing z 

separation related disorder, however, during the course of the consultation it became evident that this 

dog also had a fear aggression behaviour disorder. The heavily signalled entire range of agonistic 

behavioural patterns shown prior to biting the behaviour counsellor may have contributed to its high 

scoring for Aggressivily. This dog had an elevated T3 titre relative to other dogs in the population, 

and a TSH titre of<0 Ing/ml (Figure 3.4). 

3.3.4 Summary of results 

High scores for aggressivity were associated with high T4 trtres. Low scores for activity were 

associated with low titres of T3 and titres of TSH <0, Ing/ml. The associations between T3 and 

Activity and TSH and Activity are largely independent of the relationship between T3 and TSH, but 

may apply to diSerent dogs; low Activity is associated with very low TSH (independent of T3) but 

when TSH is detectable, low activity is more closely associated with low T3. 

3.4 Discussion 

3.4.1 Initial findings 

The sample of dogs used in this study was of mixed composition; 79% of the dogs were aged between 

18 months and 6 years. The under representation of older dogs is as would be expected in a re6rred 

behavioural clinical population, possibly because owners tend to be more accepting of the behaviour 

of older dogs and often accept that "you can't teach an old dog new tridks" and because many 

behaviour disorders tend to be more obvious in younger dogs, which are generally more energetic and 

are display more active behaviour patterns. Only 18% of the dogs were mixed breed; this is not 

unusual in a referred population as owners who purchase their dogs &om breeders often expect higher 

standards of performance 6om them and are more likely to seek advice for in^propiiate behaviour, 

hence, crossbreeds are under represented. Additionally, a proportion of purebred dogs are shown at 
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dog shows where ±ey are required to be well behaved and tolerate handling by judges and close 

contact with other dogs. Most of the dogs (79%) were neutered irrespective of sex. Neutering is 

often considered a panacea for behaviour disorders by veterinarians and is therefore often the first 

step owners often take in an atteropt to resolve a behaviour disorder, thus the proportion of neutered 

dogs in this population might be expected to be higher than that in the general population. 

3 .4.2 Evaluation of the relationships between thyroid hormones 

Levels of the thyroid hormones T4 and T3 were signiGcantly correlated and there was also a weak 

positive association between T3 and TSH. These correlations were expected, since the regulation of 

all the thyroid hormones is controlled by the hypothalamic-pituitary- thyroid-extrathyriod axis, (HP A 

axis). TSH acts on the follicular membrane of the thyroid producing cAMP (intracellular messenger), 

which in turn stimulates T4 production and subsequently T3 production. However, this does not 

explain why there was no correlation between T4 and TSH. I suggest that it is possible that T4 

fluctuates in order to maintain T3 at a constant level based on titres of TSH, as one third of plasma T4 

is converted to T3, which is the more potent and active form of the thyroid hormone. TSH levels are 

also controlled by a negative feedback mechanism; whereby levels of T4 and T3 influence the release 

of TSH &om the pituitary. TSH is therefore produced in greater amounts when T4 is low, and there is 

a subsequent time delay before T4 levels increase. At this point TSH production is switched off. 

Hence at any one point in time one would not expect levels of T4 and TSH to be correlated. The 

Gnding that there is a greater range in T3 values Wien TSH titres are at low levels can also be 

explained by considering the feedback mechanism of the HPT axis. Higher TSH concentrations are 

likely to occur after stimulation of the pituitary gland, when T3 is low, and result in rise in T4 and T3 

titres. 

3 ,4 .3 The relationship between thyroid hormones and behaviour 

The results of this study do not support the theory that dogs with lowered T4 titres display aggressive 

behaviour patterns, as a positive correlation was found between Aggressivity and levels of T4. This 

Ending suggests that when T4 is decreased during iU health, or in times of stress, the dog, is less 

likely to display aggression due to its generally lethargic state. Thus, no evidence was found to 

suggest the idea that the dog may exhibit aggressive behaviour patterns as a primary symptom of 

hypothyroidism. 

The deduced relationship between low activity with low T3 is as expected. T3 is the most 

physiologically active form of thyroid hormone and is of primary importance in the control of 

metabolic fimction. Therefore, when T3 is reduced, metaboHc rate is lowered and this results in 

inactivity. Lethargy and inactivity is a m^or symptom of reduced T3. However, all but one of the T3 

titre measures were within the accepted euthyroid range and thus in this population no conclusions 
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can be made about levels of activity associated with clinically low levels of T3. Reduced acdvit)'- was 

there^re largely associated with sub clinical hypothyroidisiii. 

The relation ship between low activity and very low TSH can be explained by considering the 

feedback mechanism of T3 and T4 on TSH. When T4 and T3 are elevated the thyroid gland does not 

need to produce further thyroid hormones, negative feedback occurs, and TSH litre is reduced. When 

litres of T4 and T3 are low, TSH increases to increase T4 production, and physical activity increases, 

so the relationship between low activity and low TSH initially appears contradictory. The relationship 

may indicate a direct effect of TSH or TRH on the emotional or motor centres of the brain, it is also 

possible that destruction of the thyroid gland itself may affect the speed of response of the thyroid 

feedback mechanism. However, as thyroglobulin autoantibodies were not measured in this 

population this theory cannot be confimed. 

3.5 Concluding comments 

Hypothyroidism is the most commonly referred endocrine disorder in dogs and (due to the 

seriousness of the consequences), inappropriate aggression is the most commonly referred behaviour 

disorder. However, the results of this study suggest that dogs referred for inappropriate aggression do 

not appear to have thyroid hormone titres below the normal range. The finding that dogs with 

lowered T3 appeared to be more inactive is consistent with the generally accepted view that lethargy 

is a key symptom in dogs with low thyroid function (Section 1.5.2). Dogs with low levels of T4 

(marginally hypothyroid) did not show elevated aggressive behaviour patterns contrary to the 

suggestions by Dodds 1992, Dodman gr a/. (1995) and Scott 1999. Although in iudividual cases 

clinical hypothyroidism may contribute to behavioural changes within dogs, the findings of this study 

do not support the hypothesis that lowered thyroid hormones is a major contributory factor to 

aggression in the domestic dog. 

These results are based on measures of dog behaviour when placed in an unfamiliar environment. 

Therefore subsequent studies were aimed at correlating the behaviour of dogs in a familiar 

environment with their thyroid hormone titre (Chapter 4) for which conqDarable results would be 

e:g)ected if the current Sndings were a genuine rejection of the relationship between dog behaviour 

and lowered thyroid titre. 
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4.1 Introduction 

4.1.1 Owners' reports of dog behaviour patterns and thyroid status 

The comparison between observed behaviour patterns and thyroid hormone titres supported the 

acknowledged relationship between lethargy and hypothyroidism (Section 1.5.2). However, the 

hypothesised relationship between lowered thyroid hormone titre and behaviour disorders such as 

inappropriate aggression was not conGrmed (Section 1.3.4). The behaviour recorded in Chapter 3 

was performed in an unfamiliar environment. As dog behaviour can be context specific (Overall 

1997), owners' reports were obtained for the behaviour patterns exhibited by the same population of 

dogs whilst in their familiar home environment. If thyroid hormone titre is related to canine 

behaviour patterns as found in Chapter 3, similar results should be obtained in this study. 

The methods of behavioural data coDection used in Chapter 3 were not appropriate for this study as 

this required novel equipment and/or people to be placed in the dog's environment, which would then 

have contained unfamiliar elements. Therefore the assessment of behaviour was achieved from 

questionnaires designed for completion by the owner about their dog's behaviour at home. Owners 

were asked to categorise their dog's behaviour towards them in speciSc situations. 

4.1.2 Outline and aims of chapter 

As the population of dogs used in the study is identical to those used in Chapter 3, reference is made 

to the relevant sections for data on group composition and thyroid hormone titres. Details of the 

methodology are contained in Chapter 2; however a summary of the methods is included here. The 

discussion critically considers similarities to previous findings and the conclusion includes a summary 

of results and suggestions for further work. 

4.2 Methods 

4.2.1 Recruitment of sample and collection of thyroidal and behavioural data 

The dogs used in this study (n=81) were the same population as Chapter 3 apart 6om one dog for 

which the owner did not complete a questionnaire: therefore the recruitment of subjects and collection 

of thyroidal data was identical (Chapter 2). Behavioural data (Section 2.4) was collected using a 

questionnaire (Section 2.4.2), wtich was in the format of a grid (Appendix. 3). The questionnaire was 

completed by the owner on arrival to the ABC but prior to their consultation. The owner was required 

to tick one or more of 12 box(es) that best described their dog's behavioural response (see table 4 1) 

to each of 13 actions performed by them. 



These were: Approach it. Pet it. Ignore it, Retum. after leaving it. Call it to you. Ask it to sit, Ask it to 

l^dcMvn,]Raise i/oice and jpoiot finger atiL TzLkeitsfcxxicHvaĵ , TEd&eitslkyyzrwgor, Nicn^kfbomib 

resting area. Lie on the floor with it and Groom it. Space was available fbr the owner to answer, 

"don't know" or to add a description in their own words, but this qualitative data was not analysed 

because only few owners provided further details. 

4.2 .2 Compilation and analysis of behavioural and thyroidal data 

The blood samples taken at the clinic (Section 2.5.1) were used fbr the measurement of T4, T3 and 

TSH (Section 2.5.3) and were compared with the behavioural data provided by the owner's 

questionnaire. The number of situations the owner reported their dog displaying each behavioural 

pattern was totalled, and then a varimax rotated PCA with Kaiser normalisation (Section 2 6. A j) was 

used to identify the underlying behavioural factors. In order to deduce if there were any underlying 

trends between signaJment and the factors, ANOVA was used to test for relationships between the 

6ctors and the dogs' age (grouped into 18 months-6 years and >7 years), breed group (Working, Gun, 

Terrier, Hound, UtUily and mixed) and sex (female neutered, female entire, male neutered and male 

entire). The behavioural factors and thyroid titre were explored and analysed using a Spearman's 

rank order correlation, 2-tailed test (Section 2.6.2) andp<0.05 was considered a significant 

association. 

4.3 Results 

4.3.1 Behavioural data analysis 

q / " A g A a r v z o u r The most Aeguently reported behaviour pattern was tail 

wagging and the least commonly reported behaviour patterns were barking, growling and whimpering 

(Table 4.1) 

TTzg q/"Ae/zawowraZ vanaA/gf." The PCA produced 5 factors (Table 4.2) accounting for 

64% of the cumulative variance. The lowest retained factor was at/above the break point on the Scree 

diagram (Section 2.6.1). The factors were named; Appeasement (Factor 1), Attention Seeking (Factor 

2), Sedentary Postures (Factor 3), Agonistic Vocal (Factor 4) and Submission (Factor 5); these 

included all 13 behavioural responses recorded by the owners in the questionnaire. The behaviour 

patterns comprising the factors are shown in Table 4.2. 



Table 4.1 The median values for the number of situations 
each owner reported each of the behaviour patterns. 

Behaviour pattern 

Tail wag 

Sit 

Nuzzle 

Lay 

Climb or jump up 

Roll 

Paws 

Other 

Lick lips or licks owner 

Avoid gaze 

Whimper 

Growl 

Bark 

Median value 

2 

2 

2 

1 

1 

1 

1 

Table 4.2 The behaviour patterns and scores comprising each of the 5 factors produced by PCA. 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 4 

% of variance explained 19% 13% 11% 11% 10% 

Behaviour pattern Appeasement Attention Sedentary Agonistic Submission 

Seeking Postures Vocal 

Licks lips 0.764 0.221 0.152 -0.043 -0,189 

Climb / Jump 0.703 0.252 -0.180 0.113 -0,008 

Avoid gaze 0.528 -0.166 0.302 0.090 0.380 

Bark 0.436 -0.175 0.295 0.489 -0.071 

Paw 0.013 0.734 -0.116 0.333 0.242 

Nuzzle 0.294 0.717 0.117 ^.075 -0.109 

Tail Wag 0,062 0.650 0.175 -0.337 -0.188 

Lay X).042 0.056 0.776 -0.012 0.020 

Sit 0.348 0.010 0.725 -0.064 -0.034 

Roll ^.245 0.027 0.528 0,445 -0.075 

Growl 0.078 -0.023 -0.080 0.889 -0.080 

Obedient -0.042 -0.222 0.010 0,000 0.787 

Whimper ^.041 0.174 -0.052 -0,092 0.757 



TTze aw/ fAe^cfoz-y: There were no significanl associations between 

any of Ae five factors and the signaknent of the population. There were no signiGcant associations 

between the dogs' age, (.^ppeasemoit: F=3.73; Attention seeking F=1.67; Sedentary Postures F=2.55: 

Agonistic vocal F=0.02; Submission F-1.45; all 1 d.f.) breed (Appeasement F=0.54; Attention 

seeking F=0.90; Sedentary Postures F=4).85: Agonistic vocal F==0.37; Submission F=1.90; all 5 d.f) 

and sex (Appeasement F=0.40; Attention seeking F=1.82; Sedentary Postures F=1.31: Agonistic 

vocal F=0.71; Submission F=1.24; all 3 d.f.) with the factors. 

4.3.2 Correlation with thyroid hormones 

Spearman's rank order correlation was used to test for correlations between the behavioural factors 

(Appeasement, Attention Seeking, Sedentary Posturing, Agonistic Vocalisations and Submission) and 

the thyroid hormone titres for T4, T3 and TSH for each dog (Table 4.3). A significant negative 

correlation was found between Sedentary Posturing and T3 titre (/7<0.05) in that dogs that have low 

T3 titres tended to show more laying, sitting and rolling over (Figure 4,1). Although not significant at 

p<0.05, there was a tendency for dogs with low T4 to score high on Sedentary Posturing but low for 

Appeasement (Figures 4.2 and 4.3 respectively). 

Table 4.3 The correlation between the behavioural factors and thyroid hormones, 
=Spearman's rank order coefficient, ns=not significantly associated. *ns but shows a trend. 

Factors 14 13 TSH 

Appeasement r, = 0.201 r, = 0.157 Ts , = 0.058 

= 0.07 

n=81 

Attention Seeking r, = 0.109 r, - -0.108 r. = -0.152 

Sedentary Postures r, = -0.211 r, = - 0.267 Ts = -0.067 

'p = 0.06 p = 0.02 

n=81 n=80 

Agonistic Vocal r, = 0.034 r. = 0.115 r. = 0.019 

Submission r, = 0.038 r. = 0.012 r. = -0.027 

/4 
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Figure 4.1 Scatter graph showing the significant negative correlation (r, = - 0.267, p<0.05) between T3(nmol/l) and 
Sedentary posturing (Factor 3). 
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Figure 4.2 Scatter graph showing the trend towards a negative association (r,= • 0.211, p=0.06) between T4(nmol/l) 
and Sedentary Postures (Factor 3). 
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Figure 4.3 Scatter graph showing the trend towards a positive association (r,= 0.201, p=0.07) between T4(nmol/l) 
and Appeasing (Factor 1). 

4.4 Discussion 

4.4.1 Behavioural data analysis 

As the most commonly referred behavioural disorder to the ABC is inappropriate aggression I 

e% êcted aggressive behaviour patterns such as growling to be more prevalently rq)orted by owners. 

This may not have occurred for two reasons. Firstly, owners are often reluctant to admit that their 

ck%g Ibehu&ves agypnessively toward them as they feel it loiay refkactiKsgadivtdyiqporitlKaiL ITiereliave 

been several cases at the ABC when the preliminary information given by the owner suggested that 

their dog had a training or obedience problem and in the resulting consultation the dog was classified 

as showing inappropriate aggression directed toward the owner. Secondly, aggressive behaviours 

directed towards other dogs are the second most common reason for referral to the ABC (5,3.1), and 

the questionnaire did not collect information on dog - dog aggression. Thus, some aggressive 

behaviour patterns may have been under represented in this analysis. 

Barking was loaded on the Appeasement behaviour factor rather than with agonistic vocal. This 

suggests that barking is not purely an agonistic or territorial behaviour but is more likely to be a non-

speciSc vocalisation; occurring as a result of several motivational diSerent drives, in response to a 

variety of stimuh. It is likely that it is not baddng jper fe that reflects the motivational state, but the 

intensity and duration of barking and the context in which it occurs that contains the accurate 

information about the subjective mental state of the dog and thus to which behavioural components it 

is more hkelv to be related to. 
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4.4.2 Associalioiis with hormone titres 

The signiScant relationship between low T3 concentration and a high score for Sedentary Posturing is 

consistent with the findings of Chapter 3 in which low concentrations of T3 were correlated with low 

scores for Activity. The active form of the hormone produced by the hypothalamic pituitai)^ th\Toidal 

axis is T3 (Section 1.3.2) and minor changes in thyroid homeostasis may lead to m^or changes in 

metabolism and behaviour (Whybrow 1996), lethargy and inactivity are the most frequently 

conSrmed signs of lowered thyroid hormone concentration. Thus, lowered T3 titres parallel inactivit)^ 

and conSrm the acknowledged association between lethargy and hypothyroidism (Section 1.5.2). 

even though in this sample all but one of the dogs were within the euthyroid range for T3, the 

majority of dogs had T3 titres in the lower end of the euthyroid range (Figure 3.5). The trend 

associating high T4 concentration and Inactive Posture suggests that low T4 may also be related to the 

behavioural symptoms of hypothyroidism such as lethargy. The weak trend associating low T4 

concentration and low levels of Appeasement suggests that there might be an association between 

lowered T4 and a tendency not to avoid conflict. This could be consistent with the theory that low T4 

is associated with aggression, but it is equally possible that sub clinically hypothyroid dogs are 

unlikely to jump or bark (both behaviour patterns highly weighted on Appeasement) due to overall 

lethargy. 

4.5 Concluding comments 

This study was aimed at measuring the behavioural responses of a dog to a 6mihar person. All the 

dogs had behaviour disorders for which their owners required help in attaining a behaviour 

modiGcation programme. As inappropriate aggression is the most frequently treated behaviour 

disorder in the ABC population, I expected signs of agonistic behaviour to be more prevalently 

reported by owners than were described. It is possible that some owners underrepresented aggressive 

behaviour patterns as owners' reports of their dog's behaviour patterns are not always reliable 

(Rooney 1999). Due to the acknowledged association between lethargy and hypothyroidism the 

correlation between inactivity and thyroid hormone titres was expected. The results confirmed the 

relationship between lowered thyroid hormone and inactivity as found in Chapter 3, which is 

reflective of the acknowledged association between lethargic behaviour and lowered thyroid 

hormone. Aggressive behaviour patterns were not associated with lowered T4, there was a suggestion 

however, that dogs vidth low T4 might be less likely to perform appeasement behaviour patterns. As a 

result of this study further work was conducted which was aimed at direct measuranent of dog 

behaviour when in a famihar enviroimient and relating this to th]^oid hormone concentrations 

(Ch^ter 6). 

/ / 



AgAavfOW/" aM^ reZa!:g^^ 



5.1 Introduction 

Although some clinicians have noted an. association between behaviour disorders and hypothyroidism 

in dogs (Reinhard 1978: MiUs 1991; Dodds 1992; Beaver 1994; Gerzovich 1995; Dodman & Shuster 

1998; Scott 1999), empirical research provides no evidence that mammalian thyroid hormones 

directly influence individual behaviour patterns (Dewsbury 1978; Leshner 1978; Hart 1985), The 

existing literature detailing the relationship between canine hypothyroidism and behaviour disorders 

is sparse, exploratory and based on single case studies. The supposition that thyroid hormones can 

control behaviour is derived from the observation that thyroid replacement therapy can sometimes 

assist in the correction of behaviour disorders, with underlying hypothyroidism, in single cases 

(Dodds 1992, Dodds 1996; Dodman 1995). Although this provides evidence of an association 

between behaviour patterns and thyroid hormone levels, it does not necessarily indicate a direct cause 

and effect relationship (Section 1.7). The relationship between behavioural change and thyroid 

hormone titre may possibly be mediated by the actions of the glucocorticoids, which are known to 

affect mammalian behaviour patterns directly (Carlson 1998), in addition to exerting an inhibitory 

effect on the HP A axis (Section 1.6). In Chapters 3 and 4,1 have shown that some aspects of the 

behaviour of dogs presented at a behavioural clinic are correlated to their thyroid hormone levels. 

This was true for both behaviour observed in a clinic setting and those described by owners in their 

own home. 

The causes and foims of canine behaviour disorders are multiple (Section 1.2). The most frequent 

behaviour disorders referred to behaviour counsellors are inappropriate aggression and separation 

related disorders (Section 1.2.5). Aggressive behaviour can be regarded as a response to a stressor 

(Barash 1982) and separation anxiety is also considered to occur as a result of stress (Overall 1997). 

Thus, it is possible that the attempt to cope with a stressor may simultaneously lead to cortisol-

induced lowering of plasma thyroid hormones, and the development of a behavioural response such as 

separation related behaviours or aggression (Section 1.2). In Chapter 3 I correlated directly observed 

dog behaviour patterns with thyroid hormone titre, whereas in Chapter 4 I correlated dog behaviour 

patterns observed by owners with thyroid hormone titre. The aim of the investigation described in 

this Chapter was to explore the relationship between different types of dog behavioural disorders and 

th)Toid hormone titres, by surveying the thyroid status of dogs presented at the ABC exhibiting 

inappropriate behaviour. 

5.1.1 Survey of dog behaviour disorders and thyroid status ^ 

In order to ascertain the relationship between behaviour disorders and hypothyroidism, it is necessar}' 

both to consistently categorise behaviour disorders and to establish a diagnosis of h)'poth)'roidism. 

To obtain such information a detailed history about the development of the disorder and measurement 
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of several thyroidal hormones is required. By taking this approach the behavioural and hormonal 

measures of the entire sample group may be compared and the subtleties of this unknown relationship 

can be examined. Hus investigation attempts to answer two questions. Firstly, do dogs with 

behaviour disorders have altered thyroid function? Secondly, are particular behaviour disorders 

associated with a non-euthyroid state? 

Do dogs with behaviour disorders have altered thyroid function? 

To date there have been no systematic investigations to ascertain whether there is an association 

between the occurrence of dog behaviour disorders in dogs and hypothyroidism, (the principal non-

euthyroid state found the dog; Section 1.5). Although some authors have suggested the contrary, their 

assumptions are often based on subjective observations (Mills 1991; Dodds 1992; Beaver 1994; 

Dodman & Shuster 1998; Scott 1999), and they do not present empirical data. Whether dogs with 

hypothyroidism develop behaviour disorders or dogs with behaviour disorders develop subsequent 

changes in thyroid status is yet undetermined. In order to investigate this "chicken and egg" scenario, 

in this chapter I compare thyroid titre between dogs presented with different behaviour disorders. In 

Chapter 7 I then explore the inverse relationship, that is, the behaviour patterns exhibit^ by dogs 

with altered thyroid status. 

Are particular behaviour disorders associated with a non-euthyroid state? 

Several authors have suggested that particular behaviour disorders are related to canine 

hypothyroidism. These include Reinhard (1978 p.70) who believes that OMf/ ofAer 

/paZ/zopAyf/oZog/ca/ q/"aggreffive Ag/zav/owr are rare, .yAou/af 6e rw/gg/ owf pnor (o freafmg 

a (^og/br ^eAavzowra/ cawfgf q/"aggrg^yfz'on". Beaver (1994 pi42) who describes a form of aggression 

as "Z x̂por/zyroW ŷ ggrê gzoM" and suggests that aggression can be the only sign of a hypothyroid 

condition and Gerzovich (1995) who noted that it can be very difficult to establish a differential 

diagnosis between dominance aggression and h);pothyroidism. But the relationship between thyroid 

dysfimction and dog behaviour disorders is not fiiHy established, as Dodman and Shuster (1998) note 

that hypothyroid dogs may present with aggression, and Hart (1985) states that honnones from the 

thyroid gland have minor behavioural influences but are affected by behavioural events. 

The di&culties in establishing the relationship between canine hypothyroidism and behaviour 

disorders are two-fold. Firstly, because there are several types of hypothyroidism (Section 1.5) there 

remains much controversy over which test is the best for effective diagnosis (Section 5.2.2). 

Secondly, there is no universal classification system for behaviour disorders. There is contradictor} 

terminology and flawed deSnitions are used in the behavioural hterature (Section 1.2.6), making it 

difBcult to classify cases of undesirable behaviour. 
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