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Highlights 

 

 Track potential behavioural changes throughout a patients’ epilepsy treatment. 

 Consider qualities of the chosen AED; seek a reduced behavioural adverse effect. 

 A behavioural modification plan should be trialled in the first instance. 

 For anxiety, consider starting fluoxetine at 0.125-0.167mg/kg/day. 

 Treatment of behavioural comorbidities may not effect seizure control and vice versa. 

 

 

 

Abstract 

 Psychiatric comorbidities affect a large percentage of people with epilepsy and have a 

detrimental impact on their quality of life.  Recently, behavioural comorbidities, with similar 

characteristics to human psychiatric diseases, have been identified in dogs with idiopathic 

epilepsy.  In particular, behaviours motivated by the fear-anxiety emotional system have been 

found to be associated with the occurrence of idiopathic epilepsy in both dogs receiving anti-

epileptic drugs, and drug-naïve dogs.  There has been little research into the relationship 

between epilepsy and behavioural signs, and even less into potential treatment protocols.  The 

following article will review available literature from human medicine to describe the current 

state of knowledge about the bi-directional relationship between anxiety and epilepsy, draw 

parallels from reported anxiogenic and anxiolytic properties of anti-epileptic drugs and attempt 

to provide pharmaceutical and behavioural guidance for veterinary patients with epilepsy and 

comorbid anxiety. 

 

Keywords: Idiopathic epilepsy; Psychiatric comorbidity; Canine behaviour; Anxiety; Dog 
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Introduction 

The existence of comorbid psychiatric disorders with epilepsy is long-established in 

human medicine and prevalence is much higher for epilepsy than other chronic medical 

conditions or healthy controls (Davies et al., 2003).  The most common psychiatric 

comorbidities for epilepsy patients include depression, cognitive dysfunction and anxiety 

disorder with reported prevalence rates of 36.5% (Ettinger et al., 2015), 26.4% (Berg et al., 

2008) and 22.8% (Tellez‐Zenteno et al., 2007), respectively.  Of course, prevalence alone does 

not make psychiatric comorbidities important, and the effect on a patient’s quality of life (QoL) 

should also be taken into account (Brandt and Mula, 2016).  

 

In the veterinary world, idiopathic epilepsy (IE) is a common neurological condition 

(Heske et al., 2014; Kearsley-Fleet et al., 2013). Some breeds show high disease prevalence or 

increased odds of having IE such as Belgian Shepherds, Border Terriers, Labradors and 

German Shepherd Dogs (Berendt et al., 2015; Hülsmeyer et al., 2015; Kearsley-Fleet et al., 

2013).  Despite epilepsy being a common brain disease in dogs, few studies to date have 

investigated the presence of neurobehavioural comorbidities in canine epilepsy. Shihab et al. 

(2011) and Jokinen et al. (2015) have reported behavioural changes in dogs following onset of 

IE and similarities to the comorbidities experienced by people.  The recent consensus 

statements published by the International Veterinary Epilepsy Task Force (IVETF) agree that 

neurobehavioural changes should be monitored in future treatment trials (Potschka et al., 

2015).  As voiced by Packer and Volk (2015), QoL for epileptic dogs is of paramount 

importance, especially to owners (Chang et al., 2006; Packer et al., 2016), and psychiatric 

comorbidities will contribute to this.  This article will address anxiety disorder comorbid with 

epilepsy (ADCE), will focus on the evidence reported in people and draw parallels to veterinary 
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medicine to raise awareness of this behavioural comorbidity in dogs and how it may be 

improved to promote canine QoL. 

 

Anxiety disorder comorbid to epilepsy in people 

Anxiety can be a normal, transient mental (emotional) state in specific situations, but 

abnormal anxiety, which is not justified by the context or results in behavioural responses 

which are out of proportion in intensity or duration can occur2. Anxiety disorder can be related 

to concurrent physical health issues and this would lead to a separate diagnosis from other 

anxiety disorders (American Psychiatric Association, 2015). In people with epilepsy, comorbid 

anxiety disorders can manifest in a multitude of ways (Beyenburg et al., 2005) and occur twice 

as often in people with epilepsy than those without (Tellez‐Zenteno et al., 2007). Comorbid 

anxiety disorders can have a negative impact on health-related QoL, which has been found to 

be more significant than both seizure chronicity and severity (Johnson et al., 2004). 

Considering their high prevalence, these anxiety disorders are chronically under-diagnosed and 

under-treated in people (Kimiskidis and Valeta, 2012; Thomé-Souza et al., 2007). Under-

diagnosis of anxiety disorders in veterinary patients has been extensively described (Overall et 

al., 2016). Misinterpretation of normal and pathological anxiety (Tami and Gallagher, 2009) 

and lack of recognition of mild clinical signs by owners (Mariti et al., 2012) are likely to 

contribute to the under reporting of comorbid anxiety disorders in veterinary species.  

 

What links anxiety disorders and epilepsy? 

It is thought that shared anatomy and physiology through the amygdala, hippocampus 

and neuronal pathways such as the serotonin, glutamate and gamma-aminobutyric acid 

pathways explain why epilepsy and anxiety disorders are linked, and support a bi-directional 

                                                 
2 American Psychiatric Association, 2017. What are anxiety disorders? 

https://www.psychiatry.org/patients-families/anxiety-disorders/what-are-anxiety-disorders 

(accessed 29 July 2017). 
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relationship (Loss et al., 2012; Brandt and Mula, 2016; Kwon and Park, 2014; Mula, 2013).  

Evidence of a bi-directional relationship has been shown in genetic rat models of epilepsy; not 

only were those rats more anxious than controls, but anxiety began before the onset of epilepsy, 

which disregards psychosomatic, psychosocial and neurodegenerative causes for anxiety 

following onset of epilepsy (Jones et al., 2008).  The existence of a bi-directional relationship 

is corroborated by two human studies where a significantly increased incidence rate ratio of 

anxiety disorders was found two years before and three years after initial epilepsy diagnosis 

compared to controls (Hesdorffer et al., 2012) and increased odds of seizure development was 

found pre- and post-anxiety diagnosis (Adelöw et al., 2012).  

 

Anxiety disorders as a comorbidity in dogs 

Anxiety disorders are common in veterinary species, regularly leading to behavioural 

responses which are reported as being problematic (Dreschel, 2010).  Unfortunately, as Roshier 

and McBride (2013) explains, there is poor and incomplete recognition of animal behaviour 

within the veterinary profession, and, whilst research documenting specific psychological 

disorders in dogs is evident (Cannas et al., 2010; Palestrini et al., 2010), little in known in 

relation to epileptic patients. Shihab et al. (2011) found significantly increased anxiety in dogs 

following IE onset, assessed using the Canine Behavioural Assessment and Research 

Questionnaire.  Fear and anxiety levels were increased in both drug-naïve and those receiving 

various antiepileptic drugs (AEDs), suggesting that anxiety could either be an adverse effect 

of AEDs alone, or a combination of both adverse effect and comorbidity.  De Risio et al., 

(2015) reported behavioural changes such as anxiety in Italian Spinone’s, following onset of 

IE but prior to commencing AED therapy.  The effect of anxiety disorders on the health-related 

QoL of dogs should not be underestimated; chronic anxiety disorders can have a significant 
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impact, causing chronic fatigue, contributing to a range of physical health concerns and other 

behaviours (Bowen and Heath, 2005). 

 

Anxiogenic/Anxiolytic effects of AEDs 

Anxiogenic and anxiolytic effects of AEDs are well described in human medicine.  

Unfortunately, studies are small with high variability in method and population and, conflicting 

results are common due to lack of blinded and randomized studies. Veterinary research 

currently only addresses owner-reported increases in anxiety as an adverse effect, making the 

true anxiolytic effect of AEDs in dogs challenging to conclude.  Owner-reported adverse 

effects have limitations including likelihood of subjectivity and poor owner perception of 

anxiety.  

 

In human medicine, phenobarbital and potassium bromide have fallen out of favour, 

and so little evidence of psychiatric merit or disadvantage exists.  Phenobarbital has a complex 

mechanism of action (Mula et al., 2007) and, despite historical use as an anxiolytic (Yasiry and 

Shorvon, 2012), its use has been largely superseded by newer generations of medication and 

it’s lack of anxiolytic properties has become apparent.   Primidone, which is rapidly 

metabolized to phenobarbital (Podell et al., 2016), is thought to increase the likelihood of 

anxiety disorders in epileptic patients; Lopez-Gomez and Espinola (2008) found that use of 

primidone predicted anxiety disorders in a cross-sectional study of 196 patients with epilepsy, 

though it was impossible to separate this from other predictive factors and analyse the effect of 

AEDs in this study.  Levetiracetam could be considered anxiolytic due its mild GABAergic 

action (Landmark, 2008; Muralidharan and Bhagwagar, 2006) and evidence from rat models 

(Gower et al., 2003).  Hagemann et al. (2013) found that add-on and monotherapy 

levetiracetam decreased seizure frequency and improved QoL, anxiety and depression scores 
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in 65 of 140 patients. However, a systematic review by Cramer et al. (2003) found that epilepsy 

patients treated with levetiracetam, were more likely to show affective anxiety symptoms than 

those taking a placebo, but rates were lower than rates reported for other AEDs used in people 

where sufficient data exists such as lamotrigine, vigabatrin and zonisamide. 

 

Pregabalin has been investigated more than other AEDs for anxiolytic potential and is 

licensed in treatment for generalised anxiety disorder in people (Brandt et al., 2013; Mula et 

al., 2007).  Although not licensed as a treatment for ADCE (Brandt and Mula, 2016), Mula 

(2013) has suggested that it should be considered the first-line AED in such patients.  Brandt 

et al. (2013) found that pregabalin reduced seizure frequency and significantly reduced anxiety 

scores in people with ADCE.  Gabapentin is also considered an effective anxiolytic as it 

enhances GABAergic neurotransmission (Kwon and Park, 2014; Landmark, 2008; Weintraub 

et al., 2007) and has shown no significant anxiogenesis between control or treated adults as an 

add-on AED (Harden et al., 1999).  Zonisamide is largely anxiolytic and has been shown to 

significantly decrease anxiety in historically non-responsive adults with epilepsy (Kinrys et al., 

2007) and in newly-diagnosed children with epilepsy (Eun et al., 2011).  However, a 3% 

increase in anxiety was seen in treated patients compared to controls in a double-blinded add-

on trial (Cramer et al., 2003).   

 

 Topiramate has a complex mechanism of action (Howard et al., 2011; Perucca and 

Mula, 2013). In the literature, Mula and Trimble (2003) reported that 2.55% of epileptic 

patients treated with topiramate developed anxiety disorders, though overall adverse effect rate 

was higher (35.90%). Similarly, Marson et al. (2007) reported a 3.97% incidence of anxiety as 

an adverse effect in 378 patients receiving topiramate, amongst an overall adverse effect 

incidence of >50%. Felbamate is thought to be an anxiogenic (Ketter et al., 1996; Kimiskidis 
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and Valeta, 2012; Kwon and Park, 2014) due to its antiglutamatergic action (Beyenburg et al., 

2005; Vazquez and Devinsky, 2003).  A small, randomized, placebo controlled study by 

Theodore et al. (1995) found that six of 13 patients receiving felbamate monotherapy dropped 

out due to intolerable adverse effects including anxiety disorder.  

 

In veterinary medicine, a systematic review and meta-analysis (Charalambous et al., 

2016) found no reports of increased anxiety in dogs receiving phenobarbital, potassium 

bromide, levetiracetam, zonisamide and felbamate, though the evidence was considered weak 

for the latter.  The authors reported that anxiety was an adverse effect of primidone, reported 

in just under 10% of studies (Charalambous et al., 2016).  There was not enough evidence into 

the efficacy of pregabalin, gabapentin or topiramate as AEDs to assess safety profile or adverse 

effects, additionally there is insufficient evidence to suggest that pregabalin works as an 

effective AED in veterinary patients (Bhatti et al., 2015).  A consensus statement by The 

American College of Veterinary Internal Medicine (ACVIM) (Podell et al., 2016) listed hyper-

excitability and restlessness as predictable and dose-dependent adverse effects of phenobarbital 

treatment; both behaviours could be interpreted by owners as a clinical sign of anxiety or have 

other causes (Bowen and Heath, 2005).  Podell et al. (2016) concurred with Charalambous et 

al. (2016) in reporting no anxiety-related adverse effects in dogs taking potassium bromide 

alone or in addition to phenobarbital.  Unfortunately, both the systematic review and consensus 

statement referenced here are subject to ascertainment bias. Many of the adverse effects 

reported have not been purposefully screened for, it is unknown whom they were identified by 

and what diagnostic criteria or tool was used to come upon the report of “anxiety”. 

Additionally, carefully agreed and accurate terminology is desperately needed for canine 

anxiety diagnosis, especially in instances of comorbidity (Overall, 2005). This is particularly 
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important in comorbid disorders, where occurrence of clinical signs can be separate from signs 

of the comorbid disorder, or altered by it (Overall et al., 2001).  

 

Imepitoin is licensed solely for dogs, first being developed for humans due to its good 

anticonvulsant and anti-anxiety properties in rodent models (Rundfeldt and Löscher, 2014).  

The ACVIM consensus statement reported no anxiety as an adverse effect of imepitoin (Podell 

et al., 2016), however, Charalambous et al. (2016) states that around 10% of studies reported 

dose-dependent and reversible anxiety when receiving imepitoin.  Rundfeldt et al. (2015) found 

central nervous system effects were among the most common in dogs treated with low 

(1mg/kg) and high-dose (30mg/kg) imepitoin, shown in 52% and 72% of dogs, respectively.  

Rundfeldt et al. (2015) reported significantly increased adverse effects and adverse reactions 

in the high-dose group.  Central nervous system adverse effects were not individually specified 

but included ataxia, restlessness, hyperactivity and disorientation.  Packer et al. (2017) found 

no change in fear and anxiety-related behavioural scores in 85 dogs before or during treatment 

for IE with imepitoin, but this could be due to the retrospective nature of the study design or 

be caused by differences in effect of the drug upon the epileptic brain and the ‘normal’ brain, 

particularly for drug-resistant dogs.  The use of imepitoin in canine behavioural medicine for 

the management of sound related fears has been reported (McPeake and Mills, 2017).  

Anecdotally, there is one report of imepitoin used to treat anxiety in a cat (Dube, 2015).  

 

In veterinary medicine polypharmacy is common in attempts at seizure control, let 

alone in the considerations of other problems such as anxiety.  Research into the likelihood of 

polypharmacy-induced anxiogenesis in people is mixed; Ettinger et al. (1998) and IJff et al. 

(2015) found no significant difference in anxiety or increased adverse effects in polypharmacy 

patients compared to monotherapy human patients.  However, others (Adewuya and Ola, 2005; 
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Oguz et al., 2002; Williams et al., 2003) found that polypharmacy was a significant risk factor 

associated with increased anxiety disorder in children and adolescent patients.  Whilst the link 

between increased anxiety disorders and polypharmacy remains questionable we must also 

consider the possibility that a patient with a more drug-resistant phenotype might have other 

abnormalities in the brain which predispose them to more anxiety than drug-responsive 

phenotypes. Alternatively, multiple medications might not be the direct cause of increased 

levels of anxiety, but that having a more intractable epilepsy phenotype necessitating 

polypharmacy, might make a patient more likely to have detrimental levels of anxiety (Ekinci 

et al., 2009).   

 

It is important to remember that, for dogs, only phenobarbital and imepitoin are licensed 

for first-line treatment in the European Union; all other drugs are either only licensed as add-

on adjunctive therapies or unlicensed so only approved for use following failure of approved 

drugs, those include; levetiracetam, zonisamide, felbemate, topiramate, gabapentin and 

pregabalin (Bhatti et al., 2015). 

 

Pharmacological treatment of anxiety in epileptic patients 

In 2011, the International League Against Epilepsy (ILAE) produced consensus 

statements to set out unequivocal guidelines on the treatment of neuropsychiatric conditions 

associated with epilepsy in people (Kerr et al., 2011).  The ILAE consider selective serotonin 

reuptake inhibitors (SSRIs) to be the first-line drug for the treatment of anxiety disorders, and 

indeed depression, in people with epilepsy due to their low adverse effect profile and their lack 

of effect on seizure threshold.  Beyenburg et al. (2005) found SSRIs to carry a 0.1% risk of 

seizures so they are considered ‘low risk’.  A Cochrane Library systematic review (Maguire et 

al., 2015) concluded that the evidence for use of any antidepressant in the presence of epilepsy 
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was low but that the few studies available indicated that SSRIs do not significantly increase 

seizure frequency.  Thomé-Souza et al. (2007) followed 36 children and adolescents with 

epilepsy and depression for at least three months prior to and until one year after starting 

fluoxetine or sertraline treatment.  Two children had increased seizure frequency, one of which 

was resolved by adjusting the AED and the other withdrew from the study. Both SSRIs were 

found to be effective for the comorbid depression, with few adverse effects.  A similar study 

(Kanner et al., 2000) found that in 100 adult patients with epilepsy and depression prescribed 

sertraline, only six had an increase in seizure frequency, which was controlled by AED dosage 

adjustments in five patients.  Fifty-four percent of participants’ depression responded to the 

SSRI, which the authors explained is in line with the general population without epilepsy. Most 

research into efficacy of SSRIs and effect on seizure frequency in people with epilepsy are in 

relation to depression, rather than anxiety. In a population of people with epilepsy and 

comorbid depression and/or anxiety disorder, Ribot et al. (2017) has shown has reported a 

clinical response to SSRIs (reduction in depression and/or anxiety) in more than 70% of their 

patient cohort and SSRIs did not seem to affect their seizure frequency, actually reducing it by 

>50% in 48% of patients. 

 

Interestingly, two literature reviews (Cardamone et al., 2013; Igelström and Heyward, 

2012) found that the majority of research into the effect of SSRIs on seizure frequency on 

animal models of epilepsy found them to be either anticonvulsant or to exert no effect at all on 

seizure frequency.  In rat and mouse models of epilepsy, fluoxetine and its active metabolite 

norfluoxetine have been shown to reduce seizure frequency or reduce seizure threshold when 

compared to positive and negative controls, in stressed and non-stressed conditions (Hernandez 

et al., 2002; Kecskeméti et al., 2005; Peričić et al., 2005; Richman and Heinrichs, 2007).  

Similar research into SSRI usage to treat dogs with ADCE is lacking, however, it can be 
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assumed that they are safe and only anxiolytic efficacy must be proven in future.  SSRIs have 

been used in healthy dogs with anxiety problems in combination with behaviour modification 

plans with good effect (Simpson et al., 2007; Ibáñez and Anzola, 2009; Karagiannis et al., 

2015; Pineda et al., 2014), which can also be said of clomipramine (King et al., 2000; Crowell-

Davis et al., 2003). 

 

The ILAE also deemed serotonin and norepinephrine reuptake inhibitors, 

benzodiazepines, azapirones, antihistamines and pregabalin safe for treatment of people with 

ADCE (Kwon and Park, 2014).  Despite anecdotal, off-license use of fluoxetine in veterinary 

epilepsy patients with anxious behaviour, it should be noted that the ILAE consensus statement 

advises against fluoxetine and fluvoxamine due to possible cytochrome inhibition, which 

affects the pharmacokinetics of drug metabolism, particularly of phenobarbital, phenytoin and 

St. John’s Wort (Bhatti et al., 2015; Hemeryck and Belpaire, 2002; Kerr et al., 2011; Zanger 

and Schwab, 2013), leading them to recommend sertraline as a safer substitute. There are a 

number of references in behavioural medicine text books on sertraline’s use in dogs with 

anxiety (Bowen and Heath, 2005; Horwitz and Mills, 2010; Overall, 2013). 

 

One veterinary study has looked at the owner-perceived effect of the AED imepitoin 

on anxiety in dogs with IE but reported no difference between pre- and post-treatment levels 

(Packer et al., 2017).  Regardless of the negative results, this study contributes an important 

starting point towards the development of potential treatments for dogs with ADCE.  Dogs are 

considered a naturally-occurring model of human epilepsy and so pharmacokinetics and 

neuronal pathways could, believably, be quite similar (Berendt et al., 2004; Chandler, 2006; 

Licht et al., 2002), allowing application of human research and medication recommendations 

within the confines of prescribing laws.  Assuming, based on ILAE guidelines as mentioned 
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above, that SSRIs should be the first choice in dogs with ADCE to treat the anxiety disorder 

alongside their chosen AEDs, then fluoxetine should be considered first. Frustratingly, given 

the evidence described here, it is currently contraindicated in animals with a history of seizures 

(BSAVA, 2014), though this is not consistent worldwide and some merely advise caution 

(Plumb, 2008).  Additional options for the safe treatment of dogs with ADCE; selegiline, a 

monoamine oxidase inhibitor, and clomipramine hydrochloride, a tricyclic antidepressant 

(TCA) are both suboptimal choices, as will be explained.   

 

In human medicine, TCAs have been shown to have a significantly higher risk of 

seizures than SSRIs; 1% for clomipramine compared to 0.1% for SSRIs (Ekinci et al., 2009; 

Kanner, 2016), but evidence of this in animals receiving therapeutic doses is unestablished 

(Petersen et al., 1985).  In veterinary medicine in the UK, clomipramine is licensed for use in 

dogs with separation-related behaviours with proven efficacy (King et al., 2000; Landsberg, 

2001; Overall and Dunham, 2002; Seksel and Lindeman, 2001).  Despite this, no research 

exists that investigates the effect of clomipramine on dogs with ADCE, though prescribing 

instructions note that care is warranted in epileptic dogs as plasma levels of some AEDs such 

as phenytoin and carbamazepine may be increased (BSAVA, 2014; Landsberg, 2001).  

Selegiline is licensed to treat emotional behavioural disorders in dogs in Europe (BSAVA, 

2014) because it has been suggested to reduce anxiety in some cases, although there is limited 

evidence for efficacy. However, there are caveats about using this medication in households 

with a history of inter-dog tension, due to the potential effect of increased confidence on the 

relationship between them (Bowen and Heath, 2005).  Some authors have suggested caution in 

households where there is a history of aggression, which could be of concern in epileptic dogs 

that display aggressive behaviour during the post-ictal stage.  Shihab et al. (2011) has shown 

that drug naïve dogs with IE have increased aggression compared to before the onset of disease, 
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so risk-taking with drugs that could potentially elevate this behaviour should be avoided.  Many 

benzodiazepines can be used off-license in dogs with anxiety disorders and are generally not 

contraindicated for use in dogs with seizures or epilepsy and, of course, some of these drugs 

are used to halt seizure activity in an emergency situation (BSAVA, 2014).  However, long-

term treatment with these drugs is contraindicated due to their interference with memory and 

learning; additionally, there are suggestions in the veterinary literature that benzodiazepines 

can cause disinhibition, where a dog could become more likely to respond aggressively to a 

situation (BSAVA, 2014). However, this is not consistent with some reports in the human 

psychiatric literature for example a retrospective review of a heterogeneous population of 323 

psychiatric inpatients (Rothschild et al., 2000) suggested that disinhibition associated with 

benzodiazepine use may not be an clinically relevant problem. Extrapolation of information 

from human literature should always be considered with caution but this does highlight the 

need for more research into the potential behavioural side effects of medications in non-human 

animals. 

 

Given that the necessary drugs are currently described as contraindicated for epilepsy, 

prescription of any drug would be ‘off data-sheet’.  An SSRI should be trialled initially. In 

epileptic patients, human medicine recommends a dose 6-8 times smaller than the usual starting 

dose that is titrated up to effect (Kwon and Park, 2014), but there are no such recommendations 

for dogs. There is more evidence for efficacy of fluoxetine for treatment of anxiety disorder in 

dogs (Ibáñez and Anzola, 2009; Landsberg et al., 2008) and therefore, despite the 

contraindications this should be the first drug of choice. Based on the guidelines described 

above, fluoxetine can be started at 0.125-0.167mg/kg/day in dogs with ADCE, based on the 

dosing recommendation of 1-2mg/kg/day in BSAVA (2014). Efficacy of SSRIs may not 

become apparent for 3-6 weeks following commencement of treatment (Brandt and Mula, 
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2016); in human medicine doses are reviewed every 3-4 weeks and changed as necessary3.    

Between psychoactive drugs of different class (e.g. SSRI to TCA), gradual dose reduction and 

a drug-free period of at least a week, sometimes longer, is recommended to avoid withdrawal 

or rebound phenomena (Cerovecki et al., 2013).   If the dog is affected by separation anxiety, 

in particular, then a clinician might consider starting with clomipramine in the same manner, 

whilst being cautious of the possibility for increasing seizure activity and monitoring 

pharmacointeractions. Local drug prescribing laws and regulations will need to be considered. 

 

As reported in human medicine papers described above, it may be that alterations to 

AED doses are required should seizure activity increase with any of these medications. It may 

be that having IE causes the brain to respond differently to a drug when compared to a dog 

without a global brain disorder and, therefore, whilst a drug has anxiolytic properties these may 

not apply to a dog with ADCE. 

 

Alternative treatment of anxiety in epileptic patients 

Ketogenic diets are recommended for people with drug-resistant epilepsy and they have 

been shown to reduce seizure frequency (Neal et al., 2008).  Ketogenic diets come in many 

forms, classically in a 4:1 or 3:1 ratio of fat to minimal protein and carbohydrate (Neal et al., 

2008). A modified version uses mainly medium-chain triglycerides as a fat source as they yield 

more ketones and are absorbed and metabolised more efficiently (Lambrechts et al., 2017; Neal 

et al., 2009) whilst allowing safer levels of protein and carbohydrate to be eaten (Neal et al., 

2009).  The aim of a ketogenic diet is to induce a metabolic response similar to that seen after 

                                                 
3 NICE, 2017. British National Formulary: Fluoxetine 

https://www.evidence.nhs.uk/formulary/bnf/current/4-central-nervous-system/43-

antidepressant-drugs/433-selective-serotonin-re-uptake-inhibitors/fluoxetine (accessed 15 

February 2017) 
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starvation, which causes the brain to use ketone bodies, ß-hydroxybutyrate and acetoacetate, 

as its primary energy source due to an inadequate supply of glucose (Neal et al., 2009). 

However, the full neurological benefit and mechanism remains unknown; studies in people 

have reported reduction in ADHD-like behaviour (Pulsifer et al., 2001) and the offspring of 

rats fed a ketogenic diet whilst pregnant have been found to be less susceptible to anxiety and 

depression postnatally, compared to controls (Sussman et al., 2015).  A Cochrane Review 

(Levy et al., 2012) concluded that a ketogenic diet could improve seizure control but was 

generally intolerable, though evidence levels were low and largely in children.  Veterinary 

trials with ketogenic or medium-chain triglyceride diets have largely focused on their potential 

to reduce seizure frequency, and have had mixed results (Law et al., 2015; Pan et al., 2010; 

Patterson et al., 2005).  A randomized, double-blinded, placebo-controlled, crossover trial 

(Packer et al., 2016) found reduced scores for stranger-directed fear in dogs receiving a diet 

shown to be ketogenic despite low levels of medium-chain triglycerides, suggesting a positive 

effect on anxiety levels.  A strict, pre-packaged ketogenic diet is easier to enforce in a dog than 

in a child or adult without impacting on QoL and so further research into the anxiolytic, and 

anticonvulsant, effects of ketogenic diets in dogs with ADCE is warranted.  

 

Additionally, alternative therapies have been used to reduce seizure frequency in people 

such as cognitive behavioural therapy and bright light therapy (Brandt and Mula, 2016), 

however, evidence into their use as an anxiolytic is limited.  Cognitive behavioural therapy was 

shown to significantly lower anxiety scores in a small pilot study (Macrodimitris et al., 2011) 

and bright light therapy showed significant difference between treatment and control groups, 

however, the placebo effect could not be accounted for (Baxendale et al., 2013).  Herbal therapy 

such as betony and valerian have been used by people with epilepsy for their anxiolytic 

qualities, however, evidence into their efficacy is poor with no evidence specifically in patients 
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with epilepsy (Pearl et al., 2011).  Owners should take care with complementary therapies as 

there are risks that they interact with AEDs and can have toxic adverse effects.  

 

There is weak evidence of anxiolytic effect of supplements marketed for dogs.  Kato et 

al. (2012) found a significantly smaller rise in urine cortisol to creatinine ratio following nail 

clipping in dogs who were fed a diet supplemented with alpha-casozepine and L-tryptophan 

compared to the same dogs when fed a control diet, whilst Bosch et al. (2009) found no change 

in anxiety-related behaviour in dogs fed a tryptophan supplement compared to controls. 

Palestrini et al, (2010) demonstrated a significant decrease in cortisol levels in anxious dogs 

that received alpha-casozepine as a dietary supplement, though behavioural changes were not 

so clear. Cannas et al. (2013) found a significant decrease in anxiety scores in dogs fed a diet 

containing Valeriana officinalis, Melissa officinalis and tryptophan compared to a control 

group.  Beata et al. (2007) found no statistical difference in anxiety scores and successful 

treatment of dogs receiving alpha-casozepine compared to positive controls receiving 

selegiline hydrochloride.  Dog appeasing pheromone has shown mixed efficacy in controlling 

anxiety (Grigg and Piehler, 2015; Landsberg et al., 2015) and a systematic review found 

insufficient evidence for this product (Frank et al., 2010).  None of these therapies have been 

tested for their anxiolytic effect in dogs with ADCE so direct comparisons cannot be made. 

 

Pharmacokinetic interactions 

Prior to commencement of antidepressants, potential pharmacokinetic drug interactions 

should be noted.  Phenobarbital can increase serum concentrations of antidepressants whilst 

fluoxetine, fluvoxamine and paroxetine can increase serum concentrations of AEDs.  In people 

gabapentin, levetiracetam, pregabalin, topiramate and zonisamide can be used safely in 

conjunction with most antidepressants, whilst citalopram, escitalopram, sertraline, duloxetine, 
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venlafaxine and mirtazapine are considered to have limited interaction with AEDs.  It is worth 

noting to owners who pursue herbal remedies that St. John’s Wort can interfere with AED 

pharmacokinetics causing hepatotoxicity.  For all drug combinations, regular serum 

concentration monitoring should take place (Kondziella and Asztely, 2009).  Pharmacokinetic 

interactions in veterinary behavioural medicine are discussed in detail in Overall (2013). 

 

Behavioural treatment of anxiety in epileptic dogs 

Treatment of anxiety disorders in dogs without epilepsy via behavioural modifications 

can be efficacious with time and repetition, however, the potency of these techniques in an 

epileptic dog with additional neuropathology is unknown.  In order to alter a negative 

emotional response, such as fear or anxiety, to a given stimulus, a veterinary behaviourist 

would use a combination of desensitisation and counterconditioning techniques, but this 

approach will be limited in effectiveness if the animal has a high residual level of emotional 

arousal, which would require preliminary reduction as a first step. Desensitisation involves 

associating the problematic stimulus with a neutral emotional state and involves presentation 

of the stimulus in ways which alters its size or salience, for example by increasing the distance 

at which it is encountered.  Over time, the potential effect of the stimulus can be increased until 

the animal exhibits no behavioural signs of an emotional response when confronted with the 

previously anxiety-inducing stimulus.  Counterconditioning involves associating a positive 

emotional state, through the provision of a positive emotional cue such as food and play, with 

the previously anxiety-inducing stimulus, to avoid the animal redeveloping negative 

associations with the stimulus (Bowen and Heath, 2005).  Instrumental conditioning may also 

have a role to play in behavioural modification for these patients through reinforcing an 

appropriate behavioural response in situations where there is unavoidable exposure to an 

anxiety-inducing stimulus. An example would be the teaching of the use of an appropriate safe 
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refuge to dogs who are anxious or fearful in the presence of loud noises. The aim is to teach 

the dog to use a behavioural response which will minimise its exposure to the stimulus and 

enable it to take some control over its environment. This is preferable to encouraging a dog to 

find refuge with their owner during fearful or anxious times as this can result in a dependence 

on the owner who may not always be present when the stimulus is encountered. Lack of access 

to a learnt coping strategy runs the risk of increasing anxiety but also inducing the emotional 

response of frustration.  When dealing with an anxious or fearful dog punishment should never 

be used as it will usually increase negative emotional motivations (Overall, 1997), which is not 

only counterproductive in terms of establishing positive emotional responses, but also raises 

concerns related to welfare and QoL. 

 

Conclusion 

Anxiety disorders in people with epilepsy is garnering more attention and research, but 

the extent to which it affects dogs is under-investigated and there has been limited veterinary-

specific testing of potential treatments.  Therefore, with the absence of veterinary specific data, 

evidence-based medicine from people with epilepsy must be cautiously and carefully adapted 

and applied.  In ideal circumstances, for veterinary patients with ADCE, an AED with a low 

risk of anxiety should be selected based on human research and reported adverse effects in 

dogs, alongside adequately controlling seizure frequency and severity.  Additionally, a 

behavioural modification plan should be implemented with or without anxiolytic medication 

as described above.  The animal’s emotional state should be assessed and closely monitored in 

newly-diagnosed dogs with epilepsy or throughout initiation of a new AED therapy or 

anxiolytic medication so that acute and chronic changes can be accurately accounted for and 

treatment can be tailored effectively. AED serum levels should be closely monitored when 

incorporating additional medications.  
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Of course, anxiety disorders are not the only psychological comorbidity to be 

considered; a change in AED or additional medication could improve clinical signs of anxiety 

but cause hyperactivity or decrease attention capability, for example.  Additionally, control of 

a comorbidity will not necessarily improve seizure control and improving seizure control may 

not reduce behavioural comorbidities, so a vet and an owner should work together to find a 

balance for each patient to carefully assess specific features of the disease and how that impacts 

a patient and their family day to day, with the aim of optimising QoL for them all.  Clearly 

further veterinary research is warranted on the effect and treatment of dogs with epilepsy and 

psychological and behavioural comorbidities and it is vital that general practice and neurology 

specialists clinicians work with veterinary behaviour specialists to improve and validate 

diagnostics and treatment of these patients. QoL of an epileptic patient is paramount and we 

would do our companions a great disservice by considering epilepsy as a condition solely 

defined by seizures. 

 

Conflict of interest statement 

Unless stated below, none of the authors have personal or financial relationships with other 

people or organizations that might inappropriately influence or bias the content of the paper. 

There are no patents, products in development, or marketed products to declare. 

Rachel Casey: Employed by Dogs Trust.  

Holger Volk: Served as paid consultant for Boehringer Ingelheim and CEVA animal health. 

Served as contract researcher for: Nestle 2012–2014 and 2017-2019, dietary modification of 

epilepsy in dogs; Desitin Pharma, 2012, the role of levetiracetam in a referral hospital; 

industrial Funding, 2014–2015, investigating the effects of imepitoin behavioural, physiologic 

and owner-reported indicators of anxiety in dogs treated for idiopathic epilepsy. Received 

ACCEPTED M
ANUSCRIP

T



competitive research grants for: RCVS pump primer grant, 2010– 2013, 

pharmacometabonomic profiling of epileptic dogs; Waltham Foundation, 2011–2014, 

determination of plasma omega-3 fatty acid status in dogs with primary epilepsy and 

relationship to antiepileptic drug metabolism; CASE BBSRC PhD studentship, 2012–2016 

metabolic profiling of epilepsy in dogs; American Kennel Club, American Health Foundation, 

2016-2018, Investigating the Effect of a Ketogenic Medium Chain Triglycerides Supplement 

on the treatment of Canine Idiopathic Epilepsy and its behavioural comorbidities; BBSRC, 

2017-2020, Investigating the relationship between epilepsy, drug-resistance and affective 

disorders in the domestic dog. 

Clare Rusbridge: Employed by the University of Surrey and Fitzpatrick Referrals Ltd, Surrey, 

GU7 2QQ. She has served as a paid consultant for Boehringer Ingelheim . The University of 

Surrey and Fitzpatrick Referrals did not play a role in the study design, data collection and 

analysis, decision to publish, or preparation of the manuscript and only provided financial 

support in the form of authors' salaries. 

Rowena Packer: Received industrial funding as a co-applicant from Boehringer Ingelheim 

(2014-15; Investigating the effects of imepitoin on behavioural, physiologic and owner-

reported indicators of anxiety in dogs treated for idiopathic epilepsy) and Nestle (2017-19; 

Dietary modification of epilepsy in dogs). Received competitive research grants from the 

American Kennel Club (2016-18; Investigating the effect of a ketogenic medium chain 

triglycerides supplement on the treatment of canine idiopathic epilepsy and its behavioural 

comorbidities); BBSRC (2017-20; Investigating  the relationship between epilepsy, drug-

resistance and affective disorders in the domestic dog; BB/P001874/1) and (2017-2020; 

Comorbidity and characteristics of canine neurodevelopmental disorders and their impact on 

animal welfare; BB/P010881/1). 

 

ACCEPTED M
ANUSCRIP

T



 

 

References 
Adelöw, C., Andersson, T., Ahlbom, A., Tomson, T., 2012. Hospitalization for psychiatric 

disorders before and after onset of unprovoked seizures/epilepsy. Neurology 78, 396–401. 

 

Adewuya, A.O., Ola, B.A., 2005. Prevalence of and risk factors for anxiety and depressive 

disorders in Nigerian adolescents with epilepsy. Epilepsy & Behavior 6, 342–347. 

 

American Psychiatric Association, 2015. Diagnostic and statistical manual of mental 

disorders, Fifth Edn. American Psychiatric Association, London, UK, pp. 230-232. 

 

Baxendale, S., O’Sullivan, J., Heaney, D., 2013. Bright light therapy for symptoms of anxiety 

and depression in focal epilepsy: randomised controlled trial. British Journal of Psychiatry 

202, 352–356. 

 

Beata, C., Beaumont-Graff, E., Diaz, C., Marion, M., Massal, N., Marlois, N., Muller, G., 

Lefranc, C., 2007. Effects of alpha-casozepine (Zylkene) versus selegiline hydrochloride 

(Selgian, Anipryl) on anxiety disorders in dogs. Journal of Veterinary Behavior: Clinical 

Applications and Research 2, 175–183. 

 

Berendt, M., Farquhar, R., Mandigers, P., Pakozdy, A., Bhatti, S., De Risio, L., Fischer, A., 

Long, S., Matiasek, K., Munana, K., et al., 2015. International veterinary epilepsy task force 

consensus report on epilepsy definition, classification and terminology in companion 

animals. BMC Veterinary Research. 11. 

 

Berendt, M., Gredal, H., Alving, J., 2004. Characteristics and phenomenology of epileptic 

partial seizures in dogs: similarities with human seizure semiology. Epilepsy Research 61, 

167–173. 

 

Berg, A., Langfitt, J., Testa, F., Levy, S., DiMario, F., Westerveld, M., Kulas, J., 2008. 

Global cognitive function in children with epilepsy: a community‐based study. Epilepsia 49, 

608–614. 

 

Beyenburg, S., Mitchell, A., Schmidt, D., Elger, C., Reuber, M., 2005. Anxiety in patients 

with epilepsy: systematic review and suggestions for clinical management. Epilepsy & 

Behavior. 7, 161–171. 

 

Bhatti, S., De Risio, L., Muñana, K., Penderis, J., Stein, V., Tipold, A., Berendt, M., 

Farquhar, R., Fischer, A., Long, et al., 2015. International Veterinary Epilepsy Task Force 

consensus proposal: medical treatment of canine epilepsy in Europe. BMC Veterinary 

Research 11. 

 

Bootsma, H., Ricker, L., Hekster, Y., Hulsman, J., Lambrechts, D., Majoie, M., Schellekens, 

A., DeKrom, M., Aldenkamp, A., 2009. The impact of side effects on long-term retention in 

three new antiepileptic drugs. Seizure 18, 327–331. 

 

ACCEPTED M
ANUSCRIP

T



Bosch, G., Beerda, B., Beynen, A. C., van der Borg, J. A. M., van der Poel, A. F. B., 

Hendricks, W. H., 2009. Dietary tryptophan supplementation in prviately owned mildly 

anxious dogs. Applied Animal Behaviour Science 121, 197-205. 

 

Bowen, J., Heath, S., 2005. Behaviour problems in small animals: practical advice for the 

veterinary team. Elsevier, London, UK. 

 

Brandt, C., Mula, M., 2016. Anxiety disorders in people with epilepsy. Epilepsy & Behavior 

59, 87–91. 

 

Brandt, C., Schoendienst, M., Trentowska, M., Schreke, M., Fueratsch, N., Witte-Boelt, K., 

Pohlmann-Eden, P., May, T., 2013. Efficacy and safety of pregabalin in refractory focal 

epilepsy with and without comorbid anxiety disorders—results of an open-label, parallel 

group, investigator-initiated, proof-of-concept study. Epilepsy & Behavior 29, 298–304. 

 

BSAVA, 2014. BSAVA Small Animal Formulary, 8th ed. BSAVA, Gloucester, UK. 

 

Cannas, S., Scagli, E., Maltese, F., Michelazzi, M., 2013. Evaluation of a diet supplement on 

anxiety signs on dog. Journal of Veterinary Behavior: Clinical Applications and Research 8, 

e29. 

 

Cardamone, L., Salzberg, M., O’Brien, T., Jones, N., 2013. Antidepressant therapy in 

epilepsy: can treating the comorbidities affect the underlying disorder? British Journal of 

Pharmacology 168, 1531–1554. 

 

Cerovecki, A., Musli, R., Klimke, A., Seemüller, F., Haen, E., Schennack, R., Kühn, K-U., 

Volz, H-P., Riedel, M., 2013. Withdrawal symptoms and rebound syndromes associated with 

switching and discontinuing atypical antiphyschotics: theoretical background and practical 

recommendations. CNS Drugs. 27, 545-572. 

 

Chandler, K., 2006. Canine epilepsy: what can we learn from human seizure disorders? The 

Veterinary Journal 172, 207–217. 

 

Chang, Y., Mellor, D., Anderson, T., 2006. Idiopathic epilepsy in dogs: owners’ perspectives 

on management with phenobarbitone and/or potassium bromide. Journal of Small Animal 

Practice 47, 574–581. 

 

Charalambous, M., Shivapour, S., Brodbelt, D., Volk, H., 2016. Antiepileptic drugs’ 

tolerability and safety–a systematic review and meta-analysis of adverse effects in dogs. 

BMC Veterinary Research 12. 

 

Cramer, J., Rue, K. De, Devinsky, O., Edrich, P., Trimble, M., 2003. A systematic review of 

the behavioral effects of levetiracetam in adults with epilepsy, cognitive disorders, or an 

anxiety disorder during clinical trials. Epilepsy & Behavior 4, 124–132. 

 

Crowell-Davis, S. L., Seibert, L. M., Sung, W., Parthasarathy, V., Curtis, T. M., 2003. Use of 

clomipramine, alprazolam and behaviour modification for treatment of storm phobia in dogs. 

Journal of the American Veterinary Medical Association 222, 744-748. 

 

Davies, S., Heyman, I., Goodman, R., 2003. A population survey of mental health problems 

ACCEPTED M
ANUSCRIP

T



in children with epilepsy. Developmental Medicine & Child Neurology 45, 292–295. 

 

De Risio, L., Newton, R., Freeman, J., 2015. Idiopathic epilepsy in the Italian spinone in the 

United Kingdom: prevalence, clinical characteristics, and predictors of survival and seizure 

remission. Journal of Veterinary Internal Medicine 29, 917-924. 

 

Dreschel, N., 2010. The effects of fear and anxiety on health and lifespan in pet dogs. 

Applied Animal Behaviour Science 125, 157–162. 

 

Dube, M., 2015. The use of the drug Pexion (Imepitoin) in a cat with night-time vocalization. 

Proceedings of the Animal Welfare Science, Ethics and Law Veterinary Association - 

European College of Animals Welfare and Bhevaioural Medicine - European Society of 

Veterinary Clinical Ethology Congress, Bristol, United Kingdom, 2015, pp. 64-65. 

 

Ekinci, O., Titus, J., Rodopman, A., Berkem, M., 2009. Depression and anxiety in children 

and adolescents with epilepsy: prevalence, risk factors, and treatment. Epilepsy & Behavior 

14, 8–18. 

 

Ettinger, A., Ottman, R., Lipton, R., Cramer, J., Fanning, C., Reed, M., 2015. Attention‐
deficit/hyperactivity disorder symptoms in adults with self‐reported epilepsy: Results from a 

national epidemiologic survey of epilepsy. Epilepsia 56, 218–224. 

 

Ettinger, A., Weisbrot, D., Nolan, E., Gadow, K., Vitale, S., Andirola, M., Lenn, N., Novak, 

G., Hermann, B., 1998. Symptoms of depression and anxiety in pediatric epilepsy patients. 

Epilepsia 39, 595–599. 

 

Eun, S., Kim, H., Eun, B., Lee, I., Chung, H., Kim, J., Kang, H., YM, L., Suh, E., Kim, D., 

Eom, S., Lee, J., Moon, H., 2011. Comparative trial of low-and high-dose zonisamide as 

monotherapy for childhood epilepsy. Seizure 20, 558–563. 

 

Frank, D., Beauchamp, G., Palestrini, C., 2010. Systematic review of the use of pheromones 

for treatment of undesirable behavior in cats and dogs. Journal of the American Veterinary 

Medical Association 236, 1308–1316. 

 

Gower, A., Falter, U., Lamberty, Y., 2003. Anxiolytic effects of the novel anti-epileptic drug 

levetiracetam in the elevated plus-maze test in the rat. European Journal of Pharmacology 

481, 67–74. 

 

Grigg, E., Piehler, M., 2015. Influence of dog appeasing pheromone (DAP) on dogs housed 

in a long-term kennelling facility. Veterinary Record Open 2. 

 

Hagemann, A., May, T., Nieder, E., Witte-Bölt, K., Pholmann-Eden, B., Elger, C., Tergau, 

F., Schulze-Bonhage, A., Straub, H., Arnold, S., et al., 2013. Quality of life, anxiety and 

depression in adult patients after add-on of levetiracetam and conversion to levetiracetam 

monotherapy. Epilepsy Research 104, 140–150. 

 

Harden, C., Lazar, L., Pick, L., Nikolov, B., Goldstein, M., Carson, D., Ravdin, L., Kocsis, 

L., Labar, D., 1999. A beneficial effect on mood in partial epilepsy patients treated with 

gabapentin. Epilepsia 40, 1129–1134. 

 

ACCEPTED M
ANUSCRIP

T



Hemeryck, A., Belpaire, F., 2002. Selective serotonin reuptake inhibitors and cytochrome P-

450 mediated drug-drug interactions: an update. Current Drug Metabolsim 3, 13–37. 

 

Hernandez, E., Williams, P., Dudek, F., 2002. Effects of Fluoxetine and TFMPP on 

Spontaneous Seizures in Rats with Pilocarpine‐induced Epilepsy. Epilepsia 43, 1337–1345. 

 

Hesdorffer, D., Ishihara, L., Mynepalli, L., Webb, D., Weil, J., Hauser, W., 2012. Epilepsy, 

suicidality, and psychiatric disorders: a bidirectional association. Annals of Neurology 72, 

184–191. 

 

Heske, L., Nødtvedt, A., Jäderlund, K., Berendt, M., Egenvall, A., 2014. A cohort study of 

epilepsy among 665,000 insured dogs: incidence, mortality and survival after diagnosis. The 

Veterinary Journal 202, 471–476. 

 

Horwitz, D., Mills, D.S., 2010. BSAVA Manual of Canine and Feline Behavioural Medicine, 

2nd Edn. BSAVA, Gloucester, UK. 

 

Howard, P., Twycross, R., Shushter, J., Mihalyo, M., Wilcock, A., 2011. Anti-epileptic 

drugs. Journal of Pain and Symptom Management 45, 788-804. 

 

Hülsmeyer, V., Fischer, A., Mandigers, P., De Risio, L., Berendt, M., Rusbridge, C., Bhatti, 

S., Pakzody, A., Patterson, E., Platt, S., et al., 2015. International Veterinary Epilepsy Task 

Force’s current understanding of idiopathic epilepsy of genetic or suspected genetic origin in 

purebred dogs. BMC Veterinary Research 11. 

 

Ibáñez, M., Anzola, B., 2009. Use of fluoxetine, diazepam, and behavior modification as 

therapy for treatment of anxiety-related disorders in dogs. Journal of Veterinary Behavior: 

Clinical Applications and Research 4, 223-229. 

 

Igelström, K., Heyward, P., 2012. The antidepressant drug fluoxetine inhibits persistent 

sodium currents and seizure-like events. Epilepsy Research 101, 174–181. 

 

Ijff, D., Kinderen, R., Vader, C., Majoie, H., 2015. Subjectively perceived side-effects of 

anti-epileptic drugs in chronic refractory epilepsy. Advances in Pharmacoepidemiology and 

Drug Safety 4. 

 

Johnson, E., Jones, J., Seidenberg, M., Hermann, B., 2004. The relative impact of anxiety, 

depression, and clinical seizure features on health‐related quality of life in epilepsy. Epilepsia 

45, 544–550. 

 

Jokinen, T., Tiira, K., Metsähonkala, L., Seppälä, E., Hielm-Björkman, A., Lohi, H., 

Laitinen-Vapaavuori, O., 2015. Behavioral Abnormalities in Lagotto Romagnolo Dogs with a 

History of Benign Familial Juvenile Epilepsy: A Long‐Term Follow‐Up Study. Journal of 

Veterinary Internal Medicine 29, 1081–1087. 

 

Jones, N., Salzberg, M., Kumar, G., Couper, A., Morris, M., O’Brien, T., 2008. Elevated 

anxiety and depressive-like behavior in a rat model of genetic generalized epilepsy 

suggesting common causation. Experimental Neurology 209, 254–260. 

 

Kanner, A., Kozak, A., Frey, M., 2000. The use of sertraline in patients with epilepsy: is it 

ACCEPTED M
ANUSCRIP

T



safe? Epilepsy & Behavior 1, 100–105. 

 

Kanner, A. M., 2016. Most antidepressant drugs are safe for patients with epilepsy at 

therapeutic doses: a review of the evidence. Epilepsy & Behavior 61, 282-286. 

 

Karagiannis, C., Burman, O., Mills, D., 2015. Dogs with separation-related problems show a 

“less pessimistic” cognitive bias during treatment with fluoxetine (ReconcileTM) and a 

behaviour modification plan. BMC Veterinary Research 11. 

 

Kato, M., Miyaji, K., Ohtani, N., Ohta, M., 2012. Effects of prescription diet on dealing with 

stressful situations and performance of anxiety-related behaviors in privately owned anxious 

dogs. Journal of Veterinary Behaviour: Clinical Applications and Research 7, 21–26. 

 

Kearsley-Fleet, L., O’Neill, D., Volk, H., Church, D., Brodbelt, D., 2013. Prevalence and risk 

factors for canine epilepsy of unknown origin in the UK. The Veterinary Record 172, 338. 

 

Kecskeméti, V., Rusznák, Z., Riba, P., Pál, B., Wagner, R., Harasztosi, C., Nanasi, P., Szucs, 

G., 2005. Norfluoxetine and fluoxetine have similar anticonvulsant and Ca 2+ channel 

blocking potencies. Brain Research Bulletin 67, 126–132. 

 

Kerr, M., Mensah, S., Besag, F., de Toffol, B., Ettinger, A., Kanemoto, K., Kanner, A., 

Kemp, S., Krishnamoorthy, E., LaFrance, C., et al., 2011. International consensus clinical 

practice statements for the treatment of neuropsychiatric conditions associated with epilepsy. 

Epilepsia 52, 2133–2138. 

 

Ketter, T., Malow, B., Flamini, R., Ko, D., White, S., Post, R., Theodore, W., 1996. 

Felbamate monotherapy has stimulant-like effects in patients with epilepsy. Epilepsy 

Research 23, 129–137. 

 

Kimiskidis, V., Valeta, T., 2012. Epilepsy and anxiety: epidemiology, classification, 

aetiology, and treatment. Epileptic Disorders 14, 248-256. 

 

King, J., Simpson, B., Overall, K., Appleby, D., Pageat, P., Ross, C., Chaurand, J., Heath, S., 

Beata, C., Weiss, A., et al., 2000. Treatment of separation anxiety in dogs with clomipramine: 

results from a prospective, randomized, double-blind, placebo-controlled, parallel-group, 

multicenter clinical trial. Applied Animal Behavior Science 67, 255–275. 

 

Kinrys, G., Vasconcelos, S., Nery, F., 2007. Adjunctive zonisamide for treatment refractory 

anxiety. International Journal of Clinical Practice 61, 1050–1053. 

 

Kondziella, D., Asztely, F., 2009. Don’t be afraid to treat depression in patients with 

epilepsy! Acta Neurologica Scandinavica 119, 75–80. 

 

Kwon, O., Park, S., 2014. Depression and anxiety in people with epilepsy. Journal of Clinical 

Neurology 10, 175–188. 

 

Lambrechts, D., de Kinderen, R., Vles, J., de Louw, A., Aldenkamp, A., Majoie, H., 2017. A 

randomized controlled trial of the ketogenic diet in refractory childhood epilepsy. Acta 

Neurologica Scandinavica 135, 231–239. 

 

ACCEPTED M
ANUSCRIP

T



Landmark, C., 2008. Antiepileptic drugs in non-epilepsy disorders: relations between 

mechanisms of actoin and clinical efficacy. CNS Drugs 20, 27–47. 

 

Landsberg, G., 2001. Clomipramine--beyond separation anxiety. Journal of the American 

Animal Hospital Association 37, 313–318. 

 

Landsberg, G., Beck, A., Lopez, A., Deniaud, M., Araujo, A., Milgram, N., 2015. Dog-

appeasing pheromone collars reduce sound-induced fear and anxiety in beagle dogs: a 

placebo-controlled study. The Veterinary Record 177, 260. 

 

Landsberg, G.M., Melese, P., Sherman, B.L., Neilson, J.C., Zimmerman, A., Clarke, T.P., 

2008. Effectiveness of fluoxetine chewable tablets in the treatment of canine separation 

anxiety. Journal of Veterinary Behavior: Clinical Applications and Research 3, 12–19. 

 

Law, T., Davies, E., Pan, Y., Zanghi, B., Want, E., Volk, H., 2015. A randomised trial of a 

medium-chain TAG diet as treatment for dogs with idiopathic epilepsy. British Journal of 

Nutrition 114, 1438–1447. 

 

Levy, R., Cooper, P., Giri, P., Weston, J., 2012. Ketogenic diet and other dietary treatments 

for epilepsy, John Wiley & Sons. 

 

Licht, B., Licht, M., Harper, K., Lin, S., Curtin, J., Hyson, L., Willard, K., 2002. Clinical 

presentations of naturally occurring canine seizures: similarities to human seizures: 

similarities to human seizures. Epilepsy & Behavior 3, 460–470. 

 

Lopez-Gomez, M., Espinola, M., Ramirez-Bermudez, J., 2008. Clinical presentation of 

anxiety among patients with epilepsy. Neuropsychiatric Disease and Treatment 4, 1235–

1239. 

 

Loss, C., Córdova, S., De Oliveira, D., 2012. Ketamine reduces neuronal degeneration and 

anxiety levels when administered during early life-induced status epilepticus in rats. Brain 

Research 1474, 110–117. 

 

Macrodimitris, S., Wershler, J., Hatfield, M., Hamilton, K., Backs-Dermott, B., Mothersill, 

K., Baxter, C., Wiebe, S., 2011. Group cognitive-behavioral therapy for patients with 

epilepsy and comorbid depression and anxiety. Epilepsy & Behavior 20, 83–88. 

 

Maguire, M., Weston, J., Singh, J., Marson, A., 2015. Antidepressants for people with 

epilepsy and depression. Cochrane Database of Systematic Reviews 12. 

 

Mariti, C., Gazzano, A., Moore, J. L., Baragli, P., Chelli, L., Sighieri, C., 2012. Perception of 

dogs' stress by their owners. Journal of Veterinary Behavior: Clinical Applications and 

Research 7, 213-219. 

 

Marson, A. G., Al-Kharusi, A. M., Alwaidh, M., Appleton, R., Baker, G. A., Chadwick, D. 

W., Cramp, C., Cockerell, O. C., Cooper, P. N., Doughty, J., et al., 2007. The SANAD study 

of effectiveness of carbamazepine, gabapentin, lamotrigine, oxcarbazepine, or topiramate for 

treatment of partial epilepsy: an unblinded randomised trial. The Lancet. 369, 1000-1015. 

 

McPeake, K.J., Mills, D.S., 2017. The use of imepitoin (PexionTM) on fear and anxiety 

ACCEPTED M
ANUSCRIP

T



related problems in dogs – a case series. BMC Veterinary Research 13, 173. 

 

Mula, M., 2013. Treatment of anxiety disorders in epilepsy: An evidence‐based approach. 

Epilepsia 54, 13–18. 

 

Mula, M., Pini, S., Cassano, G., 2007. The role of anticonvulsant drugs in anxiety disorders: a 

critical review of the evidence. Journal of Clinical Psychopharmacolgy 27, 263–272. 

 

Mula, M., Trimble, M., 2003. The importance of being seizure free: topiramate and 

psychopathology in epilepsy. Epilepsy & Behavior 4, 430–434. 

 

Muralidharan, A., Bhagwagar, Z., 2006. Potential of levetiracetam in mood disorders: a 

preliminary review. CNS Drugs 20, 969–79. 

 

Neal, E., Chaffe, H., Schwartz, R., Lawson, M., Edwards, N., Fitzsimmons, G., Whitney, A., 

Cross, J., 2009. A randomized trial of classical and medium‐chain triglyceride ketogenic diets 

in the treatment of childhood epilepsy. Epilepsia 50, 1109–1117. 

 

Neal, E., Chaffe, H., Schwartz, R., Lawson, M., Edwards, N., Fitzsimmons, G., Whitney, A., 

Cross, J., 2008. The ketogenic diet for the treatment of childhood epilepsy: a randomised 

controlled trial. The Lancet 7, 500–506. 

 

Oguz, A., Kurul, S., Dirik, E., Eylül, D., 2002. Relationship of epilepsy-related factors to 

anxiety and depression scores in epileptic children. Journal of Child Neurology 17, 37–40. 

 

Overall, K., 1997. Clinical behavioral medicine for small animals. Elsevier, St. Louis, USA. 

Overall, K., Dunham, A., 2002. Clinical features and outcome in dogs and cats with 

obsessive-compulsive disorder: 126 cases (1989–2000). Journal of the American Veterinary 

Medical Association 221, 1445–1452. 

 

Overall, K. L., 2005. Proceedings of the Dogs Trust meeting on advances in veterinary 

behavioural medicine London; 4th-7th November 2004 Veterinary behavioural medicine: a 

roadmap for the 21st century. The Veterinary Journal 169, 130-143. 

 

Overall, K. L., Dunham, A. E., Frank, D., 2001. Frequency of nonspecific clinical signs in 

dogs with seperation anxiety, thunderstorm phobia, and noise phobia, alone or in 

combination. Journal of the Amerinca Veterinary Medical Association 219, 467-473. 

 

Overall, K. L., 2013. Manual of Clinical Behavioural Medicine for Dogs and Cats. Elsevier 

Mosby, St. Louis, USA.  

 

Overall, K., Dunham, A., Juarbe-Diaz, S., 2016. Phenotypic determination of noise reactivity 

in 3 breeds of working dogs: A cautionary tale of age, breed, behavioral assessment and 

genetics. Journal of Veterinary Behavior 16, 113-125. 

 

Packer, R., DeRisio, L., Volk, H., 2017. Investigating the potential of the anti-epileptic drug 

imepitoin as a treatment for co-morbid anxiety in dogs with idiopathic epilepsy. BMC 

Veterinary Research 13, 90. 

 

Packer, R., Law, T., Davies, E., Zanghi, B., Want, E., Volk, H., 2016. Effects of a ketogenic 

ACCEPTED M
ANUSCRIP

T



diet on ADHD-like behavior in dogs with idiopathic epilepsy. Epilepsy & Behavior 55, 62–

68. 

 

Packer, R., Volk, H., 2015. Epilepsy beyond seizures: a review of the impact of epilepsy and 

its comorbidities on health-related quality of life in dogs. The Veterinary Record 177, 306–

315. 

 

Palestrini, C., Minero, M., Cannas, S., Berteselli, G., Scaglia, E., Barbieri, S., Cavallone, E., 

Puricelli, M., Servida, F., Dall'Ara, P., 2010. Efficacy of a diet containing caseinate 

hydrolysate on signs of stress in dogs. Journal of Veterinary Behavior: Clinical Applications 

and Research 5, 309-317. 

 

Pan, Y., Larson, B., Araujo, J., Lau, W., DeRiviera, C., Santana, R., Gore, A., Milgram, N., 

2010. Dietary supplementation with medium-chain TAG has long-lasting cognition-

enhancing effects in aged dogs. British Journal of Nutrition 103, 1746–1754. 

 

Patterson, E., Munana, K., Kirk, C., Lowry, S., Armstrong, P., 2005. Results of a ketogenic 

food trial for dogs with idiopathic epilepsy. Journal of Veterinary Internal Medicine 19, 386–

488. 

 

Pearl, P.L., Drillings, I.M., Conry, J.A., 2011. Herbs in Epilepsy: Evidence for Efficacy, 

Toxicity, and Interactions. Seminars in Pediatric Neurology 18, 203–208. 

 

Peričić, D., Lazić, J., Štrac, D., 2005. Anticonvulsant effects of acute and repeated fluoxetine 

treatment in unstressed and stressed mice. Brain Research 1033, 90–95. 

 

Perucca, P., Mula, M., 2013. Antiepileptic drug effects on mood and behaviour: molecular 

targets. Epilepsy & Behavior 26, 440-449. 

 

Peterson, S. L., Trzaciakowski, J. P., St Mary, J. S., 1985. Chronic but not acute treatment 

with antidepressants enhances the electroconvulsive seizure response in rats. 

Neuropharmacology 24, 941-946. 

 

Pineda, S., Anzola, B., Olivares, A., Ibanez, M., 2014. Fluoxetine combined with clorazepate 

dipotassium and behaviour modification for treatment of anxiety-related disorders in dogs. 

The Veterinary Journal 199, 387–391. 

 

Plumb, D. C., 2008. Plumb's Veterinary Drug Handbook. 6th Ed. PharmaVet Inc.; Stockholm, 

Wisconsin, USA. 

 

Podell, M., Volk, H., Berendt, M., Loscher, W., Munana, K., Patterson, E., Platt, S., 2016. 

2015 ACVIM Small Animal Consensus Statement on Seizure Management in Dogs. Journal 

of Veterinary Internal Medicine 30, 477–490. 

 

Potschka, H., Fischer, A., Löscher, W., Patterson, N., Bhatti, S., Berendt, M., De Risio, L., 

Farquhar, R., Long, S., Mandigers, P., et al., 2015. International veterinary epilepsy task 

force consensus proposal: outcome of therapeutic interventions in canine and feline epilepsy. 

BMC Veterinary Research 11, 177. 

 

Pulsifer, M., Gordon, J., Brandt, J., Vining, E., Freeman, J., 2001. Effects of ketogenic diet 

ACCEPTED M
ANUSCRIP

T



on development and behavior: preliminary report of a prospective study. Developmental 

Medicine & Child Neurology 43, 301–306. 

 

Ribot, R., Ouyang, B., Kanner, A.M., 2017. The impact of antidepressants on seizure 

frequency and depressive and anxiety disorders of patients with epilepsy: Is it worth 

investigating? Epilepsy & Behavior 70, 5–9. 

 

Richman, A., Heinrichs, S., 2007. Seizure prophylaxis in an animal model of epilepsy by 

dietary fluoxetine supplementation. Epilepsy Res. 74, 19–27. 

 

Roshier, A. L., McBride, E. A., 2013. Veterinarians' perceptions of behaviour support in 

small-animal practice. Vet Rec 172, 267. 

 

Rothschild, A. J., Shindul-Rothschild, J. A., Viguera, A., Murray, M., Brewster, S., 2000. 

Comparison of the frequency of behavioral disinhibition on alprazolam, clonazepam, or no 

benzodiazepine in hospitalized psychiatric patients. Journal of Clinical Psychopharmacology 

20, 7-11. 

 

Rundfeldt, C., Löscher, W., 2014. The pharmacology of imepitoin: the first partial 

benzodiazepine receptor agonist developed for the treatment of epilepsy. CNS Drugs 28, 29–

43. 

 

Rundfeldt, C., Tipold, A., Loscher, W., 2015. Efficacy, safety, and tolerability of imepitoin in 

dogs with newly diagnosed epilepsy in a randomized controlled clinical study with long-term 

follow up. BMC Veterinary Research 11. 

Seksel, K., Lindeman, M., 2001. Use of clomipramine in treatment of obsessive‐compulsive 

disorder, separation anxiety and noise phobia in dogs: a preliminary, clinical study. 

Australian Veterinary Journal 79, 252–256. 

 

Sherman, B., Mills, D., 2008. Canine anxieties and phobias: an update on separation anxiety 

and noise aversions. Veterinary Clinics of North America: Small Animal Practice 38, 1081–

1106. 

 

Shihab, N., Bowen, J., Volk, H., 2011. Behavioral changes in dogs associated with the 

development of idiopathic epilepsy. Epilepsy & Behavior 21, 160–167. 

 

Simpson, B. S., Landsberg, G. M., Reisner, I. R., Ciribassi, J. J., Horwitz, D., Houpt, K. A., 

Kroll, T. L., Leuscher, A., Moffat, K. S., Douglass, G., et al., 2007. Effects of Reconcile 

(Fluoxetine) chewable tablets plus behaviour management for canine separation anxiety. 

Veterinary Therapeutics: Research in Applied Veterinary Medicine 8, 18-31. 

 

Sussman, D., Germann, J., Henkelman, M., 2015. Gestational ketogenic diet programs brain 

structure and susceptibility to depression & anxiety in the adult mouse offspring. Brain and 

Behavior 5. 

 

Tami, G., Gallagher, A., 2009. Description of the behaviour of domestic dog (Canis 

familiaris) by experienced and inexperienced people. Applied Animal Behaviour Science 

120, 159-169. 

 

Tellez‐Zenteno, J., Patten, S., Jetté, N., Williams, J., Wiebe, S., 2007. Psychiatric 

ACCEPTED M
ANUSCRIP

T



comorbidity in epilepsy: a population‐based analysis. Epilepsia 48, 2336–2344. 

 

Theodore, W., Albert, P., Stertz, B., Malow, B., Ko, D., White, S., Flamini, R., Ketter, T., 

1995. Felbamate monotherapy: implications for antiepileptic drug development. Epilepsia 36, 

1105–1110. 

 

Thomé-Souza, M., Kuczynski, E., Valente, K., 2007. Sertraline and fluoxetine: safe 

treatments for children and adolescents with epilepsy and depression. Epilepsy & Behavior 

10, 417–425. 

 

Vazquez, B., Devinsky, O., 2003. Epilepsy and anxiety. Epilepsy & Behavior 4, 20–25. 

 

Weintraub, D., Buchsbaum, R., Resor, S., Hirsch, L., 2007. Psychiatric and behavioral side 

effects of the newer antiepileptic drugs in adults with epilepsy. Epilepsy & Behavior 10, 105–

110. 

 

Williams, J., Steel, C., Sharp, G., DelosReyes, E., Phillips, T., Bates, S., Lange, B., Griebel, 

M., 2003. Anxiety in children with epilepsy. Epilepsy & Behavior 4, 729–732. 

 

Yasiry, Z., Shorvon, S., 2012. How phenobarbital revolutionized epilepsy therapy: the story 

of phenobarbital therapy in epilepsy in the last 100 years. Epilepsia 53 (S8), 26–39. 

 

Zanger, U., Schwab, M., 2013. Cytochrome P450 enzymes in drug metabolism: regulation of 

gene expression, enzyme activities, and impact of genetic variation. Pharmacology & 

Therapeutics 138, 103–141. 

  

ACCEPTED M
ANUSCRIP

T



Table 1: Summary table of evidence for anxiogenic and anxiolytic 

effects of AED in human and veterinary medicine. 
 

Anti-epileptic 

drug (AED) 

Evidence for 

anxiolytic action 

from human 

medicine 

Evidence for 

anxiogenic action 

from human 

medicine 

Evidence for from 

veterinary medicine 

Phenobarbital  

Use of primidone 

predicted anxiety after 

logistic regression 

analysis in a cross-

sectional study of 196 

patients with epilepsy.  

(Lopez-Gomez et al, 

2008) 

No evidence of 

increased anxiety as 

an adverse effect 

based on a systematic 

review of 43 

monotherapy papers. 

(Charambolous et al, 

2016) 

Potassium 

Bromide 
  

No evidence of 

increased anxiety as 

an adverse effect 

based on a systematic 

review of 8 

monotherapy papers 

and 16 adjunctive 

therapy papers. 

(Charambolous et al, 

2016) 

Levetiracetam 

Levetiracetam could 

be both an efficacious 

AED and anxiolytic. 

(Hagemann et al, 

2013)  

 

A systematic review 

found that patients 

treated with 

levetiracetam had 

lower incidence of 

behavioural problems.  

(Cramer et al, 2003)   

 

No evidence of 

increased anxiety as 

an adverse effect 

based on a systematic 

review of 2 

monotherapy papers 

and 4 adjunctive 

therapy papers. 

(Moore et al, 2010; 

Fredso et al, 2015) 

Pregabalin 

Reduced seizure 

frequency and 

significantly reduced 

anxiety scores in 

epileptic patients 

diagnosed with a 

comorbid anxiety 

disorder. 

(Brandt et al, 2013)  

 

There was not enough 

evidence to assess 

safety profile or 

adverse effects.   

(Charambolous et al, 

2016) 

Gabapentin 
Considered a mood 

enhancer and showed 
 

There was not enough 

evidence to assess 
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no significant 

anxiogenesis between 

control or treated 

adults as an add-on 

AED. 

(Harden et al, 1999) 

safety profile or 

adverse effects.   

(Charambolous et al, 

2016) 

Zonisamide 

Significantly 

decreased anxiety in 

historic non-

responders and in 

newly-diagnosed 

children. 

(Kinrys et al, 2007) 

(Eun et al, 2011) 

A 3% increase in 

anxiety was seen in 

treated patients 

compared to controls 

in a double-blinded 

add-on trial. 

(Cramer et al, 2003) 

No evidence of 

increased anxiety as 

an adverse effect 

based on a systematic 

review of 5 

monotherapy papers.  

Evidence was 

considered weak. 

(Charambolous et al, 

2016) 

Topiramate  

12.9% of epileptic 

patients with add-on 

topiramate developed 

anxiety. 

(Mula and Trimble, 

2003) 

 

Less than 5% reported 

incidence of anxiety in 

429 epileptic patients 

during short- and 

long-term drug 

therapy. 

(Bootsma et al, 2009) 

There was not enough 

evidence to assess 

safety profile or 

adverse effects.  

(Charambolous et al, 

2016)  

Felbamate  

A small, randomized, 

placebo controlled 

study found that six of 

13 patients receiving 

felbamate 

monotherapy dropped 

out due to intolerable 

adverse effects 

including anxiety. 

(Theodore et al, 1995) 

No evidence of 

increased anxiety as a 

adverse effect based 

on a systematic review 

of 3 monotherapy 

papers.  Evidence was 

considered weak. 

(Charambolous et al, 

2016) 

Imepitoin   

No change in fear and 

anxiety-related 

behavioural scores in 

85 dogs before or 

during treatment for 

IE with imepitoin. 

(Packer at al, 2017) 

 

ACVIM consensus 

statement reported no 
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anxiety as an adverse 

effect of imepitoin. 

(Podell et al, 2016) 

 

Anxiety reported as a 

less common, dose-

dependent and 

reversible adverse 

effect in a systematic 

review of 6 

monotherapy and 2 

adjunctive therapy 

papers.   

(Charambolous et al, 

2016) 

Polypharmacy 

No significant 

difference in anxiety 

levels or increased 

adverse effect levels in 

polypharmacy patients 

compared to 

monotherapy human 

patients.   

(Ettinger et al, 1998) 

(Ijff et al (2015) 

Polypharmacy was a 

significant risk factor 

associated with 

increased anxiety 

following regression 

analysis in 35, 102 and 

101 children and 

adolescent patients. 

(Oguz, 2002) 

(Adewuya & Ola, 

2005) 

(Williams et al, 2003) 

No evidence available. 
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