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Lay Abstract 

Mood disorders (MD), including major depressive disorder (MDD) and bipolar disorder, 

are among the most common mental disorders worldwide. Treating MD is a challenge 

because of long treatments, the presence of other illnesses, treatment side effects, 

problems with memory, attention, and decision-making, a lack of understanding about 

medications, or incorrect beliefs about medication (BAM). Persons with MD who do not 

respond to drug treatment are often given electroconvulsive therapy (ECT). 

This thesis explored the challenges of treating persons with MD through: (1) a pilot study 

examining whether a one-on-one personalized medication training program, called 

PIMM/SAM, would help persons with MD take their medications as prescribed; and (2) a 

study of the effects of ECT on cognitive functioning in depression. Results: (1) 

participants randomized to PIMM/SAM group held fewer negative BAM than 

participants receiving standard care; (2) evidence showed worse cognitive functioning in 

persons who received more intense forms of ECT. 

Word count: 150 (150 words maximum)  
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Abstract 

Mood disorders (MD) are among the most common mental disorders worldwide. Low 

treatment adherence and treatment resistance are two of the most substantial challenges 

facing clinicians who treat persons with MD. This thesis examined: (1) a pilot study 

investigating whether a one-on-one personalized medication training program, called 

PIMM/SAM, improves medication adherence in persons with MD; and (2) a systematic 

review and meta-analysis on the effects of electroconvulsive therapy (ECT) on cognitive 

functioning in persons with depression. 

To evaluate the impact of PIMM/SAM on medication adherence, a randomized 

controlled trial was launched in a mood disorders inpatient unit to compare PIMM/SAM 

(partnership in medication management/self-administered medication) program to 

standard prescribing practice (SPP). Over follow-up in the feasibility portion of the trial, 

participants in the PIMM/SAM group (n = 7) held fewer negative beliefs about 

medications and had lower depersonalization scores compared to participants in the SPP 

group (n = 5). Between-group differences on the Medication Adherence Rating Scale 

favoured the PIMM/SAM group, but were not statistically significant. 

To examine the effects of bilateral versus unilateral ECT on cognitive performance in 

persons with TRD, 18 studies across 10 different cognitive domains were meta-analyzed. 

In the 8- to 30-day timeframe post-ECT, persons who received bilateral versus unilateral 

ECT had over double the odds of worse cognitive performance in global cognition, non-
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verbal memory delayed recall, verbal memory immediate and delayed recall, subjective 

memory, and verbal memory immediate recall. 

A personalized medication training program in a mood disorders clinic may have 

positive implications for medication adherence. The trial to evaluate PIMM/SAM versus 

SPP is ongoing and further evidence about the training program is expected within the 

next 12 months. The systematic review and meta-analysis showed that cognitive 

performance was worse in persons who received bilateral versus unilateral ECT in some 

cognitive domains at 8 to 30 days post-treatment. 
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1. General Introduction 

This thesis examines two components of treating mood disorders (MD): (1) a one-on-one 

medication training program to improve medication adherence in persons with MD; and 

(2) the effects of electroconvulsive therapy (ECT) on cognitive functioning in persons 

with depression (MDD). The introduction presents background information to 

contextualize the remainder of the thesis. The introduction begins with an explanation of 

mood disorders and medication adherence to provide a segue into Chapter 2, which 

reports on the early results of a randomized controlled trial (RCT) that is part of a larger 

sequential explanatory mixed methods study to evaluate a personalized medication 

training versus standard prescribing practice as a means of improving medication 

adherence in persons with MD. Next, the introduction presents information on treatment-

resistant depression (TRD), electroconvulsive therapy (ECT), cognition, and evidence-

based medicine (EBM) to place Chapters 3 and 4 in the context of a meta-analysis to 

investigate the effects of ECT on cognitive functioning. Chapter 5, which is not discussed 

in the introduction, is a summary of the content and main findings of the thesis. Two 

important conclusions arising from the thesis, with respect to treating MD, are that 

personalized medication training programs can improve medication adherence and that 

ECT is associated with cognitive deficits in persons treated for TRD. 

1.1. Mood Disorders 

MD, including MDD, dysthymic/persistent depression disorder (DPDD), and bipolar 

disorder (BD), are among the most common mental disorders in Canada. Statistics 
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Canada reported an MD prevalence of 6.5% (N = 2,346,244) among all persons in 

Canada (Government of Canada, 2016). Globally, the World Mental Health Surveys 

estimate a 12% lifetime prevalence of MD and a 6% 12-month prevalence of MD; MD 

are the second most prevalent type of mental health disorder, following anxiety disorders 

(Kessler et al., 2009). Approximately 350 million people worldwide suffer from MDD 

alone (World Health Organization, 2008). The estimated prevalence of DPDD is 5% 

(Sadock & Sadock, 2007) and the estimated prevalence of BD ranges from 0.1% in 

Nigeria to 3.3% in the United States (Merikangas et al., 2011). Persons with MD 

experience changes in many domains, including behaviour, cognitive/body functions, 

thoughts, studies/education, family and social interactions (American Psychiatric 

Association, American Psychiatric Association, & DSM-5 Task Force, 2013). 

Financially, the burden of MD leads to productivity losses in the workplace, high 

healthcare costs, and lost familial income. MD adversely affects family income because 

persons with a mood disorder, and their close family relatives, often require unpaid time 

away from work. Additionally, the cost of pharmaceutical therapy can be quite high, 

especially for individuals with limited or without prescription drug insurance (Health 

Canada, 2002). 

MD are typically diagnosed by examining clinical symptomatology as seen in the 

Diagnostic and Statistical Manual of Mental Disorders – 5 (DSM-5) (American 

Psychiatric Association et al., 2013). Additional work has generated evidence that 

breakdowns in common brain circuits related to cognition and behaviour may be 
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responsible for the development of the psychopathology and general dysfunction inherent 

in MD (Iorfino, Hickie, Lee, Lagopoulos, & Hermens, 2016). Therefore, neuroimaging, 

neurophysiology, and circadian biology, as well as studying related issues such as, may 

identify biomarkers that indicate a risk of MD, or that can serve as therapeutic targets for 

treatment. Evolving thinking has posited that neurobehavioural systems, rather than single 

neurotransmitters, are part of the etiology of MD (Sadock & Sadock, 2007). Components 

of these overarching neurobehavioural systems include norepinephrine, serotonin, and 

dopamine (Sadock & Sadock, 2007). 

A recent systematic review of functional neurobiological parameters in young people 

(i.e., 12 to 30 years) with MD or anxiety disorders highlights the interest in researching 

the neurobiology of MD (Iorfino et al., 2016). The review’s authors included 134 studies 

that were categorized into five functional domains, with many studies featuring more than 

one domain: social and economic participation: n"="11; physical health: n"="3; suicide and 

self-harm behaviours: n"="22; alcohol and substance use: n"="10; and clinical syndrome: 

n"="98. The neurobiological parameters examined in these studies were neuropsychology 

n"="28, neuroimaging n"="62, sleep-wake and circadian biology n"="23, neurophysiology 

n"="21, and metabolic measures n"="10. 

The authors of the review found a relation between slower reaction times in induced-

based decision-making tasks, as well as an increased frequency of self-harm in persons 

with MDD in remission. In terms of symptomatology, the authors reported a relation 

between increased startle response and numerous depressive episodes and anxiety 
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symptoms. A reduction in the startle response was linked to a reduction in anxiety levels 

following a course of cognitive behavioural therapy (CBT). These findings, combined 

with the evidence from the neuroimaging studies, confirmed the importance of the 

amygdala activation in the threat process (Iorfino et al., 2016).  

The authors of the review identified a gap in the literature in the area of biomarkers 

and functional domains (e.g., physical health, social and economic participation, suicide 

and self-harm, and substance use). Most of the manuscripts in this systematic review 

describe research related to clinical symptoms. Understanding the relation between 

biomarkers and functional domains may improve treatment and prognosis in young 

people with MD (Iorfino et al., 2016).  

The search for a biological basis for MD has focused on the monoamine hypothesis. 

Due to associations between the psychological and cellular actions of psychotropic 

agents, a view exists that functional deficiencies in catecholamines, especially 

norepinephrine, can lead to depression. Research has connected other biogenic amines to 

depression, including serotonin, dopamine, and epinephrine (Barchas & Altemus, 1999). 

Another biological basis for MD involves inflammation. Persons with MDD show 

heightened expression of pro-inflammatory cytokines and receptors, plus high levels of 

acute-phase reactants, chemokines, and soluble adhesion molecules in peripheral blood 

and cerebrospinal fluid (CSF). Additionally, pro-inflammatory 'M1' macrophage 

phenotypes and magnified IL-6, IL-8, and type I IFN-induced signalling pathways are 

hallmarks of MDD (Miller & Raison, 2016). Early data postulate that depressed moods 
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may be ameliorated by inhibiting pro-inflammatory cytokines and related signaling 

pathways (Miller, Maletic, & Raison, 2009). 

In recent years, researchers have focused on the relation between MD and trauma. 

The plight of many returning military personnel from service in Vietnam during the 

1970s spurred studies of the etiology, risk factors, and effects of post-traumatic stress 

disorder (PTSD). Researchers noticed that roughly half of all people with PTSD had 

MDD (Flory & Yehuda, 2015). Research has also found that a majority of persons with 

MDD or an anxiety disorder have co-morbid trauma. For example, approximately 91% of 

persons in a study of 2,000 people with anxiety or depressive disorders reported 

experiencing a traumatic or bothersome life event (Spinhoven, Penninx, van Hemert, de 

Rooij, & Elzinga, 2014). Furthermore, the National Institute of Mental Health (NIMH) 

has reported that 40% of persons with PTSD develop depression within one to four 

months after experiencing a traumatic event (National Institute of Mental Health, 2016). 

Explanations for the PTSD/MDD comorbidity lie in symptom overlap and the 

possibility of a distinct trauma-related phenotype. Dissociation and altered states of 

consciousness in time, thought, body, and emotion are thought to have transdiagnostic 

implications for trauma-related disorders; models based on dissociative states may help 

identify risk factors for trauma-related disorders (Lanius, 2015). Also, further 

examination of the glucocorticoid receptor (GR) and FKBP5 genes and related molecular 

processes can help elucidate the relation between PTSD and MDD (Flory & Yehuda, 

2015). 
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There is an urgent need to identify factors that contribute to treatment efficacy in 

MD. Following first-line treatment, only 37% percentage of patients will show a positive 

treatment response, with dwindling positive responses at subsequent phases (i.e., 31% 

second phase, 14% third phase, and 13% fourth phase) (Rush et al., 2006).Treatments for 

mood disorders are also associated with significant adverse effects. Accordingly, we 

sought to examine a means of improving medication adherence in a mood disorders 

inpatient unit. Where possible, we also explored the relation between MDD and trauma in 

participants who were part of the study. 

1.2 Medication Adherence in Mood Disorders 

Adherence is defined as the extent to which an individual behaves in accordance with 

medical advice (Dunbar-Jacob & Mortimer-Stephens, 2001). The WHO has reported that 

50% of persons who are diagnosed with chronic conditions in developed countries do not 

use their medications as prescribed (World Health Organization, 2008). In MD, the two 

main adherence problems are medication non-persistence and medication non-compliance 

(Chong, Aslani, & Chen, 2011). Medication non-persistence is the premature 

discontinuation of pharmacotherapy. Medication non-compliance is the lack of regularity 

in taking or using prescribed drugs. Horne has reported that most people’s personal 

understanding and beliefs regarding their MD diagnosis will influence how they evaluate 

the logic of prescribed medical treatments or medical recommendations (Horne, 

Weinman, Barber, Elliott, & Morgan, 2006).  
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In terms of percentages, medication adherence in MD is low, ranging from 30% to 

70% in MDD and 18% to 52% in BD (Scott & Pope, 2002). Psychiatric medication non-

adherence rates have been constant since the 1950s. The WHO has earmarked MDD as 

one of the nine chronic conditions that can benefit most from efforts to improve 

adherence. Nearly a third of persons with MDD discontinue their antidepressant treatment 

against medical advice during their first month of treatment (Chong et al., 2011). In 

addition, persons with MDD may not agree with the timing, dose and frequency of 

medication taking precisely because of their normative beliefs about the disease. For BD, 

research has shown that the average person lies midway along the continuum between 

being completely adherent and completely non-adherent. Furthermore, research has 

shown that 30% to 50% of persons prescribed with a mood stabilizer for prophylaxis have 

on average one episode of non-adherence per year. 

Scott and Pope reported that clinicians were uncertain of the true reasons for non-

adherence; clinicians often wrongly believed that persons’ self-perceived good health led 

to non-adherence (Scott & Pope, 2002). Also, previous research regarding medication 

adherence in psychiatric populations has concluded that patients’ attitudes and behaviours 

encouraged non-adherence. Some other research has blamed medications’ side effects as 

the cause for low medication adherence; however, side effects are actually ranked as the 

seventh reason for discontinuing medications (Clarworthy, 2009).  

Reasons for non-adherence in MD may include adverse effects from medications or 

the fear of suffering such effects, suicide, hospital re-admission, recurrence of disease 
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episodes, the effects of disease symptoms (e.g., low motivation, fatigue or loss of energy, 

lack of concentration, indecisiveness), stigma toward psychiatric medications or belief in 

propaganda against psychiatric medications, low quality-of-life, negative attitudes toward 

therapy, job loss due to illness, familial and relationship troubles, lower likelihood of 

having family members involved in treatment, forgetfulness, belief in being cured and not 

needing medications, perceived ineffectiveness of therapy, misunderstanding of treatment 

regimens, self-dosing, or impairment due to alcohol, physical illness, changing patterns of 

healthcare delivery, increased medication costs, or mania (Coldham, Addington, & 

Addington, 2002; Dunbar-Jacob & Mortimer-Stephens, 2001). The presence of cognitive 

deficits, particularly deficits in executive functioning and in verbal memory, has also been 

associated with poor functional outcomes (e.g., vocational) in patients with mood 

disorders (Depp et al., 2009; Dickerson et al., 2004; Gildengers et al., 2007; Jaeger & 

Vieta, 2007). Critically, these cognitive deficits may persist following the resolution of 

depressive episodes in some patients, and show worsening with subsequent episodes of 

illness (MacQueen et al., 2003). Moreover, cognitive deficits impact negatively on the 

outcome of pharmacological and non-pharmacological treatments for mood and related 

affective disorders, where the ability to engage in and successfully complete treatment 

relies heavily on higher-order cognitive processes (Dunkin et al., 2000; Polak, Witteveen, 

Reitsma, & Olff, 2012). From the perspective of adherence, a study of 100 persons with 

BD found that persons who adhered to treatment had fewer comorbidities, more resources 
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for coping with stress, and higher contentment with life compared to persons who did not 

adhere to treatment (Darling, Olmstead, Lund, & Fairclough, 2008). 

Numerous attempts to improve medication adherence in MDD have been reported in 

the literature. A recent systematic review of 26 studies of interventions to improve 

antidepressant medication adherence found that the most successful interventions were 

multifactorial in nature (Chong et al., 2011). These successful interventions employed 

strategies involving mental health professionals, education, telephone monitoring of 

participants’ progress, ongoing support of participants, participants’ inclusion in the 

process of taking medications, and feedback of participant progress to partners in care. 

Education alone, without monitoring and feedback, was unsuccessful in boosting 

adherence. The authors of the review concluded that better adherence to antidepressant 

drug therapy requires behavioural modification through structured programs that reach 

beyond didactic education sessions or the provision of reading materials. However, the 

authors could not identify the specific components of multifactorial programs that were 

the most responsible for improving adherence. No one combination of components 

appeared to be optimal for promoting medication adherence (Chong et al., 2011). 

Similar programs exist in other areas of medicine. A recent systematic review of 

patient support programs included 64 studies across the spectrum of chronic diseases 

(Ganguli, Clewell, & Shillington, 2016). Each study described a different program, but 

the majority of programs shared similar features such as clinic-based face-to-face support 

mechanisms led by allied healthcare professionals (nurses, pharmacists). Other features 
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included group teaching, refill reminders, and mailings. Of the 41 programs that 

measured adherence, 27 (66%) reported positive outcomes on measures such as pill 

counts, ad hoc and standardized adherence questionnaires, prescription refills, and self-

report.  

1.3. Partnership in Medication Management/Self-Administered Medication 

In this thesis, we evaluated the efficacy of the Partnership in Medication 

Management/Self-Administered Medication (PIMM/SAM) program versus standard care 

to improve medication adherence in MD (Chapter 2). PIMM/SAM involved individual, 

one-on-one sessions between persons with MD and nurses. In PIMM/SAM, study 

participants were responsible for taking their medications as prescribed, with education, 

help, and support from nurses in interactive sessions. In the sessions, persons with MD 

told their nurses about the medications they would administer at home. The nurses gave 

these persons educational information about their medications and also discussed 

strategies to help them take their medications as prescribed. Participants were also 

provided with a choice of notebooks, pens, highlighters, post-its, alarm clocks, checklists, 

and referrals to online apps to record information about medications and trigger reminders 

to take medications. On each day participants were in the study, they were responsible for 

notifying the nurses within an hour of the time when they had to take their medications. 

After the notification, the participants met with their nurses and were shown all of the 

medications that they were required to take at that time. Participants then identified each 

of their medications and described the benefits, purposes, dosage, common adverse 
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effects of each medication, and the importance of continuing to take the medications and 

following their treatment plans. The main goal of the PIMM/SAM program was to mimic, 

as much as possible, in the inpatient setting, the conditions under which participants 

would take their medications at home. Accordingly, participants were asked to select 

those reminders most consistent with the procedure they would follow at home to remind 

themselves to take their medication (i.e., use of an alarm clock). The intent was for 

participants to develop an understanding of the importance of taking their medications as 

prescribed, as well as a routine to promote continued medication adherence after 

discharge into the community.  

1.4. Treatment-resistant Depression 

A recent analysis of the Global Burden of Disease Study found MDD to have the largest 

age-standardized rate of disability-adjusted life-years among 23 different mental, 

neurological, and substance-abuse disorders (Whiteford, Ferrari, Degenhardt, Feigin, & 

Vos, 2016). While existing antidepressant medications may be effective for many persons 

with MDD, provided they adhere to treatment, some estimates suggest slightly under half 

of all persons receiving first-line antidepressants will not experience clinical benefits after 

treatment (Gartlehner et al., 2008). Additionally, only 33% of persons will fully recover 

or remit following first-line treatment (Trivedi et al., 2006). Adverse effects from 

antidepressants are many, including headaches, gastrointestinal upset, insomnia, 

restlessness, fatigue, anxiety, weight gain, sexual dysfunction, and sedation (Santarsieri & 

Schwartz, 2015). Traditional approaches to overcome treatment nonresponse have 
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included supplementing the first-line treatment with additional medications or switching 

to a new medication. The large Sequenced Treatment Alternatives to Relieve Depression 

(STAR*D) trial is one example of an initiative designed to provide evidence to guide the 

treatment of TRD (Warden, Rush, Trivedi, Fava, & Wisniewski, 2007). Despite such 

initiatives, limited evidence is available to guide clinical decision making following initial 

treatment failures (Gaynes et al., 2012; Souery, Papakostas, & Trivedi, 2006). 

Besides a lack of evidence regarding adequate drug therapy, TRD is a vexing 

problem to treat because of disagreement over the diagnostic criteria used to identify the 

condition. Consequently, many individuals who are thought to be treatment resistant are 

actually misdiagnosed. Disagreement even exists at the fundamental level of how many 

failed treatment trials are required before TRD may be considered to be present (Souery 

et al., 2006). 

Non-drug therapies do exist for TRD. Transcranial magnetic stimulation (TMS) is 

one alternative that has shown modest benefits in typically younger individuals with 

lower thresholds of treatment resistance and fewer comorbid anxiety or psychotic 

symptoms. However, the optimal treatment regimen—i.e., duration, sequential bilateral 

stimulation, pulses per session—is unknown (Lee, Blumberger, Fitzgerald, Daskalakis, & 

Levinson, 2012). Deep brain stimulation (DBS) to the subgenual cingulate cortex is a 

newer potential therapeutic option for TRD. A recent meta-analysis reported high 12-

month response (39.9%; 95% confidence interval [CI]: 28.4% to 52.8%) and remission 

(26.3%; 95% CI: 13.0% to 45.9%) rates, and lower 12-month depressive symptoms 
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(pooled Hedges g effect size: -1.89; 95% CI=-2.64 to -1.15), in persons treated with DBS 

(Berlim, McGirr, Van den Eynde, Fleck, & Giacobbe, 2014). These meta-analytic 

findings are preliminary and inconclusive of efficacy because they are based on four 

observational studies totaling 66 participants. Information about the adverse effects of 

DBS is also limited. A recent crossover RCT comparing DBS of the ventral anterior limb 

of the internal capsule versus sham stimulation recruited 25 patients into two-phase study 

(Bergfeld et al., 2016). The first phase was a 52-week optimization phase to achieve 

stable responses on DBS, followed by the second phase, which was a 12-week double-

blinded crossover of DBS versus sham (only 16 people entered the second phase). 

Adverse effects included severe nausea (n =1), suicide attempts (n = 4), and suicidal 

ideation (n = 2). More evidence is required to draw firmer conclusions about the efficacy 

of DBS to treat TRD. 

A recent systematic review (also known as an evidence report) from the Agency for 

Healthcare Research and Quality (AHRQ) investigated the efficacy of four non-

pharmacologic therapies in TRD: ECT, repetitive TMS (rTMS), vagus nerve stimulation 

(VNS), and cognitive behavioral therapy or interpersonal psychotherapy (CBT or IPT) 

(Gaynes et al., 2011). The report concluded that research investigating the effects of non-

pharmacologic interventions on TRD is in its early stages. In terms of efficacy, the results 

were limited to a small number of RCTs. Only two RCTs compared nonpharmacological 

therapies: one examined ECT versus rTMS and the second investigated ECT versus ECT 

plus rTMS. Neither of these RCTs reported any differences in efficacy between the 
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treatments. In one RCT involving a group of individuals with MDD or BD, ECT showed 

a 9-point decrease in the Hamilton Depression Scale (Hamilton, 1960) (p < 0.05) versus 

medications alone. The review identified only one trial of VNS, which was compared to 

sham treatment. No statistically significant differences in efficacy or adverse effects were 

found between VNS and sham treatment, although the number of withdrawals due to 

adverse effects was greater (though not statistically significantly greater) in the VNS 

group. The review did not find any trials of CBT or IPT. 

1.5. Electroconvulsive Therapy 

ECT is another treatment option for TRD. ECT involves the transmission of electric 

current through the brain to trigger a brief seizure, change brain chemistry, and reduce 

symptoms of TRD. The neurotrophic hypothesis of depression has been cited as the 

mechanism by which ECT works (Tunca et al., 2015). In the 1930s, Lazlo Meduna 

observed that people who suffered from grand mal seizures did not have schizophrenia. 

Hence, he began comparing neuroanatomical differences between the brains of people 

who suffered from epilepsy or schizophrenia. Meduna observed a lack of glial cell growth 

in the brains of people with schizophrenia; the absence of growth was inversely 

proportional to the increase in glial cells that he observed in the brains of people with 

epilepsy. These observations led Meduna to conclude that schizophrenia could be treated 

with pharmacologically-induced seizures. 

Meduna tested his theory by inducing seizures with camphor oil in a catatonic patient 

who recovered after five treatments. In the late 1930s, two Italian doctors successfully 
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induced seizures with electricity in a person with schizophrenia, who fully recovered after 

11 treatments. In the 1940s, ECT was used in the United States. 

Since the initial years of ECT treatment, researchers have studied ways to improve 

the seizure induction and reduce adverse effects. Today, many different ECT modalities 

exist, including pulse shape (shift from sine wave to rectangular, pulse width [brief to 

ultrabrief] and electrode placement (bilateral [BL], unilateral [UL]). Also, ECT is 

delivered under general anesthesia and patients are provided with muscle relaxants to 

prevent bone fractures (Dougherty & Rauch, 2007). 

Besides the neurotrophic hypothesis, researchers have put forward many additional 

explanations for ECT’s mechanism of action. Neurogenesis is one such explanation. ECT 

appears to have an impact on neuronal structures, with the shocks from treatment having 

been observed to increase subgranular zone precursor cell proliferation in the monkey 

hippocampus. Also, PET studies have shown relations between antidepressants and 

increased metabolism in the left subgenual anterior cingulate cortex (ACC) and 

hippocampus (Angela Merkl, Heuser, & Bajbouj, 2009).  

Brain-derived neurotrophic factor (BDNF) has been shown to be a component in the 

pathogenesis of MD. Peripheral BDNF levels are generally lower in MDD and BD. 

Evidence has shown that BDNF levels improve in tandem with the amelioration of 

symptoms in persons with MD (Hashimoto, 2010). Therefore, research has sought to 

explore the possibility of a positive association between ECT and BDNF levels in persons 

with MD (Bouckaert et al., 2014). However, current results are not promising. For 
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example, no links have shown between val66val or met versions of the BDNF 

polymorphism and mood outcomes following ECT (Bennett, Currie, Fernie, Perrin, & 

Reid, 2016). Also, research has found that hippocampal increases in volume post-ECT 

were independent of sBDNF and depressive symptomatology (Bouckaert et al., 2016). A 

recent review concluded that ECT in humans might boost BDNF concentrations, but such 

increases are not clearly connected to behavioural changes (Polyakova et al., 2015). This 

conclusion has been echoed by other researchers (Brunoni, Baeken, Machado-Vieira, 

Gattaz, & Vanderhasselt, 2014). 

Further explanations for the mechanism of ECT relate to increased depletion of 

inhibitory neurotransmission (γ-aminobutyric-acid [GABA]) in the cortical network, 

which can promote antidepressant and anticonvulsive properties. Also, the electrical 

discharge from treatment may stimulate monoamine neurotransmitter systems such as 

dopamine, serotonin, and norepinephrine, or the discharge may promote cell proliferation 

related to neuroplasticity (the “anticonvulsive hypothesis”). ECT may also restore 

hypothalamic–pituitary–adrenal axis abnormalities or affect the subgenual cingulate gyrus 

(SCG), including Brodmann's area 25 and parts of 24 and 32, which demonstrated 

abnormal metabolic activity in persons with MDD (A. Merkl, Heuser, & Bajbouj, 2009; 

Angela Merkl et al., 2013). 

ECT has evoked diametrically opposed reactions from different quarters of the 

clinical community, with some clinicians concerned about potential adverse effects, while 

others believe it is efficacious and safe (The UK ECT Review Group, 2003). In current 
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clinical practice, ECT prompts a generalized seizure via the delivery of an electrical 

current to the brain, with leads positioned to the scalp and skull unilaterally or bilaterally. 

The traditional placements of the leads were bitemporal (or bifrontotemporal or simply 

bilateral) and right unilateral; more recently, clinicians have been using bifrontal 

placement. The positioning of the leads affects treatment efficacy and the possibility of 

experiencing cognitive adverse effects (Kellner, Tobias, & Wiegand, 2010). Common 

adverse effects from ECT include headache, muscle ache, and nausea. Some ECT 

recipients experience acute confusion for 30 to 60 minutes post-ECT, largely due to the 

combined effects of the ECT itself and the anesthesia (Department of Psychiatry, 

Available at: http://www.psych.med.umich.edu/ect/common-side-effects.asp. Accessed 

on July19).  

Meta-analyses have reported benefits for ECT in the treatment of TRD. A pivotal 

meta-analysis from the United Kingdom found that real ECT was more effective than 

simulated ECT (six trials, 256 patients) or drug therapy, with bilateral ECT being more 

effective than unipolar ECT (22 trials, 1408 participants) (The UK ECT Review Group, 

2003). In another meta-analysis, brief right unilateral ECT was statistically significantly 

more efficacious for depression than ultrabrief right unilateral ECT (standardized mean 

difference: 0.25; 95% CI: 0.08 to 0.41), although ultrabrief had a lower remission rate 

than brief (odds ratio: 0.71; 95% CI: 0.51 to 0.99) (Tor et al., 2015). 

Meta-analyses have also found that persons who undergo ECT may experience 

cognitive deficits as adverse effects of ECT. The evidence of cognitive deficits from these 
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meta-analyses is limited, though, because the number of cognitive domains examined was 

small (i.e., four domains only [retrograde memory, anterograde memory—learning, 

anterograde memory—delayed recall, global cognitive function]) (Tor et al., 2015), or 

studies with substantial clinical heterogeneity were combined under single cognitive 

domains (Semkovska & McLoughlin, 2010). Alternative explanations suggest that some 

reports of memory loss following ECT may be manifestations of somatoform disorders 

(Fink, 2007). 

In one of these meta-analyses (Tor et al., 2015), the authors set-out to examine the 

comparative efficacy of brief pulse versus ultrabrief pulse right unilateral ECT. Cognitive 

function was a secondary outcome of the review and the authors grouped the 

neuropsychological instruments used in the included studies into the four domains 

mentioned in the previous paragraph. The initial literature search yielded 644 references 

after removal of duplicates and seven studies (5 RCTs, 2 observational) were included in 

the review. The summary standard mean differences (SMDs) for cognitive function all 

favoured ultrabrief pulse ECT: retrograde memory (SMD: 0.38; 95% CI: 0.15 to 0.61 [5 

studies]); anterograde memory—learning (SMD: 0.45; 95% CI: 0.22 to 0.68 [2 studies]); 

anterograde memory—delayed recall (SMD: 0.56; 95% CI: 0.40 to 0.73 [3 studies]); 

global cognitive function (SMD: 0.36; 95% CI: 0.09 to 0.63 [2 studies]). 

In the other meta-analysis (Semkovska & McLoughlin, 2010), the authors’ primary 

research question was to examine the evidence for cognitive impairment following ECT. 

The authors identified 1,525 articles after removing duplicates and included 84 studies in 
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the review. The articles contained 22 standardized neuropsychological tests spread over 

eight cognitive domains (global cognitive status, processing speed, attention/working 

memory, verbal episodic memory, visual episodic memory, spatial problem solving, 

executive functioning, intellectual ability). The authors created 24 strata based on the type 

of test and grouped the studies into one or more of these strata. The strata were further 

sub-divided into three time periods based on the interval between the final ECT session 

and the last administration of a cognitive test (0 – 3 days, 4 – 15 days, > 15 days). 

Statistically significant decreases in cognitive performance were observed in the 0 – 3 day 

period in 72% of the variables, with effect sizes (Cohen’s d) ranging from -1.10 (95% CI: 

-1.53 to -0.67) to -0.21 (95% CI: -0.40 to 0.01). In the 4 to 15 period, only one result 

suggested the presence of cognitive impairment (verbal paired associates delayed recall: 

Cohen’s d: -0.36; 95% CI: -0.62 to -0.10 [4 studies]). Beyond 15 days, no results 

indicated the presence of cognitive impairment. 

1.6. Cognition 

Cognition concerns the mental processes required to gain knowledge and understanding 

from thoughts, experiences, and senses. Cognition also involves remembering knowledge 

and understanding, and being able to reason. Due to the multidimensionality of cognition, 

the construct has been divided into several domains. To assess cognition, many 

questionnaire-based and task-oriented instruments have been developed over time to 

measure cognitive processes in specific domains, as well as globally. The National 

Institutes of Health has identified 74 different instruments to measure cognition. 
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Cognitive deficits have been found in many psychiatric disorders, including 

schizophrenia, unipolar depression, obsessive-compulsive disorder, posttraumatic stress 

disorder (PTSD), attention-deficit/hyperactivity disorder, and borderline personality 

disorder {(Hart et al., 2008; Hasselbalch, Knorr, Hasselbalch, Gade, & Kessing, 2012; 

Iorfino et al., 2016; Murrough, Iacoviello, Neumeister, Charney, & Iosifescu, 2011; 

Parlar, 2015; Parlar, Frewen, Oremus, Lanius, & McKinnon, 2016a; Polak et al., 2012)}. 

Over the last 25 years, researchers have become interested in the neurobiology of 

cognition as a means of understanding the biological and pathophysiological processes 

linking cognition and psychiatric disorders (Brunoni et al., 2014; Lanius, 2015; Murrough 

et al., 2011; Parlar, 2015; Williams et al., 2016). Neurobiological evidence is starting to 

accumulate in the literature, thereby allowing researchers to gain greater insights into the 

interplay between MD and cognition. This evidence is generating new research as well, 

with one example being the use of brain circuit functioning to define new dimensions of 

psychopathology and develop a neural circuit taxonomy for mental disorder (Williams et 

al., 2016). 

Cognitive deficits are manifested in persons with MDD. Cognition-related symptoms 

such as reduced ability to think, loss of concentration, or difficulty in decision making are 

hallmarks of MDD. Neuropsychological tests have shown people with MDD, compared 

to non-depressed controls, perform more poorly on the Trail Making Test, the Symbol 

Digit Modalities Test, and the Stroop test (Hasselbalch et al., 2012). Research has shown 

a relation between memory deficits and early depressive symptoms. Deficits in verbal 
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memory have been associated with the development of depressive symptoms (Iorfino et 

al., 2016). Additionally, researchers have reported a relation between a decline in 

executive function and more persistent depressive symptoms (Iorfino et al., 2016). 

Dysfunctional prefrontal-subcortical circuitry and associated challenges in emotion 

control are believed to explain cognitive deficits in persons with MDD (Murrough et al., 

2011). The recent International Study to Predict Optimized Treatment in Depression 

(iSPOT-D) trial found that 8-week acute treatment with escitalopram, sertraline, or 

venlafaxine extended-release did not improve cognitive performance in attention, 

response inhibition, verbal memory, decision speed, and information processing, even in 

persons whose depression remitted (Shilyansky et al., 2016).  

A meta-analysis by Rock et al., 2014 searched PubMed and Google Scholar between 

1980 to December 2012 and included 24 studies comparing currently depressed patients 

to healthy controls and six studies comparing remitted depressed patients to healthy 

controls. The authors reported moderate deficits in memory, executive function and 

attention (Cohen’s d effect sizes ranging from -0.34 to -0.65) in currently depressed vs. 

healthy controls; and memory deficits (Cohen’s d ranging from 22 to 0.54) in remitted 

depressed patients. However, the I2 for sixteen out of twenty four studies pool results 

range from 56 to 82 indicating substantial statistical heterogeneity between studies. 

Another meta-analysis by Lee et al., 2011 searched PubMed and PsychInfo databases 

from 1990 to February 2011 summarizing 13 studies. The authors reported that patients in 

their first episode of depression performed worse than healthy controls in attention (SMD: 
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0.36, 95% CI: 0.13-0.59; I2=0%), working memory (SMD: 0.16, 95% CI: -0.20 - 0.51; 

I2=61%), verbal learning and memory (SMD: 0.13, 95% CI: 0.18-0.45; I2=81%), visual 

learning and memory (SMD: 0.53, 95% CI: -0.05 – 1.11; I2=88%). Unfortunately, the 

heterogeneity of the pooled results for working memory, verbal and learning memory and 

visual and learning memory heterogeneity range from 61% to 88% which warns caution 

in interpreting the findings. In addition, a meta-analysis from Wagner et al., 2012 

included 15 studies investigating severity of executive dysfunctions in persons with MDD 

in comparison to healthy controls and 3 before and after antidepressant treatment studies. 

The authors found that healthy controls had better cognitive functioning than persons with 

MDD in semantic and phonemic memory 0.92 SD and 0.71 SD, I2=52%; Stroop 

interference test 1.18 SD, Trail Making Test B 1.109 SD. These previous meta-analyses 

did not  strictly adhere to PRISMA guideline, nor did they evaluate the the risk of bias 

and did not measure the strength of evidence. Interpretation of these findings of should be 

done with caution due to moderate to high levels of heterogeneity (> 50%). 

The primary cognitive deficits in BD are learning and memory, working memory, 

attention, inhibition, and cognitive control (I. E. Bauer et al., 2016).!Functional 

neuroimaging has traced the potential source of these deficits to changes in neural activity 

in prefrontal, cingulate, and limbic regions, which occur during response inhibition, 

cognitive control, and affective processing (J. Bauer et al., 2009). In persons who are 

genetically predisposed to BD, inflammatory mediators and oxidative stress dysregulate 

hormonal, metabolic, and circadian homeostasis to increase susceptibility to (and severity 
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of) the disease (Muneer, 2016). Compared to controls, persons with BD have shown 

poorer cognitive performance on the DigitSpan Backwards, DigitSpan Forwards, Trail 

Making Test, and Stroop test (Torrent et al., 2006). A meta-analysis of 45 studies and 18 

cognitive variables found that medication use contributed to psychomotor slowing in 

persons with BD (Bora, Yucel, & Pantelis, 2009).  

1.7. Mood Disorders and Post-traumatic Stress Disorder 

Persons with MD or post-traumatic stress disorder (PTSD) display impaired performance 

on the same fronto-temporally mediated cognitive functions, including executive 

functioning, verbal recollective memory, attention, and processing speed (Parlar, Frewen, 

Oremus, Lanius, & McKinnon, 2016b). A meta-analysis of 18 studies showed that 

persons with PTSD displayed poorer executive functioning than controls (Polak et al., 

2012). A different meta-analysis of 113 studies comparing persons with MDD to controls 

also found poorer executive functioning in the diseased group (Snyder, 2013). Indeed, 

many persons with MDD report a history of trauma. In a sample of 2,000 persons with 

anxiety or depression, 91.2% claimed to experience a traumatic or troublesome past event 

(Spinhoven et al., 2014). 

Brain alterations in the neural correlates of social cognition—empathy toward 

others—are evident in persons with MD and PTSD. Specifically, these alterations 

concentrate in the areas of higher-order cognitive and affective processing, e.g., 

dorsolateral prefrontal cortex, ventromedial prefrontal cortex anterior cingulate cortex, 

the amygdala, and the temporoparietal junction (Parlar, 2015). 
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Dissociation is another common feature of MD and PTSD (Parlar et al., 2016b). 

Dissociation is characterized by a lack of connectivity between a person’s thoughts, 

memory, and identity. In a recent study of 23 persons with MDD and a trauma history, 

dissociation was found to be a transdiagnostic risk factor for neuropsychological 

dysfunction. Derealization was associated with poorer verbal and visuospatial memory 

recognition, while depersonalization was associated with slower processing speed (Parlar 

et al., 2016b). 

Further work has shown connections between the insula, amygdala, and the 

pathophysiology of PTSD in non-dissociative and dissociative subtypes (PTSD+DS) 

during symptom provocation. Relative to controls, persons with the dissociative and non-

dissociative PTSD subtypes showed increased insula connectivity, either to basolateral 

amygdala clusters in both hemispheres (non-dissociative) or the left basolateral amygdala 

complex (dissociative). Persons with dissociative PTSD demonstrated increased insula 

subregion connectivity to the left basolateral amygdala compared to persons with non-

dissociative PTSD (Nicholson et al., 2016). 

In many studies of MD, the presence of trauma is not well studied. In  

Chapter 2, our analyses of the impact of PIMM/SAM on medication adherence included 

adjustment for the presence of PTSD. 

1.8. Systematic Review and Meta-analysis of the Effects of ECT on Cognition  

Due to continuing uncertainty over the impact of ECT on cognition in persons with TRD, 

a systematic review and meta-analysis was conducted on this topic. Chapter 4 reports the 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

26!

!

results of this review and meta-analysis. The last review in this area was published in 

2015 (Tor et al., 2015); however, this review and meta-analysis was narrowly focused on 

comparing two specific types of ECT, namely ultrabrief versus brief pulse ECT, and 

therefore did not cover the full spectrum of literature on cognitive performance post-ECT. 

In fact, this previous meta-analysis considered cognition only as a secondary outcome, 

whereas the meta-analysis reported in this thesis examined cognitive performance post-

ECT as the primary outcome. 

A large-scale meta-analysis investigating ECT and cognition was published in 2010 

(Semkovska & McLoughlin, 2010). This review reported that worsening cognitive 

performance was limited to three days post-ECT; however, the reviewers meta-analyzed 

studies by cognitive test within specific cognitive domains, thus overweighting studies 

that included multiple cognitive tests for the same domain. Additionally, the reviewers 

did not appear to consider inter-study differences in areas such as study samples or ECT 

modality when deciding which studies to include in the meta-analysis. 

The meta-analysis reported in Chapter 4 provides an updated literature search and 

meta-analysis that considers all of the relevant literature through August 2015. The 

review focuses on two widely-defined ECT modalities, namely bilateral and unilateral 

ECT to treat persons with TRD, and seeks to investigate differences in cognitive 

performance (by cognitive domain) between persons receiving these therapies at several 

time points: pre-ECT, 1-7 days post-ECT, 8-30 days post-ECT, 31-183 days post-ECT, 

and 184-365 days post-ECT. The meta-analysis avoids overweighting studies by 
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including studies only once in each possible analytical stratum (cognitive domain/time 

point). 

Unlike the two other meta-analyses discussed above (Semkovska & McLoughlin, 

2010; Tor et al., 2015), the meta-analysis in Chapter 4 assesses the risk of bias of all 

included studies and grades the strength of evidence for impaired cognitive performance 

by cognitive domain. Risk of bias and grading the strength of evidence are essential 

components of assessing the body of knowledge on a topic because conclusions about the 

evidence must be filtered by the degree to which the studies’ results are valid and 

convincing. The reporting of results is incomplete unless reviewers address the 

underlying validity of the included studies. 

The systematic review and meta-analysis protocol has already been published (C. 

Oremus et al., 2015), as has some preliminary methods work examining interrater and 

test-retest reliability in ECT reviews (M. Oremus, Oremus, Hall, & McKinnon, 2012) 

(see Chapter 3).  

1.9. Interrater and Test-retest Reliability in ECT Reviews 

One of the studies reported in Chapter 3 (M. Oremus et al., 2012) examined the inter-rater 

and test-retest reliability of risk of bias assessments conducted by inexperienced student 

raters. The raters received a training session on risk of bias assessment and independently 

rated this risk for 13–20 articles that were relevant to the topic of the systematic review 

and meta-analysis reported in Chapter 4. The findings suggested the need for raters to be 

trained in the assessment of risk of bias. Therefore, to prepare for the review reported in 
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this thesis, raters were trained in the use of risk of bias assessment tools and they received 

instruction on the nuances of study design to enable them to validly extract data from the 

included studies. 

1.10. Evidence-based Medicine 

The approach adopted here relies heavily upon the principals of evidence-based medicine 

(EBM).  Specifically, EBM, sometimes referred to as evidence-based practice, involves 

the use of the best available healthcare evidence to inform clinical practice and health 

policymaking (Sackett, Rosenberg, Gray, Haynes, & Richardson, 1996). From a clinical 

perspective, practitioners of EBM will use healthcare evidence in the form of systematic 

reviews and meta-analyses, randomized controlled trials, and observational studies to help 

determine the most appropriate means of treating individual patients. This evidence is not 

meant to be a substitute for the clinicians’ own experience and knowledge, nor is it 

intended to trump patients’ own values or thoughts regarding treatment. Systematic 

reviews often serve as the basis for developing clinical practice guidelines. For example, 

a large systematic review of dementia medications (Raina et al., 2008) provided the 

American College of Physicians and the American Academy of Family Physicians with 

the evidence to develop guidelines for the pharmacologic treatment of dementia (Qaseem 

et al., 2008). 

In the policy realm, many jurisdictions with publicly-funded healthcare systems have 

embraced EBM to help guide reimbursement decisions for drug and non-drug health 

technologies. The National Institute for Health and Care Excellence (NICE) in England 
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and Wales is a prime example of an organization whose mission includes the 

development of technology assessments to recommend whether the National Health 

Service (NHS) should start paying for (list) new health technologies or cease paying for 

(delist) existing technologies (National Institute for Health and Care Excellence (NICE), 

2016). In Canada, the Canadian Agency for Drugs and Technologies in Health (CADTH) 

(Canadian Agency for Drugs and Technologies in Health (CADTH), 2016) and its 

Common Drug Review (CDR) (Canadian Agency for Drugs and Technologies in Health 

(CADTH), 2014) produce similar assessments and recommendations. However, the NHS 

must list or delist health technologies based on NICE recommendations, while provincial 

governments in Canada may voluntarily decide whether to follow CADTH or CDR 

recommendations. 

EBM has not escaped criticism. Critics have wondered whether an emphasis on 

clinical evidence would diminish the value of basic science and physicians’ accumulated 

practical experience. Another concern has been the extent to which evidence from the 

atypical patients commonly recruited into medical studies applies to the patients regularly 

seen in the average physician’s practice. Health policy analysts sometimes point to EBM 

as a means of controlling healthcare costs, with the provision of good health care being a 

secondary aim (Greenhalgh, Howick, & Maskrey, 2014). 

Much of the tension in EBM surrounds the ‘communal’ aspect of the best available 

evidence versus the ‘individual’ aspects of the physician’s own expertise or the needs of 

specific patients requiring treatment (M. R. Tonelli, 2011). Attempts to reconcile the 
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communal and individual components of EBM are ongoing through dialogue and 

discussion, and the differences between the two camps are less exaggerated than often 

thought (Dickersin, Straus, & Bero, 2007; McCartney, Treadwell, Maskrey, & Lehman, 

2016; M. Tonelli & Guyatt, 2016). In 2007, the British Medical Journal rated EBM as one 

of the 15 greatest medical breakthroughs in the last century-and-a-half, along with the 

development of anesthesia, antibiotics, the Pill, and vaccines (British Medical Journal, 

2016). 

EBM replaced a regime where medical evidence played a relatively minor role in 

guiding healthcare practice and policy. However, other practice and policy guides, such 

as conventional wisdom, physicians’ experience, and good basic science, were not always 

enough to establish the efficacy of treatment. For example, over the last two decades, 

evidence from high-quality randomized controlled trials has overturned entrenched 

beliefs about the efficacy of encainide and flecainide to treat asymptomatic arrhythmias, 

and the lack of efficacy of beta-blockers to treat heart failure (M. Tonelli & Guyatt, 

2016). 

In psychiatry, EBM was initially regarded with skepticism. The subjective nature of 

most psychiatric symptomatology led to the belief that research evidence could not be 

easily applied to the average patient. Further, the lack of evidence in favour of many 

second- or third-generation psychiatric medications produced contradictory conclusions: 

policy makers argued for continued funding of first-generation medications only, while 

proponents of newer medications pointed out methodological flaws in research studies as 
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a rationale for giving second- and third-generation medications further consideration 

(Emsley & Hawkridge, 2009). Despite the initial skepticism, an emerging consensus has 

arisen in psychiatry to include the best available research evidence in the clinical 

decision-making mix. Gray and Pinson described EBM for psychiatric audiences over ten 

years ago (Gray & Pinson, 2003), a British-based journal called Evidence-based Mental 

Health (http://ebmh.bmj.com/) is in its nineteenth volume of publication, and new 

methodological advances aimed at research synthesis in psychiatry emerge regularly (e.g., 

see recent work on the use of Bayesian statistics to analyze antidepressant trials in anxiety 

disorders (Monden et al., 2016)). 

Systematic reviews are a form of literature search employed in EBM. Unlike basic 

literature searches, systematic reviews are rigorous and transparent literature searches 

guided by explicit research questions and formalized methodological procedures. 

Systematic reviews are undertaken to answer clinical research questions by searching for, 

obtaining, and summarizing all of the available evidence on the topics of interest. 

Additionally, systematic reviews rate the quality of the evidence to account for the fact 

that study quality affects the conclusions one can draw from the evidence. The Cochrane 

Collaboration (Higgins & Green, 2016) and the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & 

PRISMA Group, 2009) outline the specific methods for systematic reviews. Meta-

analyses are a type of systematic review that involves the statistical combination of 

results from individual studies to obtain a single summary estimate of effect across all 
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studies (Borenstein, Hedges, Higgins, & Rothstein, 2009). The work presented here 

incorporates each of these approaches, with the aim of informing clinical practice in the 

area of TRD. The results of the systematic review and meta-analysis may suggest to 

clinicians that certain types of ECT may entail more cognitive risks than other types. 

Therefore, clinicians can avoid the riskier types of ECT unless one of these types is 

specifically required to treat an individual patient. 

For PIMM/SAM, the results of the RCT could point to a program that might boost 

medication adherence in persons admitted to an inpatient mood disorders program. Health 

professionals and partners in care may wish to emulate PIMM/SAM in their institutions if 

the final results of the RCT are favourable to this program. 
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CHAPTER 2:  

PARTNERSHIP IN MEDICATION MANAGEMENT (PIMM): THE EFFECTS 

OF ONE-ON-ONE MEDICATION TRAINING ON MEDICATION ADHERENCE 

IN PATIENTS WITH MOOD DISORDERS: A PILOT STUDY 
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Foreword to Chapter 2 

This chapter describes a pilot randomized controlled trial that is part of a sequential 

explanatory mixed-methods study investigating the effect of a novel personalized one-on-

one medication training approach for persons with mood disorders. Failing to take 

medications as prescribed is a common risk factor for treatment failure in mood disorders. 

Antidepressants and lithium are common and effective treatments for mood disorders 

(MD). The efficacy of these medications, as reported in clinical trials, however, differs 

from clinical experience, a finding attributed in large part to non-adherence. From a 

scholarly perspective, little work has examined the efficacy of medication adherence 

programs in MDs, despite the fact that research in other disease areas suggests that 

medication training can improve adherence.  

The work in chapter 2 has been submitted in July 24, 2016 to the BioMed Central 

(BMC) Pilot and Feasibility Studies. Chapter 2 contains the final manuscript that has been 

submitted to the journal. 
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Abstract 

Background: Mood disorders (MD), including major depressive disorder, bipolar 

disorder, and dysthymia/persistent depressive disorder are among the most common 

mental health conditions in Canada. High levels of medication non-adherence affect 

negatively treatment efficacy.  We investigate the feasibility of conducting a sequential 

explanatory mixed-methods study, involving a 12-month randomized controlled trial 

(RCT) examining the effect of a partnership in medication management/self-administered 

medication (PIMM/SAM) program versus standard prescribing practice (SPP) on 

medication adherence in persons with MD. 

Methods: We recruited English-speaking persons, aged 18 years or older with a primary 

diagnosis of bipolar disorder I or II, major depressive disorder, or dysthymia from an 

inpatient mood disorders unit. We excluded persons with cognitive impairment, 

significant suicidal or homicidal risk, or brain injuries. Participants were randomized to 

the PIMM/SAM or SPP group and assessed at baseline. A second assessment occurred 

within two days of discharge. The primary outcome was medication adherence, assessed 

using the Medication Adherence Rating Scale (MARS) and the Beliefs about Medications 

Questionnaire (BMQ). Secondary outcomes, assessed using a battery of scales, included 

anxiety, depression, dissociation, self-efficacy, psychiatrist-patient relationship, and 

health-related quality-of-life. For each scale, we regressed change scores (pre-discharge – 
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baseline) onto participants’ group assignments to obtain mean change score differences 

(MCSD) between groups. 

Results: Seven participants randomized to PIMM/SAM and five participants randomized 

to SPP (out of eight initially randomized to each group) completed the baseline and pre-

discharge interviews. Between-group differences on the MARS were not statistically 

significant. However, relative to participants in the SPP group, participants in the 

PIMM/SAM group held fewer negative beliefs about medications (MCSD: -4.9; 95% 

confidence interval: -9.0 to -0.8) and had lower depersonalization (MCSD: -3.7; 95% 

confidence interval: -6.7 to -0.8) scores on a transdiagnostic measure.  

Conclusions: This study provides the first evidence demonstrating the feasibility of 

conducting an RCT to evaluate the impact of a medication education program on 

treatment adherence in persons with MD. The pilot work described in this paper 

generated lessons to carry forward to the RCT, including sample size targets, adaptations 

to staff workflow to enable program implementation, and staff input into training. 

Trial registration: ClinicalTrials.gov identifier: NCT02285608; Registration date: October 

28, 2014 

Keywords: Mood disorders, Medication adherence, Medication education program 
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Background 

Mood disorders (MD), including Major Depressive Disorder (MDD), bipolar disorder 

(BD), and dysthymia/persistent depressive disorder (American Psychiatric Association, 

2013) are among the most common mental health conditions in Canada. Health Canada 

reported a lifetime prevalence of MD of 12.6% (Health Canada, 2002). Persons with 

mood disorders experience changes in many areas, including alterations in behaviour, 

cognitive/body functions, thoughts, studies/education, and family and social interactions 

(American Psychiatric Association, 2013). Financially, MD is associated with lost 

workplace productivity, high healthcare costs, and significant loss of income affecting 

families and the economy. The cost of medication also affects family finances (Health 

Canada, 2002). According to the World Health Organization (WHO), depression—a 

major MD—is a leading cause of global disability. Approximately 350 million people 

suffer from depression worldwide (World Health Organization, 2008). For BD, the 

lifetime prevalence in11 countries ranges from 0.1% in Nigeria to 3.3% in the United 

States (Merikangas et al., 2007). 

In addition to their core affective components, mood disorders are associated with 

cognitive deficits that persist following the resolution of major depressive episodes in 

some patients, and show worsening with subsequent episodes of illness (MacQueen et al., 

2003). Critically, cognitive dysfunction impacts negatively on the outcome of 

pharmacological and non-pharmacological treatments for mood and related affective 
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disorders. This occurs primarily when the ability to engage in and successfully complete 

treatment relies heavily on cognitive processes (Dunkin et al., 2000; Polak et al., 2012) 

Despite the availability of numerous psychopharmacological treatments, evidence 

indicates that only 60 to 70% of persons who tolerate anti-depressants will respond to 

first-line drug therapy for MDD (Souery et al., 2006). Lithium is a common and effective 

treatment for BD. However, the efficacy of anti-depressants or lithium reported in clinical 

trials differs from clinical experience (Rosa et al., 2007). Various factors such as non-

adherence to treatment, poor tolerability to medications, and medical and psychiatric 

comorbidities have been related to treatment non-response or treatment failure in 

depression (Nemeroff et al., 2003).  

The WHO defines treatment adherence as “the extent to which a patient follows 

medical instructions” (World Health Organization, 2008). This definition also refers to 

various health-related behaviours that extend beyond taking medications, including 

seeking medical attention, filling prescriptions, proper medication intake, and attending 

follow-up appointments. The WHO also recognizes the importance of the quality of the 

relationship between patients and healthcare providers in treatment adherence (World 

Health Organization, 2008).  

Premature discontinuation of treatment for mood disorders is common. Lengthily 

treatments, patients’ beliefs about medications, a lack of knowledge about the purposes of 

medications/treatments, benefits, dosages, and adverse effects, as well as the relationship 

between patients and healthcare providers, all affect treatment continuation [3]. 
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Objectives 

Here, we investigate the effect of a novel one-on-one nurse-led medication training 

program called Partnership in Medication Management/Self-Administered Medication 

(PIMM/SAM) on medication adherence in persons with MD. We developed a sequential 

explanatory mixed methods study involving a 12-month randomized controlled trial 

(RCT) to quantitatively investigate the differences between PIMM/SAM versus standard 

prescribing practice (SPP) on medication adherence in persons with MD. Diagnostic 

status was confirmed using a semi-structured diagnostic interview that also established 

the presence of common co-morbidities (e.g., PTSD).  

We will conduct the qualitative portion of the study following the completion of the 

RCT. For the qualitative portion of the study, we will randomly recruit a purposeful 

sample of participants who scored seven or less on the Medication Adherence Rating 

Scale (MARS) during the clinical trial. The qualitative portion of this study will explore 

the reasons for low medication adherence and the factors that might explain the 

differences and similarities in medication adherence, beliefs and knowledge about 

medications, patient-psychiatrist or patient-therapist relationship, and satisfaction with 

quality of care. We will also investigate the participants' own personal experiences and 

views regarding inpatient and outpatient programs, services, and care, and any medication 

training or instruction they received during hospitalization or visits to the outpatient 

clinic. Lastly, we will examine if the medication training or instruction that participants 

received helped them to feel more confident or empowered to take more responsibility for 
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their medication, health and well-being after hospitalization. Additional qualitative 

questions will be generated based on the quantitative findings, current knowledge or 

research on mental health and medication adherence, and comments or observations from 

study participants.   

Furthermore, we will conduct a health economics assessment from the health system 

perspective. The health economics assessment will investigate the costs of first re-

hospitalization, length of re-hospitalisation, daily use and costs of direct medical 

resources between each study group.   

From the start of RCT, we monitored the recruitment and retention of participants, 

the study process, and the conduct of the study. This monitoring was important because 

potential decreases in cognitive abilities (e.g., decreased concentration, difficulty in 

making decisions, and decreased memory) among persons with MD could affect 

participation in the study. Further factors that could affect participation in this population 

include irritability, lack of energy, decreased drive to engage in activities, decreased 

enjoyment and interest in previous activities, the presence of persecutory delusions, and 

the presence of other negative symptoms such as a lack of eye contact and unemotional 

speech (Ahern, McKinnon, Bieling, McNeely, & Langstaff, 2016). In our experience, we 

have found that some inpatients may also misunderstand the benefits and harms of 

participating in research. For example, inpatients may agree to participate in studies 

because they believe doing so will provide them with a better standard of care. Others 

may believe a refusal to participate could adversely affect their treatment or create 
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antagonism with hospital staff. A clear explanation of the informed consent process 

typically clarifies these issues, but may lead to reversals in the decision to participate.   

We developed a study protocol, case report forms and training materials for study 

participants and clinical staff (e.g., guidelines, checklists, instruments and advertisement), 

and we trained the clinical staff from the MD inpatient unit to assist with identification, 

training, and monitoring of participants. In addition, we created a computer-generated 

randomization sequence and recruited participants into the study. The primary outcome is 

medication adherence and the secondary outcomes include anxiety, depression, negative 

and positive beliefs about medication use, dissociation, self-efficacy, participant-

psychiatrist relationship, and health-related quality-of-life (HRQoL). To the best of our 

knowledge, no other study has examined the impact of this type of personalized and 

interactive daily one-on-one medication education program on medication adherence in 

persons with MD. At the same time, we are investigating the personal, financial, 

psychological and social reasons behind poor adherence.  

We felt a pilot study was necessary given the challenges inherent in recruiting and 

following a group of persons with MD. Some challenges include potentially high levels of 

distractibility, illness-related decreases in motivation and/or energy, or itinerancy at 

follow-up. Recruitment and retention may also be affected by changes in cognitive 

functioning, which persons in our study population can experience. Some of the lessons 

learned during this pilot study enabled us to modify the original protocol and promote 

both recruitment and retention of participants in our study.  
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We have registered the RCT protocol at ClinicalTrials.gov (identifier: NCT02285608) 

and we report the pilot results in line with the CONSORT guidelines for reporting RCTs 

(Additional file 1) (Moher et al., 2010). 

Methods 

Study Setting and Participants 

We recruited participants aged 18 years or older from the inpatient unit of the Mood 

Disorders Program at St. Joseph’s Healthcare Hamilton (Hamilton, Ontario, Canada). The 

inpatient unit houses 24 beds and provides clinical care and treatment for persons with 

MD. The unit also prepares inpatients to return to the community. The inpatient program 

employs treatments such as pharmacotherapy, stress management, individual and group 

psychological therapy (i.e., cognitive behaviour therapy), recreational, physical, 

occupational and arts therapy, and provides supports around activities of daily living. 

Eligible participants had a primary diagnosis of BP I or II, major depressive disorder, or 

dysthymia/ persistent depressive disorder (American Psychiatric Association, 2013). We 

used the Mini International Neuropsychiatric Interview (MINI) to confirm diagnosis 

(Lecrubier et al., 1997; Sheehan et al., 1998). Participants also had to speak, read and 

understand English. We excluded persons with significant suicidal or homicidal risk, any 

medical condition known to affect the brain, or acquired brain injury. The attending 

psychiatrists reviewed the Montreal Cognitive Assessment (MOCA) (Nasreddine et al., 

2005) scores and made the final determination of eligibility for each participant. 

Recruitment and Study Implementation 
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Recruitment for this parallel group, 1:1 allocation began in January 2015. Recruitment is 

ongoing and we are reporting our experiences with the study after having enrolled 16 

participants by the end of May 2015. Our early experience with recruitment and follow up 

required the submission of three ethics amendments and the re-thinking of some study 

processes. These endeavours convinced us to assess the operationally of the study 

processes, analyse the existing data, and based on our results to continue to move forward 

with further recruitment. 

Attending physicians assigned to the inpatient unit identified potential participants 

based on the inclusion/exclusion criteria. Trained staff met with potential participants to 

conduct the screening MOCA. CO administered written informed consent to eligible 

participants. Once consent was obtained, CO booked an appointment to meet with the 

study participant the next day to conduct the baseline interview. CO also contacted an 

independent hospital administrative assistant to determine group allocation. Only the 

independent hospital administrative assistant had access to the computer-generated 

randomization list. The next day, CO met with the study participant to administer the 

baseline interview and disclose the group allocation. She trained the nurses and provided 

them with guidance to ensure the implementation of the proper program for each 

participant. Once attending psychiatrists determined a participant would be discharged, 

nursing staff informed CO, who would administer the pre-discharge (follow-up) interview 

within two days of discharge. 
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A co-investigator (MO) independently developed the 1:1 randomization sequence 

using SAS v9.4 (The SAS Institute, Cary, NC). The list was emailed directly to the 

independent hospital administrator assistant and it was not shown to the hospital-based 

investigators (CO< SS< MCM). The administrative assistant kept the sequence in a 

locked cabinet to preserve allocation concealment. Due to the nature of the interventions, 

the study was un-blinded following participants’ allocation to the study groups. 

Programs 

Intervention (PIMM/SAM) 

PIMM/SAM involves individual, one-on-one sessions between participants and nurses. 

At the first education session, nurses and CO met with participants and asked how they 

administered medications at home (e.g., blister pack). At the same session, the nurses 

gave participants information about the appearance, dosage, purposes, benefits, common 

adverse effects, and administration schedules for each medication. CO sat in on each 

nurse’s first education sessions to observe, provide guidance, and ensure proper program 

delivery. During the first education session, CO and participants discussed the goals and 

steps of the program, strategies to improve medication adherence and established 

reminders to take medications as prescribed, both in the hospital and at home. Participants 

were also provided with a choice of notebooks, pens, highlighters, post-its, alarm clocks, 

checklists, and referrals to other sources (i.e., online apps) to record information about 

medications and trigger reminders to take medications. CO also encouraged participants 

to write down and study all relevant information about their medications. Following the 
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education session, participants were responsible for notifying the nurses within an hour of 

the time when they had to take their medications. After the notification, the participants 

met with their nurses and were shown all of the medications that they were required to 

take at that time. Participants then identified each of their medications and described the 

benefits, purposes, dosage, common adverse effects of each medication, and the 

importance of continuing to take the medications and following their treatment plans. 

A primary aim of the PIMM procedure was to mimic, as much as possible, in the 

inpatient setting the conditions under which participants would take their medications at 

home.  Accordingly, participants were asked to select those reminders most consistent 

with the procedure they would follow at home to remind themselves to take their 

medication (i.e., use of an alarm clock). Participants and CO worked together to devise 

new strategies and reminders that would encourage medication adherence once 

participants returned home from hospital.  

Comparator 

SPP is the same standard of care that the typical patient receives in the inpatient unit. In 

this group, nurses are in charge of administering medications. Participants in the SPP 

group did not receive personalized, one-on-one medication training program or any other 

standardized strategy to improve medication adherence.  

Diagnostic assessment 

The Mini International Neuropsychiatric Interview (MINI) is a short structured interview 

designed to help researchers make any one of 17 current psychiatric diagnoses including 
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mood disorders, a range of anxiety disorders, substance dependence or abuse, eating 

disorders, a range of psychotic disorders and antisocial personality disorder. (Lecrubier et 

al., 1997). For each disorder, ‘no’ answers to one or two screening questions with 

dichotomous ‘yes/no’ response options rule out the presence of the disorder in question. 

Diagnosis of MD and comorbidities, including PTSD, were confirmed with the MINI. 

Severity of depressive and anxiety symptoms was assessed using the BDI and BAI, 

respectively. Transdiagnostic dissociative symptoms were measured using the MDI.  

Study questionnaire 

Primary outcome 

The Medication Adherence Rating Scale (MARS) (Thompson, Kulkarni, & Sergejew, 

2000) is a self-report 10-item scale that assesses adherence to the daily prescribed 

medication intake. Answers to each question are dichotomized (yes=1, no=0). Scores 

above 7 are considered good adherence.  

The Beliefs about Medicines Questionnaire (BMQ) (Robert Horne, Weinman, & 

Hankins, 1999) investigates participants’ beliefs about their current medications and 

general attitudes to medications; the scale will be used to quantitatively assess 

participants’ perceptions about medications and their reasons for adherence or non-

adherence to medications. BMQ has been validated as a good predictor of medication 

adherence (Rob Horne et al., 2013; Robert Horne et al., 1999). 
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Secondary outcomes 

The Beck Anxiety Inventory (BAI) (Beck, Epstein, Brown, & Steer, 1988) is a self-report 

21-item scale that measures the severity of anxiety symptoms. Each question measures 

the intensity of the symptom on a 0 (not present) to 4 (too intense) scale. Beck Depression 

Inventory-II (BDI-II) (Beck, Steer, Ball, & Ranieri, 1996) is a self-report 21-item scale 

that measures the severity of depressive symptoms. Each question measures the intensity 

of the symptom on a 0 (not present) to 4 (intense) scale. 

The transdiagnostic Multiscale Dissociation Inventory (MDI) (Briere, 2002) is a 30-item 

self-report test that assesses dissociative symptomatology. The MDI measures five 

domains of dissociative behaviour: Disengagement (DENG), Depersonalization  (DEPR), 

Derealization (DERL), Emotional Constriction (ECON), Memory Disturbance (MEMD), 

and Identity Dissociation (IDDIS). The MDI yields six scores, one for each subscale, and 

one score for total dissociative symptomology. 

The General Self-Efficacy Scale (GSE) (Schwarzer & Jerusalem, 1995) is a 10-item 

self-report scale that assesses individual’s perceived self-efficacy. The GSE aims to 

predict the individual’s coping and adaptation after experiencing stressful life events. 

The patient version of the Revised Helping Alliance Questionnaire for Treatment with 

Psychiatrists (HAQ-PC) (Luborsky et al., 1996) is a 19-item self-report questionnaire that 

assesses different aspects of the psychiatrist-patient relationship such as patients’ 

motivation for treatment and perception of the psychiatrist. Each answer ranges from 1 

(strongly disagree) to 6 (strongly agree). 
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Short Form-36 Health Survey (SF-36), physical and mental health subscales (Ware & 

Sherbourne, 1992), will measure participants’ physical and mental HRQoL. The SF-36 is 

a self-report questionnaire that measures the individuals’ own perceptions of their health 

status and functioning. The physical health subscale consists of 4 dimensions (physical 

functioning, role-physical, bodily pain and general health) that measure the burden of 

disease on day-to-day activities. The mental health subscale is a 14-item self-report 

survey that measures the burden of disease and the benefits of treatment. The mental 

health subscale consists of 4 dimensions (vitality, social functioning, role-emotional, and 

mental health) and is graded on a 5-point scale ranging from 0 (none of the time) to 4 (all 

of the time). 

The Repeatable Battery for the Assessment of Neuropsychological Functioning (RBANS) 

includes index measures of Immediate Memory, Visuospatial/Construction, Language, 

Attention and Delayed Memory (Randolph, 1998). The RBANS is a reliable measure of 

neuropsychological functioning in dementia (Mohr, Walker, Randolph, Sampson, & 

Mendis, 1996) and schizophrenia (Gold, Queern, Iannone, & Buchanan, 1999). 

Statistical analysis 

We used the Shapiro-Wilk test to assess whether the scores on each of the study 

questionnaires came from a normally distributed population. Rejecting the null hypothesis 

at α = 0.05 was evidence that the scores were not from a normally distributed population. 

In the case of non-normal scores, we reported medians and 25th/75th percentiles; when 

scores were normal, we reported means and standard deviations. 
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We reported our results according to the group to which participants were 

randomized. We did not experience any unintended cross-overs. To account for 

participants’ baseline status on each study questionnaire, we computed a change score by 

subtracting the questionnaire score at baseline from the questionnaire score at pre-

discharge. For each questionnaire or subscale thereof, we employed linear regression and 

regressed participants’ change scores onto their group assignment to obtain a mean 

difference in change score between the PIMM/SAM and SPP groups. Due to our small 

sample size, the p-values for the mean difference in change score were calculated using 

ANOVA and linear regression in the case of normally distributed data. If the data were 

not normally distributed, then we performed a Kruskal-Wallis test and used the resultant 

p-value. Also, we independently analyzed whether the presence of comorbidities (Y/N), 

anxiety disorders (Y/N), or post-traumatic stress disorder (Y/N) or number of 

comorbidities (mean PIMM/SAM: 3.0; SPP; 1.7) has an effect on medication adherence, 

beliefs about medication, and dissociation. We used R v3.2.4 (R Foundation for Statistical 

Computing, Vienna, Austria) to conduct all statistical analyses. 

Ethics  

We obtained ethics approval from the Hamilton Integrated Research Ethics Board (#14-

733). All participants provided written informed consent prior to recruitment and 

randomization. 

Results 
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We randomized 16 participants and achieved a balanced number of eight per group. The 

mean age was 39.1 years (17.1) in the PIMM/SAM group and 54.8 years (13.7) in the 

SPP group. The difference in age between the two groups was not significant (p > 0.05).  

Four participants in the PIMM/SAM group and four participants in the SPP group were 

female. Three PIMM/SAM participants had at least some college education and two had 

high school or less education; three SPP participants had college education and two had 

high school or less education (education data were unavailable for the remainder of the 

sample). Median MOCA scores were 25.0 (n = 5) in the PIMM/SAM group and 24.5 (n = 

4) in the SPP group (MOCA data were unavailable for the remainder of the sample). Data 

on number of previous depressive episodes were not available for all participants; 

however, four participants in the PIMM/SAM group reported two or more lifetime 

episodes and four participants in the SPP group reported two or more lifetime episodes. In 

the PIMM/SAM group, six participants were diagnosed with BD and two were diagnosed 

with MDD. In the SPP group, three participants were diagnosed with MDD, four were 

diagnosed with BD and the diagnosis was unavailable for one of the drop-outs. All of the 

participants were going through a major depressive episode. The median length of time 

between the baseline and pre-discharge assessments was 34 days for the PIMM/SAM 

group and 63 days for the SPP group.  This difference was not significant (p > 0.05), 

likely due to sample size.  

Participants’ baseline sample characteristics are shown in Table 1. There were no 

statistically significant differences between groups in any of the tests performed at 
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baseline. Proper randomization helps to ensure that between group differences are 

eliminated at baseline. Although the means appear to be different the differences are not 

statistically significant because of the sample size.  Seven PIMM/SAM and five SPP 

participants provided pre-discharge data on the nine outcome measurement instruments 

employed in the study. Figure 1 shows the flow of participants through the study. One 

participant in the SPP group withdrew due to a self-reported lack of energy, another was 

no longer suitable to continue in the study due to cognitive deterioration, and a third was 

discharged before the inpatient unit could notify CO to make arrangements to administer 

the pre-discharge interview. One participant in the PIMM/SAM group was also 

discharged before the inpatient unit informed CO.   

Critically, SPP participants held stronger negative beliefs about medications than 

PIMM/SAM participants, with the mean General BMQ (G-BMQ) change score being 4.9 

points higher in the SPP group (95% CI: 0.8 to 9.0; p = 0.041). The effect of negative 

beliefs in SPP participants was exacerbated after we added PTSD to our linear models. 

The mean G-BMQ change score with PTSD included increased to 5.8 in the SPP group 

versus PIMM/SAM group (95% CI: 1.3 to 10.2; p = 0.03).  

Similarly, including PTSD in a model with the Specific Concern BMQ (SC-BMQ) 

subscale led to a mean change score that was 4.0 points higher in the SPP group (95% CI: 

0.57-7.43; p=0.04). Prior to the addition of PTSD, the mean SC-BMQ change score was 

not statistically significant (2.3; 95% CI: -1.7 to 6.2; p=0.29). 
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Given the presence of dissociative symptoms in depression (Parlar, Frewen, Oremus, 

Lanius, & McKinnon, 2016) and in bipolar disorder ((Hariri et al., 2015) and their 

association with a longer illness duration and reduced treatment efficacy (Nuller, 1982), 

dissociation was assessed transdiagnostically and change measured. Over the course of 

follow-up, participants in the PIMM/SAM group demonstrated lower depersonalization 

on the MDI – depersonalization (DEPR) subscale (assessing the extent to which someone 

experiences the symptoms of depersonalization, i.e., disengagement from self and 

surroundings) than did their counterparts in the SPP group (Table 2). The mean change 

score on the MDI-DEPR subscale was 3.7 points lower in PIMM/SAM versus SPP 

participants (95% confidence interval [CI]: -6.7 to -0.8; p = 0.033). We investigated the 

effect of PTSD on the mean MDI-DEPR change score. We found that persons in the 

PIMM/SAM group had a score of 4.40 points lower than those in the SPP group with 

PTSD included (95% CI: -7.5 to -1.2; p=0.021). 

Many of the confidence intervals were bounded very close to the null values, which 

suggests we may obtain statistically significant results after recruiting more participants. 

In addition, the p-values associated with these confidence intervals were less than 0.10 

(Table 2). The comparisons involving-bounded confidence intervals suggested poorer 

outcomes for the SPP group versus the PIMM/SAM group: higher anxiety (BAI mean 

difference in change score: 12.7 [95% CI; 0.8 to 24.5; p =0.074); poorer positive 

relationships with psychiatrists (HAQ mean difference in positive relationship subscale 

change score: -13.8 [95% CI: -28.6 to 1.0; p = 0.097); stronger negative relationships with 
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psychiatrists (HAQ mean difference in negative relationship subscale change score: 6.8 

[95% CI: -0.01 to 13.6; p = 0.079); more reported negative side effects and attitudes 

toward psychiatric medication (MARS factor 3): 1.3 (95% CI: -0.05 to -2.5; p=0.06); and 

lower health-related quality-of-life in the domain of general health (mean difference in 

SF-36 general health subscale change score: -22.5 [95% CI: -44.4 to 0.06; p = 0.076]). 

Number of comorbidities, the presence of anxiety disorder (Y/N) or comorbidities (Y/N), 

were not found to have an effect on medication adherence. 

Discussion 

The findings of the between-group comparison are certainly encouraging from an efficacy 

standpoint. The PIMM/SAM program may confer benefits compared to SPP on certain 

secondary outcomes, including fewer negative beliefs about medications (MCSD: -4.9; 

95% confidence interval: -9.0 to -0.8) and a reduction in symptoms of depersonalization 

(MCSD: -3.7; 95% confidence interval: -6.7 to -0.8). There were no statistically 

significant differences between groups at baseline. Although the means appear to be 

different the differences are not statistically significant because of the sample 

size. Furthermore, proper randomization helps to ensure that between group differences 

are eliminated at baseline. Given the small sample size, the absence of findings on other 

outcomes cannot be taken as evidence for or against the intervention. It is, however, 

encouraging that many of the confidence intervals were bounded very close to the null 

values on a range of critical measures, including those assessing general health, quality of 

relationship with treating psychiatrist, and levels of anxiety. 
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The main purpose of the pilot study was to explore whether the challenges inherent in 

recruiting and following a group of persons with MD would affect further the conduct of 

our study. Our findings show that recruitment and retention will definitely be issues as the 

RCT progresses. Three out of twenty five persons initially approached to participate in 

the pilot study could not be enrolled. Further, two participants dropped out after 

randomization. Two participants were discharged before making arrangements for the 

pre-discharge interview.  To obtain a suitable minimum sample size for the analysis of 

final results in the later RCT, we will need to randomize 35% more participants over and 

above the minimum sample size requirement. Further, we will have to increase our 

recruitment goal by 20% to ensure enough participants are randomized in the first place. 

A preliminary sample size calculation for the primary outcome of medication adherence 

suggests we would need 128 participants (64 per group) to detect a medium effect size 

(Cohen’s d = 0.5) on the MARS. This calculation is based on a two-tailed t-test with 80% 

power and a 5% level of significance. To obtain 128 participants in the final analysis at 

pre-discharge, we would be required to randomize approximately 174 participants. To 

enable randomization of this number of people, we would have to recruit approximately 

209 individuals. The catchment area of the Mood Disorders Program includes a 

population of 750,000 people. Given a lifetime MD prevalence of 12.6%, the territory 

should yield enough participants to fulfill our recruitment and randomization targets 

within a two-year period. 
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One issue we noticed during the feasibility study was reluctance among some nursing 

staff to participate in the trial. The nursing staff felt the study added to their daily 

workload. As well, the nursing staff expressed concerns about the learning curve required 

to implement the study protocol.  For the future progress of the RCT to be successful, 

staff workflow will have to be modified to more seamlessly integrate the additional 

requirements of PIMM/SAM into nurses’ daily routines. The Mood Disorders Program 

manager (SS) is aware of this issue and protocols will be developed to facilitate such 

integration. 

Training is another issue that will require further thought. CO developed extensive 

training materials and held several training sessions with nursing staff to explain the 

background and objectives of the study, the intervention and comparator programs, and 

the nurses’ study-related duties (e.g., deliver PIMM/SAM, notify one of the study leads of 

impeding participant discharges). Despite management’s strong support of the study, 

training sessions were not always well attended by on-duty staff and some nurses were 

unavailable to attend any of the sessions due to shift schedules, workload, or legitimate 

work absences. CO was required to spend large amounts of time, often fluctuating 

between 8AM and 11PM, in the inpatient unit to ensure the nursing staff was following 

the protocol. For the continuation of the RCT, nurses’ input into the scheduling of the 

training sessions will be required to promote successful implementation of the study. To 

accommodate nurse availability, CO occasionally led training sessions with individual 

nurses.  
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The PIMM/SAM program utilized in the present study contains components of other 

programs that have been designed to improve medication adherence in BD. A recent 

systematic review of 26 studies of interventions to improve antidepressant medication 

adherence found that the most successful interventions were multifactorial in nature. 

These successful interventions employed strategies involving mental health professionals, 

education, telephone monitoring of participants’ progress, ongoing support of 

participants, participants’ inclusion in the process of taking medications, and feedback of 

participant progress to partners in care. Education alone, without monitoring and 

feedback, was unsuccessful in boosting adherence. The authors of the review concluded 

that better adherence to antidepressant drug therapy would require behavioural 

modification through structured programs that reach beyond didactic education sessions 

or the provision of reading materials (Chong et al., 2011). Our preliminary findings 

suggest the PIMM/SAM program can have some benefits with respect to promoting 

medication adherence in persons admitted to inpatient units for MD. Continuance of the 

RCT, plus the qualitative investigation and the health economics evaluation, will provide 

further data to assess the efficacy of PIMM/SAM. 

The benefits of programs such as PIMM/SAM may in part accrue from the greater 

amount of therapeutic contact relative to standard practice settings. Although we found 

more positive beliefs about medications and a decrease in depersonalization scores in the 

PIMM/SAM group, we do not believe these results can be explained by therapeutic 

contact alone. Indeed, our results did not show differences in anxiety, relationships with 
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psychiatrists, side effects and attitudes toward psychiatric medications, and lower health- 

related quality-of-life in the domain of general health. The differences for the beliefs 

about medication scale and depersonalization scale were expected given the domains 

targeted by PIMM/SAM (i.e., reducing negative views about medications and humanizing 

participants' inpatient experiences). Still, future studies should control for the level of 

clinical staff contact between groups.  

Conclusions 

This study provides the first evidence showing the feasibility of conducting an RCT 

within a larger program of research to evaluate the impact of a medication education 

program on treatment adherence in persons with MD. Interestingly, PTSD status 

impacted the preliminary findings, pointing towards the importance of assessing this 

frequently co-morbid condition. The results of the RCT will have important implications 

for medication prescribing practices not only in psychiatry, but also in other areas of 

medicine. The feasibility work described in this paper provides us with suggestions 

regarding sample size targets, staff workflow, and training. These lessons will be carried 

forward to the larger planned sequential explanatory mixed methods study. Most 

importantly, staff input into workflow and training will be essential to the smooth conduct 

of the RCT. 
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Tables & Figures 

Table 1 Baseline sample characteristics 

Characteristic Group Mean (SD) or Median 

(25th/75th percentiles)a 

BAI PIMM/SAM 28.0(2.5) 

 SPP 28.2(14.7) 

BDI PIMM/SAM 16.7(9.6) 

 SPP 32.0(20.5) 

BMQ - General PIMM/SAM 18.7(5.9) 

 SPP 19.0(4.3) 

BMQ  - Specific Necessity PIMM/SAM 21.5(20 - 21.2) 

 SPP 25(21.2 – 25) 

BMQ – Specific Concern PIMM/SAM 14.7(5.2) 

 SPP 18.1(1.4) 

MDI - DENG PIMM/SAM 13.8(5.1) 

 SPP 13.2(2.5) 

MDI - DEPR PIMM/SAM 10.0(5.4) 

 SPP 7.0(0.7) 

MDI - DERL PIMM/SAM 9.7(4.2) 

 SPP 9.4(3.2) 
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MDI - ECON PIMM/SAM 12.7(5.6) 

 SPP 11.4(7.7) 

MDI – IDDIS PIMM/SAM 5 (5/5) 

 SPP 5 (5/5) 

MDI - MEMD PIMM/SAM 10.6/(3.6) 

 SPP 12.0(5.0) 

MDI – Total Score PIMM/SAM 61.6(19.1) 

 SPP 58.0(14.7) 

MARS – Factor 1 PIMM/SAM 2.3(1.40) 

 SPP 2.0(1.7) 

MARS – Factor 2  PIMM/SAM 2.5(2.0 – 3.0) 

 SPP 2.0(2.0 – 3.0) 

MARS – Factor 3 PIMM/SAM 0.9(0.6) 

 SPP 1.3(0.7) 

MARS Total Score PIMM/SAM 5.6(1.5) 

 SPP 5.6(1.8) 

GSE PIMM/SAM 26.1(2.7) 

 SPP 21(7.9) 

HAQ-PC - Pos PIMM/SAM 60.3(10.6) 

 SPP 49.5(33.0) 

HAQ-PC - Neg PIMM/SAM 11.3(4.0) 
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 SPP 5.9(5.6) 

SF-36 – GH PIMM/SAM 31.7(13.1) 

 SPP 49.0(27.0) 

SF-36 – MH PIMM/SAM 26.9(10.8) 

 SPP 23.0(13.2) 

RBANSb - Attention PIMM/SAM 91.5(16.3) 

 SPP 86.9(12.9) 

RBANS - Delayed Memory PIMM/SAM 98.8(12.1) 

 SPP 71.3(17.0) 

RBANS - Immediate Memory PIMM/SAM 100.1(14.5) 

 SPP 85.1(17.3) 

RBANS - Language PIMM/SAM 105.3(11.1) 

 SPP 96.7(6.1) 

RBANS - Total Score PIMM/SAM 97.8(12.9) 

 SPP 80.3(9.7) 

BAI: Beck Anxiety Inventory; BDI: Beck Depression Inventory; BMQ: Beliefs in 

Medications Questionnaire; DENG: disenganement; DEPR: depersonalization; DERL: 

derealization; ECON: emotional constriction; GSE: General Self-efficacy; HAQ: Helping 

Alliance Questionnaire; IDDIS: identity dissociation; MARS: Medication Adherence 

Rating Scale; MDI: Multi-scale Dissociation Inventory; MEMD: memory distburbance; 

NA: not applicable; Neg: negative relationship with therapist; PIMM/SAM: partnership in 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

64!

!

medication management/self-administered medication; Pos: positive relationship with 

therapist; RBANS: Repeatable Battery for the Assessment of Neuropsychological 

Functioning; SD: standard deviation; SF-36 – GH: Short-Form 36 General Health 

Subscale; SF-36 – MH: Short-Form 36 Mental Health; SPP: standard prescribing practice. 

aMean (SD) if normally distributed; median (25th/75th percentile) if non-normally 

distributed. 

bAdministered at baseline only. 
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Table 2 Between-group differences in mean change scores 

Instrument Difference 

(95% CI) 

BAI 12.7 

(0.8 to 24.5) 

BDI 2.8 

(-7.9 to 13.4) 

BMQ – General 4.9 

(0.8 to 9.0) 

MDI – DENG -1.3 

(-5.6 to 2.9) 

MDI – DEPR 3.7 

(0.8 to 6.7) 

MDI – DERL 1.8 

(-0.9 to 4.4) 

MDI – ECON 0.7 

(-5.4 to 6.8) 

MDI – MEMD -1.1 

(-7.2 to 4.9) 

MDI – IDDIS -0.6 
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(-1.6 to 0.4) 

MDI – Total Score 3.2 

(-15.8 to 22.1) 

MARS – Factor 1 -0.3 

(-1.9 to 1.4) 

MARS – Factor 2 0.0 

(0.0 to 0.0) 

MARS – Factor 3 -1.1 

(-0.07 to 2,2) 

GSE -1.8 

(-7.3 to 3.7) 

HAQ – Positive Relationship with Therapist -13.8 

(-28.6 to 1.0) 

HAQ – Negative Relationship with Therapist 6.8 

(-0.01 to 13.6) 

SF-36 – GH -22.5 

(-44.4 to 0.06) 

SF-36 – MH -2.4  

(-20.6 to 15.8) 

Note. For each instrument, mean change scores were calculated by: (1) subtracting every 

participant’s baseline score from her/his pre-discharge score to obtain a change score; (2) 
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obtaining a mean change score for each study group; and (3) subtracting the mean change 

score of the SPP group from the mean change score of the PIMM/SAM group. 

 

BAI: Beck Anxiety Inventory; BDI: Beck Depression Inventory; BMQ: Beliefs in 

Medications Questionnaire; CI: confidence interval; DENG: disenganement; DEPR: 

depersonalization; DERL: derealization; ECON: emotional constriction; GSE: General 

Self-efficacy; HAQ: Helping Alliance Questionnaire; IDDIS: identity dissociation; 

MARS: Medication Adherence Rating Scale; MDI: Multi-scale Dissociation Inventory; 

MEMD: memory distburbance; PIMM/SAM: partnership in medication 

management/self-administered medication; RBANS: Repeatable Battery for the 

Assessment of Neuropsychological Functioning; SD: standard deviation; SF-36 – GH: 

Short-Form 36 General Health Subscale; SF-36 – MH: Short-Form 36 Mental Health; 

SPP: standard prescribing practice. 
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Figure 1: Study Recruitment Flowchart 
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Additional file: CONSORT Checklist 
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Foreword to Chapter 3 

3.1. Reliability Paper 

Systematic reviews are a form of literature search employed in EBM. Unlike basic 

literature searches, systematic reviews are rigorous and transparent literature searches 

guided by explicit research questions and formalized methodological procedures. 

Systematic reviews are undertaken to answer clinical research questions by searching for, 

obtaining, and summarizing all of the available evidence on the topics of interest. 

Additionally, systematic reviews rate the quality of the evidence to account for the fact 

that study quality affects the conclusions one can draw from the evidence. The Cochrane 

Collaboration (J. P. Higgins & Green, 2016) and the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009a) 

outline the specific methods for systematic reviews. Meta-analyses are a type of 

systematic review that involves the statistical combination of results from individual 

studies to obtain single summary estimate of effect across all studies (Borenstein et al., 

2009). 

Systematic reviews inform clinical practice and health policy by providing physicians 

and policy makers with summaries of the current state of knowledge in a particular 

treatment area. An important component of the practice and policy component of 

systematic reviews is the GRADE process (GRADE Working Group, 2004). GRADE 

stands for Grading of Recommendations Assessment, Development and Evaluation and is 

a formalized means of assessing whether current levels of evidence represent true effects, 
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or whether new evidence in the future will change the conclusions outlined in a 

systematic review. 

The usefulness of systematic reviews in healthcare decision-making has led to an 

explosion of work to refine the methods of this type of study. Indeed, checklists now exist 

to rate the methodological quality of systematic reviews (Shea et al., 2007). Researchers 

who conduct systematic reviews also undertake methodological work of their own. For 

example, a major component of systematic reviews is the inclusion of relevant primary 

research articles. Both the Cochrane and PRISMA guidelines (J. P. Higgins & Green, 

2016; Moher et al., 2009a) recommend at least two raters screen the relevance of each 

citation retrieved in a literature search to ensure relevance. The guidelines also 

recommend the two-rater system for quality assessment. Methods research suggests rater 

training (Hartling et al., 2013) is important to ensure the validity of screening and quality 

assessment. 

We undertook a systematic review and meta-analysis of the literature to investigate 

the effect of electroconvulsive therapy (ECT) on cognitive functioning in depression. In 

preparation for this review, we examined the scope of the literature and anticipated 

including a large number of studies. To manage the volume, we invited a pool of student 

raters to assess study quality. Given the importance of rater training to ensure the validity 

of systematic review results, we examined the inter-rater and test–retest reliability of 

student raters with no previous experience assessing study quality (M. Oremus et al., 
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2012). This examination helped us identify rater strengths and weaknesses, which 

informed our approach to developing standardized training for our pool of raters. 

3.2. Protocol 

ECT involves the transmission of electric current through the brain to trigger a brief 

seizure, change brain chemistry, and reduce symptoms of depression. Since the initial 

years of ECT treatment, researchers have studied ways to improve the seizure induction 

and reduce adverse effects. Today, many different ECT modalities exist, including pulse 

shape (shift from sine wave to rectangular, pulse width [brief to ultrabrief] and electrode 

placement (bilateral [BL], unilateral [UL]). Also, ECT is delivered under general 

anaesthesia and patients are provided with muscle relaxants to prevent bone fractures 

(Dougherty & Rauch, 2007). 

ECT has evoked diametrically opposed reactions from different quarters of the 

clinical community, with some clinicians concerned about potential adverse effects, while 

others believe it is efficacious and safe (The UK ECT Review Group, 2003). In current 

clinical practice, ECT prompts a generalized seizure via the delivery of an electrical 

current to the brain, with leads positioned to the scalp and skull unilaterally or bilaterally. 

The traditional placements of the leads were bitemporal (or bifrontotemporal or simply 

bilateral) and right unilateral; more recently, clinicians have been using bifrontal 

placement. The positioning of the leads affects treatment efficacy and the possibility of 

experiencing cognitive adverse effects (Kellner, Tobias, & Wiegand, 2010). Common 

adverse effects from ECT include headache, muscle ache, and nausea. Some ECT 
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recipients experience acute confusion for 30 to 60 minutes post-ECT, largely due to the 

combined effects of the ECT itself and the anaesthesia (Department of Psychiatry, 

Available at: http://www.psych.med.umich.edu/ect/common-side-effects.asp. Accessed 

on July19).  

Meta-analyses have reported benefits for ECT in the treatment of TRD. A pivotal 

meta-analysis from the United Kingdom found that real ECT was more effective than 

simulated ECT (six trials, 256 patients) or drug therapy, with bilateral ECT being more 

effective than unipolar ECT (22 trials, 1408 participants) (The UK ECT Review Group, 

2003). In another meta-analysis, brief right unilateral ECT was statistically significantly 

more efficacious for depression than ultrabrief right unilateral ECT (standardized mean 

difference: 0.25; 95% CI: 0.08 to 0.41), although ultrabrief had a lower remission rate 

than brief (odds ratio: 0.71; 95% CI: 0.51 to 0.99) (Tor et al., 2015). 

Meta-analyses have also found that persons who undergo ECT may experience 

cognitive deficits as adverse effects of ECT. The evidence of cognitive deficits from these 

meta-analyses is limited, though, because the number of cognitive domains examined was 

small (i.e., four domains only [retrograde memory, anterograde memory—learning, 

anterograde memory—delayed recall, global cognitive function]) (Tor et al., 2015), or 

studies with substantial clinical heterogeneity were combined under single cognitive 

domains (Semkovska & McLoughlin, 2010). Alternative explanations suggest that some 

reports of memory loss following ECT may be manifestations of somatoform disorders 

(Fink, 2007). 
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In one of these meta-analyses (Tor et al., 2015), the authors set-out to examine the 

comparative efficacy of brief pulse versus ultrabrief pulse right unilateral ECT. Cognitive 

function was a secondary outcome of the review and the authors grouped the 

neuropsychological instruments used in the included studies into the four domains 

mentioned in the previous paragraph. The initial literature search yielded 644 references 

after removal of duplicates and seven studies (5 RCTs, 2 observational) were included in 

the review. The summary standard mean differences (SMDs) for cognitive function all 

favoured ultrabrief pulse ECT: retrograde memory (SMD: 0.38; 95% CI: 0.15 to 0.61 [5 

studies]); anterograde memory—learning (SMD: 0.45; 95% CI: 0.22 to 0.68 [2 studies]); 

anterograde memory—delayed recall (SMD: 0.56; 95% CI: 0.40 to 0.73 [3 studies]); 

global cognitive function (SMD: 0.36; 95% CI: 0.09 to 0.63 [2 studies]). The clustering of 

these findings in the domain of memory is consistent with the preponderance of 

individual studies that have revealed changes in memory following ECT.  Here, a total of 

7 studies reveal worse memory performance following the administration of brief versus 

ultrabrief ECT.  Our own review (see below) highlights the 14 studies that revealed worse 

memory performance following bilateral versus unilateral ECT.  Finally, 3 pre- and post-

ECT studies reveal worse memory performance following administration of ECT. 

In the other meta-analysis (Semkovska & McLoughlin, 2010), the authors’ primary 

research question was to examine the evidence for cognitive impairment following ECT. 

The authors identified 1,525 articles after removing duplicates and included 84 studies in 

the review. The articles contained 22 standardized neuropsychological tests spread over 
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eight cognitive domains (global cognitive status, processing speed, attention/working 

memory, verbal episodic memory, visual episodic memory, spatial problem solving, 

executive functioning, intellectual ability). The authors created 24 strata based on the type 

of test and grouped the studies into one or more of these strata. The strata were further 

sub-divided into three time periods based on the interval between the final ECT session 

and the last administration of a cognitive test (0 – 3 days, 4 – 15 days, > 15 days). 

Statistically significant decreases in cognitive performance were observed in the 0 – 3 day 

period in 72% of the variables, with effect sizes (Cohen’s d) ranging from -1.10 (95% CI: 

-1.53 to -0.67) to -0.21 (95% CI: -0.40 to 0.01). In the 4 to 15 period, only one result 

suggested the presence of cognitive impairment (verbal paired associates delayed recall: 

Cohen’s d: -0.36; 95% CI: -0.62 to -0.10 [4 studies]). Beyond 15 days, no results 

indicated the presence of cognitive impairment. 

Cognitive deficits are manifested in persons with MDD. Cognition-related symptoms 

like loss of concentration, or difficulty in decision making are hallmarks of MDD. 

Neuropsychological tests have shown people with MDD, compared to non-depressed 

controls, perform more poorly on the Trail Making Test, the Symbol Digit Modalities 

Test, and the Stroop test (Hasselbalch et al., 2012). Research has shown a relation 

between memory deficits and early depressive symptoms. Deficits in verbal memory have 

been associated with the development of depressive symptoms (Iorfino et al., 2016). 

Additionally, researchers have reported a relation between a decline in executive function 

and more persistent depressive symptoms (Iorfino et al., 2016). Dysfunctional prefrontal-



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

85!

!

subcortical circuitry and associated challenges in emotion control are believed to explain 

cognitive deficits in persons with MDD (Murrough et al., 2011).  

A meta-analysis by Rock et al., 2014 searched PubMed and Google Scholar between 

1980 to December 2012 and included 24 studies comparing currently depressed patients 

to healthy controls and six studies comparing remitted depressed patients to healthy 

controls. The authors reported moderate deficits in memory, executive function and 

attention (Cohen’s d effect sizes ranging from -0.34 to -0.65) in currently depressed vs. 

healthy controls; and memory deficits (Cohen’s d ranging from 22 to 0.54) in remitted 

depressed patients. However, the I2 for sixteen out of twenty four studies pool results 

range from 56 to 82 indicating substantial statistical heterogeneity between studies.  

Another meta-analysis by Lee et al., 2011 searched PubMed and PsychInfo databases 

from 1990 to February 2011 summarizing 13 studies. The authors reported that patients in 

their first episode of depression performed worse than healthy controls in attention (SMD: 

0.36, 95% CI: 0.13-0.59; I2=0%), working memory (SMD: 0.16, 95% CI: -0.20 - 0.51; 

I2=61%), verbal learning and memory (SMD: 0.13, 95% CI: 0.18-0.45; I2=81%), visual 

learning and memory (SMD: 0.53, 95% CI: -0.05 – 1.11; I2=88%). Unfortunately, the 

heterogeneity of the pooled results for working memory, verbal and learning memory and 

visual and learning memory heterogeneity range from 61% to 88% which warns caution 

in interpreting the findings.  

In addition, a meta-analysis from Wagner et al., 2012 included 15 studies 

investigating severity of executive dysfunctions in persons with MDD in comparison to 
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healthy controls and 3 before and after antidepressant treatment studies. The authors 

found that healthy controls had better cognitive functioning than persons with MDD in 

semantic and phonemic memory 0.92 SD and 0.71 SD, I2=52%; Stroop interference test 

1.18 SD, Trail Making Test B 1.109 SD. These previous meta-analyses did not strictly 

adhere to PRISMA guidelines, nor did they evaluate the the risk of bias and did not 

measure the strength of evidence. Interpretation of these findings of should be done with 

caution due to moderate to high levels of heterogeneity (> 50%). 

We registered the protocol for our systematic review and meta-analysis in the 

PROSPERO database of systematic reviews (Booth et al., 2012) (Protocol #: 

CRD42014009100). We also published the protocol in BMJ Open (C. Oremus et al., 

2015). The purpose of registering and publishing the protocol was to permit a peer review 

of the methods and to identify any duplication of effort among research teams around the 

world. Methodologists encourage registering and publishing systematic review protocols 

to reduce selective reporting of outcomes (i.e., only reporting the subset of outcomes with 

positive results) and publication bias (i.e., failing to publish an entire review because the 

results suggest no differences between the exposures and outcomes) (Straus & Moher, 

2010). 

The manuscripts presented in this chapter have been cited 39 times (Google Scholar). 

The Reliability paper was cited in a new epidemiology textbook for Canadian students 

(Patton, 2015). 
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Foreword to Chapter 4 

This chapter contains the results of the systematic review and meta-analysis of ECT’s 

effect on cognition. The protocol for the systematic review and meta-analysis has been 

published in a peer-reviewed journal, and it is reproduced in chapter 3 above: "Effects of 

electroconvulsive therapy on cognitive functioning in patients with 

depression: protocol for a systematic review and meta-analysis" (BMJ Open 2015 

11;5:e006966). 

The meta-analysis found evidence to suggest poorer cognitive performance in 

persons who received bilateral versus unilateral ECT, especially in the 8- to 30-day period 

post-ECT. However, most of the results were not statistically significant and the strength 

of evidence was weak. Despite decades of research into ECT and potential cognitive 

adverse effects, a large amount of work remains to be done to provide a firmer scientific 

understanding of the intensity and length of cognitive sequelae post-ECT. 

The work described in chapter 4 will be submitted to The Lancet in 2016. For The 

Lancet submission, elements of the published protocol in chapter 3 above will be added to 

the manuscript to provide introduction and methods sections. 
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4. Overview 

The literature search retrieved 2,640 citations, of which 213 (8%) were duplicates (Figure 

4.1). A further 2,039 citations (77%) were excluded at title and abstract screening, 

thereby leaving 388 citations (15%) for full-text screening. At full-text screening, 

examination of the published study reports led to the exclusion of 174 articles (45%). A 

total of 214 articles were included in the review. Twenty-seven articles and one book 

were included in the systematic review of unilateral versus bilateral ECT. These 

publications reported data on 19 RCTs (Brakemeier, Berman, Prudic, Zwillenberg, & 

Sackeim, 2011; Daniel, Weiner, & Crovitz, 1983a; D’Elia, 1970; Devanand, Fitzsimons, 

Prudic, & Sackeim, 1995; Fleminger, de Horne, & Nott, 1970; Horne, Pettinati, 

Sugerman, & Varga, 1985; C. H. Kellner et al., 2010; Levy, 1968; McCall, Dunn, 

Rosenquist, & Hughes, 2002; Ranjkesh, Barekatain, & Akuchakian, 2005; Rosenberg & 

Pettinati, 1984; Sienaert, Vansteelandt, Demyttenaere, & Peuskens, 2009, 2010; Sobin et 

al., 1995; Stoppe, Louza, Rosa, Gil, & Rigonatti, 2006; Stromgren & Juul-Jensen, 1975; 

Taylor & Abrams, 1985a; Tew et al., 2002), eight cohort studies (Ashton & Hess, 1976; 

Cannicott & Waggoner, 1967; Loo, Sainsbury, Sheehan, & Lyndon, 2008; O’Connor et 

al., 2008; Schat et al., 2007a; Squire & Chace, 1975; Squire & Slater, 1983; Strain et al., 

1968), and one case-control study (Weeks, Freeman, & Kendell, 1980). The book 

(D’Elia, 1970) reported data on two different RCTs (identified using a single citation in 

the text). We included 18 studies (Ashton & Hess, 1976; Cannicott & Waggoner, 1967; 

Daniel et al., 1983a; D’Elia, 1970; Fleminger et al., 1970; Horne et al., 1985; C. H. 
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Kellner et al., 2010; Levy, 1968; McCall et al., 2002; Ranjkesh et al., 2005; Rosenberg & 

Pettinati, 1984; Sienaert et al., 2009; Stoppe et al., 2006; Strain et al., 1968; Stromgren & 

Juul-Jensen, 1975; Taylor & Abrams, 1985a; Tew et al., 2002; Weeks et al., 1980) in the 

meta-analysis (see Section 4.1 below and the forest plots in Additional file 1). The meta-

analysis encompassed 10 different cognitive domains (see Section 4.1 below). Studies 

were excluded from the meta-analysis if they did not report on unilateral versus bilateral 

ECT or if they did not contain data in a format that could be entered into the meta-

analysis software. Otherwise, the eligibility criteria for including studies in the review did 

not change from what was reported in the protocol in Chapter 2. 

In actuality, several meta-analyses were performed in this thesis. The meta-analyses 

were stratified by cognitive domain and by time period, i.e., pre-ECT, 1-7 days post-ECT, 

8-30 days post-ECT, 31-183 days post-ECT, and more than 183 days post ECT. Since the 

purpose of the research was to combine multiple studies and obtain summary overall 

effects, meta-analyses could only be performed when at least two studies provided data 

for a particular stratum, limiting significantly our ability to analyze results at 31-183 days 

ECT and more than 183 days post ECT, where no analyses were possible. 

Due to the wide variety of therapeutic variants of ECT (i.e., pulse shape, pulse width, 

electrode placement, dosage), this research grouped all treatment modalities according to 

the placement of the electrodes into either ‘bilateral’ or ‘unilateral’ ECT. These groupings 

made intuitive sense because all forms of ECT are fundamentally bilateral or unilateral. 

Indeed, bilateral and unilateral ECT are the two classic and still most common types of 
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ECT. Had the ECT variants not been grouped accordingly, the number of strata would 

have increased beyond cognitive domain and time period to include treatment modality. 

With a relatively small number of included studies already in the meta-analyses, 

increasing the number of strata would have potentially excluded some studies with 

treatment variants not seen in other papers or obfuscated the clarity of the take-home 

messages that were otherwise more clearly compartmentalized in a straightforward 

manner by cognitive domain and time period. 

Figure 2.  PRISMA Flow Chart 
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4.1. Results – Meta-analysis: Summary Odds Ratios and 95% Confidence Intervals 

At least two studies provided data for the following strata: autobiographical memory 8-30 

days; attention 8-30 days; global cognitive status pre-ECT, 8-30 days, and 31-183 days; 

non-verbal memory – delayed recall pre-ECT and 8-30 days; verbal memory – delayed 

recall pre-ECT; verbal memory – delayed recall 8-30 days; verbal memory – immediate 

and delayed recall pre-ECT; subjective memory pre-ECT and 8-30 days post-ECT; 

executive function pre-ECT and 8-30 days; and motor pre-ECT. Specific findings are 

described in Sections 4.1.1 – 4.1.10 below. 

4.1.1. Autobiographical Memory 

At 8-30 days, the results from three studies (Daniel et al., 1983a; C. H. Kellner et al., 

2010; Strain et al., 1968) showed poorer cognitive performance that was statistically 

significant in the bilateral compared to unilateral ECT group (OR: 1.9; 95% CI: 1.1 to 3.5 

[p > 0.05]). 

4.1.2. Attention 

At 8-30 days, the results from the analysis of two independent groups within the same 

study (Horne et al., 1985) showed poorer cognitive performance in the bilateral compared 

to unilateral ECT group (OR: 1.6 95% CI: 0.7 to 4.0 [p > 0.05]). 

4.1.3. Global Cognitive Status 

Prior to ECT, five studies (Horne et al., 1985; Ranjkesh et al., 2005; Sienaert et al., 2010; 

Taylor & Abrams, 1985a; Tew et al., 2002) showed baseline cognitive performance that 
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was statistically significantly worse in persons who would be assigned subsequently to 

bilateral as compared to unilateral ECT (OR: 1.6; 95% CI: 1.0 to 2.8 [p > 0.05]).  At 8-30 

days, the results from six studies (Horne et al., 1985; C. H. Kellner et al., 2010; Ranjkesh 

et al., 2005; Sienaert et al., 2009; Taylor & Abrams, 1985a; Tew et al., 2002) revealed 

worse cognitive performance in the bilateral ECT group (OR: 2.0; 95% CI: 0.6 to 2.3 [p > 

0.05]), while four studies (C. H. Kellner et al., 2010; Ranjkesh et al., 2005; Sienaert et al., 

2009, 2010) showed the(Horne et al., 1985; Levy, 1968) same results at 31-183 days (OR: 

1.4; 95% CI: 1.0 to 3.9 [p < 0.05]). 

4.1.4. Non-verbal Memory – Delayed Recall 

Two studies from the same book (D’Elia, 1970) indicated poorer cognitive performance 

in persons assigned subsequently to the bilateral as compared to unilateral ECT study 

groups (OR: 1.5; 95% CI: 0.8 to 3.1 [p > 0.05]). At 8-30 days, the results from four 

studies (Ashton & Hess, 1976; C. H. Kellner et al., 2010; McCall et al., 2002; Weeks et 

al., 1980) showed poorer cognitive performance in the bilateral as compared to unilateral 

ECT group (OR: 2.6; 95% CI: 1.0-6.7 [p > 0.05]). 

4.1.5. Verbal Memory – Delayed Recall 

Prior to ECT, three studies, including two of the studies published in the book (D’Elia, 

1970; McCall et al., 2002) reported worse cognitive performance in persons who were 

about to receive bilateral versus unilateral ECT (OR: 1.4; 95% CI: 0.8 to 2.5 [p > 0.05]).  
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4.1.6. Verbal Memory – Immediate Recall 

At 8-30 days post-ECT, the results from two studies (Horne et al., 1985; Weeks et al., 

1980) showed  worse cognitive performance that was statistically significant in the 

bilateral as compared to unilateral ECT group (OR: 5.7; 95% CI: 1.5 to 21.6 [p > 0.05]). 

4.1.7. Verbal Memory – Immediate and Delayed Recall 

Two studies (Horne et al., 1985; Levy, 1968) reported worse cognitive performance in 

persons who would be assigned subsequently to bilateral ECT (OR: 2.9; 95% CI: 0.9 to 

9.8 [p > 0.05]). At 8-30 days post-ECT, five studies (Cannicott & Waggoner, 1967; 

Fleminger et al., 1970; Horne et al., 1985; C. H. Kellner et al., 2010; Levy, 1968) found 

worse cognitive impairment in persons that was statistically significant who received 

bilateral as compared to unilateral ECT (OR: 5.7; 95% CI: 1.5 to 21.6 [p > 0.05]). 

4.1.8. Subjective Memory 

As with verbal memory – immediate and delayed recall, worse cognitive performance 

was found in the bilateral as compared to unilateral ECT group  prior to ECT (OR: 1.4; 

95% CI: 0.6 to 3.7 [p > 0.05]) (Cannicott & Waggoner, 1967; Levy, 1968) and at 8-30 

days post-ECT (OR: 4.1; 95% CI: 1.2 to 13.7 [p < 0.05]) (Levy, 1968; Rosenberg & 

Pettinati, 1984; Stromgren & Juul-Jensen, 1975). 

4.1.9. Executive Function 

Assignment to the bilateral as compared to unilateral ECT group was associated with 

worse cognitive performance pre-ECT (1.3 (95% CI: 0.5 to 3.7 [p > 0.05]) (Horne et al., 
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1985) and at 8-30 days post-ECT (OR: 1.3; 95% CI: 0.8 to 2.4 [p > 0.05]) (Horne et al., 

1985; C. H. Kellner et al., 2010). 

4.1.10. Motor 

Persons assigned to the bilateral ECT group showed worse pre-ECT motor functioning 

than did persons assigned to unilateral ECT (OR: 2.5; 95% CI: 0.9 to 7.0 [p > 0.05]) . 

4.2. Risk of Bias 

The risk of bias for the RCTs, measured using the Jadad scale (Jadad et al., 1996) and the 

Cochrane risk of bias tool, (Higgins et al., 2011) was medium (Table 4.1). Only two 

studies had a low risk of bias (Charles H. Kellner, Tobias, & Wiegand, 2010; Sobin et al., 

1995), nine had an unclear risk of bias (Brakemeier et al., 2011; D’Elia, 1970; Horne et 

al., 1985; Levy, 1968; McCall et al., 2002; Ranjkesh et al., 2005; Stoppe et al., 2006; 

Stromgren & Juul-Jensen, 1975), and eight had a high risk of bias (Daniel et al., 1983a; 

Devanand et al., 1995; Fleminger et al., 1970; Rosenberg & Pettinati, 1984; Sienaert et 

al., 2009, 2010; Taylor & Abrams, 1985a; Tew et al., 2002). The principal problems with 

many of the studies were inadequate or unclear appropriateness of randomization or 

double-blinding (where blinding was present), inadequate or unclear allocation 

concealment, unclear use of intent-to-treat analysis, no justification of sample size, and no 

reporting of outliers. 

Turning to the cohort studies, three had a low risk of bias (Loo et al., 2008; 

O’Connor et al., 2008; Schat et al., 2007a) and five had an unclear risk of bias (Ashton & 

Hess, 1976; Cannicott & Waggoner, 1967; Squire & Chace, 1975; Squire & Slater, 1983; 
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Strain et al., 1968) on the Newcastle-Ottawa Scale (Lo, Mertz, & Loeb, 2014) (Table 

4.2). The primary issues with the cohort studies were uncertainty over the 

representativeness of the cohort, uncertainty over the comparability of study groups, and 

no description of outcome assessment. 

The lone case-control study (Weeks et al., 1980) performed well on the Newcastle-

Ottawa Scale. The only major issue was a lack of description of control selection. 

4.3. Grading the Strength of Evidence 

The strength of evidence (Table 4.3) was remarkably consistent across the studies that 

were meta-analyzed.  In all cases, inconsistency and indirectness were not issues because 

the odds ratios were consistently above 1.0, indicating worse cognitive outcomes for 

bilateral versus unilateral ECT. Additionally, all of the results were obtained through 

direct comparison between the two types of ECT. Unilateral and bilateral ECT were not 

indirectly compared to one another through some third mechanism. Imprecision was an 

issue because most 95% confidence intervals were quite large, mainly due to the small 

samples sizes in most included studies. Imprecision generates wide confidence intervals 

and large p-values, which renders interpretation of results more difficult because one 

cannot clearly determine where the true effect lies (e.g., how far from the null value does 

an odds ratio lie). When the studies contributing evidence to each domain were taken 

together, many had unclear or high risk of bias, which counterbalanced the low risk of 

bias in other studies. Thus, the risk of bias was rated as serious or very serious for eight of 

10 cognitive domains. 
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Due to the serious nature of the imprecision and risk of bias, the overall quality of 

evidence was very low for four domains (global cognitive status, autobiographical 

memory, subjective memory, verbal memory – immediate delayed recall), low for four 

domains (attention, non-verbal memory – delayed recall, verbal memory – delayed recall, 

motor), and moderate for two domains (executive function, verbal memory – immediate 

recall) (Table 4.3). 

4.5. Discussion 

Overall, we meta-analyzed 18 studies across 10 different cognitive domains. The two 

major time points in the extracted studies were pre-ECT and 8 to 30 days post ECT. In the 

pre-ECT groups, the point estimated odds ratios were primarily within a range of 1.3 to 

1.6, with two point estimates at 2.5 (motor) and 2.9 (verbal memory-immediate and 

delayed recall). In the 8- to 30-day timeframe post-ECT, the point estimated odds ratios 

ranged from 1.3 to 10.5, with five odds ratios exceeding 2.0 (double the odds of worse 

cognitive performance in bilateral versus unilateral ECT in the domains of global 

cognition, non-verbal delayed recall, verbal memory immediate and delayed recall, 

subjective memory, and verbal memory immediate recall). A recent review (Semkovska 

& McLoughlin, 2010)  suggested the cognitive impact of ECT does not last beyond three 

days. Here, we found worse cognitive performance for bilateral versus unilateral ECT at 

8-30 days post-ECT, suggesting that this treatment modality is associated with worse 

cognitive outcomes for the following domains in the month following ECT treatment: 

autobiographical memory, attention, global cognitive status, non-verbal memory – 
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delayed recall, verbal memory – delayed recall, subjective memory, and executive 

function. Notably, persons assigned to bilateral ECT showed worse cognitive 

performance pre-ECT in the following domains: global cognitive status, non-verbal 

memory – delayed recall, verbal memory – delayed recall, verbal memory – immediate 

and delayed recall, subjective memory, executive function, and motor. These pre-ECT 

results suggest that patients entering into bilateral ECT treatment may be more vulnerable 

to cognitive impairment prior to treatment entry than those undergoing unilateral ECT. 

Our findings must be taken within the context of the data from the meta-analyzed 

studies. Only four summary odds ratios were statistically significant at the 5% level, and 

all of them pertained to 8- to 30-day periods in the domains of subjective memory (OR: 

4.1; 95% CI: 1.2 to 13.7), verbal memory immediate and delayed recall (OR: 5.7; 95% 

CI: 1.5 to 21.6), verbal memory immediate recall (OR: 10.5; 95% CI: 2.0 to 53.0), and 

executive function (OR: 1.9; 95% CI: 1.1 to 3.5). None of the other summary odds ratios 

attained statistical significance. The lack of significance was likely due to small sample 

sizes in many of the studies. When combined with the predominantly ‘low’ ratings from 

the GRADE analysis, the lack of statistical significance indicates that further evidence 

could well change the findings of this meta-analysis. 

We note that our findings differ from the findings of an earlier meta-analysis 

examining cognitive performance in ultrabrief versus brief pulse ECT (Tor et al., 2015). 

In this earlier study, the summary standard mean differences (SMDs) for cognitive 

function all unequivocally favoured ultra-brief pulse ECT: retrograde memory (SMD: 
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0.38; 95% CI: 0.15 to 0.61 [5 studies]); anterograde memory—learning (SMD: 0.45; 95% 

CI: 0.22 to 0.68 [2 studies]); anterograde memory—delayed recall (SMD: 0.56; 95% CI: 

0.40 to 0.73 [3 studies]); global cognitive function (SMD: 0.36; 95% CI: 0.09 to 0.63 [2 

studies]). The difference in findings can be explained by the different thrust of this earlier 

meta-analysis (Tor et al., 2015), which was conducted to specifically examine two 

variants of ECT, while the meta-analysis in this thesis examined a broader spectrum of 

ECT modalities. Still, both meta-analyses found cognitive performance to be poorer in 

persons who received more intense variants of ECT. 

The meta-analysis reporting cognitive adverse effects to last only within three days 

post-ECT combined studies according to cognitive test (Semkovska & McLoughlin, 

2010). In the ≤ 3-day period post-ECT, the authors reported statistically significant 

decreases on 72% of the cognitive tests. Given that many studies in this area include 

multiple tests to measure the same cognitive domain, study-specific features such as 

selection or information bias can impact all of the measures of cognition, thus leading to 

an over-inflation of effects in a meta-analysis. For example, a study that recruits more 

severely depressed persons who might be indicated to receive a more intense form of 

ECT could produce results showing a high incidence of reduced cognitive performance 

post-ECT. However, this finding would be partially the result of the type of participants 

selected for inclusion in the study. If such a study employed several measures of the same 

cognitive domain, whereas another study employed just one measure in that same domain 

while also recruiting a more balanced sample in terms of TRD severity, then the results of 
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the first study could have a larger effect on the overall conclusions of a meta-analysis if 

the analysis was combining studies by measure. The suspicion is this type of occurrence 

was present in the other meta-analysis (Semkovska & McLoughlin, 2010). Indeed, 

methods recommendations suggest meta-analysts should avoid vote-counting to draw 

conclusions about summary treatment effects (Higgins et al., 2011). This is because vote 

counting ignores substantive differences between studies and often reduces a conclusion 

about effects to whether study results meet the p < 0.05 threshold. From this discussion, 

the 72% figure cited in the meta-analysis should be interpreted with caution. 

In the meta-analysis reported in this thesis, the problem of weighting studies by 

numbers of tests was avoided by meta-analyzing by domain. When a single study 

reported more than one test per domain, decisions had to be made on how to approach the 

issue to avoid double-counting the same participant results in the meta-analysis. Without 

methods guidance in the literature, the decision was made to choose a test was based on 

sample size to increase the power of the meta-analysis (i.e., taking the test for whom the 

authors report results for the most participants). When sample sizes across tests were the 

same, the next option was to select tests that were similar to the tests employed by the 

other studies in the same domain (to enhance comparability). 

The findings of this and other meta-analyses, despite different objectives and 

methods, suggest that more intense types of ECT appear to be associated with greater 

odds of worsening cognitive performance. However, the evidence to date does not 

provide a clear picture of the extent to which the poorer performance persists over time, 
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nor does it suggest which cognitive domains may be more susceptible to injury following 

ECT. Clearly, further research is needed to elucidate these relationships and provide 

clinicians with guidance regarding the type of ECT to select as a treatment for persons 

with TRD. The clinician’s treatment choice is guided by a risk-benefit analysis: what type 

of ECT will best suit my patients and will the benefits of the treatment outweigh the risks 

of potentially worsening cognitive performance? The current state of the evidence does 

not help the clinician grapple with this question. Further research using clearly defended 

ECT protocols and a small set of generally accepted cognitive tests should be launched to 

investigate the question in more detail. The psychiatric community should come to 

consensus on a standard battery of cognitive tests to enhance the applicability and 

comparability of results to strengthen the body of evidence. Moreover, to reduce bias in 

the conduct of research studies and to enhance the clarity of presenting results, 

researchers should follow recommended guidelines for reporting results, e.g., CONSORT 

for RCTs (Moher et al., 2010), STROBE for observational studies (Elm et al., 2007), and 

PRISMA for systematic reviews and meta-analyses (Moher, Liberati, Tetzlaff, Altman, & 

PRISMA Group, 2009). Abrams describes how the impact of potentially important ECT-

cognition research can be dampened by methodological flaws and poor reporting 

(Abrams, 2007). 

Notably, previous meta-analyses have revealed small to moderate effect sizes for 

cognitive deficits in depression in the absence of ECT treatment.  A meta-analysis by 

Rock et al., 2014 searched PubMed and Google Scholar between 1980 to December 2012 
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and included 24 studies comparing currently depressed patients to healthy controls and 

six studies comparing remitted depressed patients to healthy controls. The authors 

reported moderate deficits in memory, executive function and attention (Cohen’s d effect 

sizes ranging from -0.34 to -0.65) in currently depressed vs. healthy controls; and 

memory deficits (Cohen’s d ranging from 22 to 0.54) in remitted depressed patients. 

However, the I2 for sixteen out of twenty four studies pool results range from 56 to 82 

indicating substantial statistical heterogeneity between studies.  

Another meta-analysis by Lee et al., 2011 searched PubMed and PsychInfo databases 

from 1990 to February 2011 summarizing 13 studies. The authors reported that patients in 

their first episode of depression performed worse than healthy controls in attention (SMD: 

0.36, 95% CI: 0.13-0.59; I2=0%), working memory (SMD: 0.16, 95% CI: -0.20 - 0.51; 

I2=61%), verbal learning and memory (SMD: 0.13, 95% CI: 0.18-0.45; I2=81%), visual 

learning and memory (SMD: 0.53, 95% CI: -0.05 – 1.11; I2=88%). Unfortunately, the 

heterogeneity of the pooled results for working memory, verbal and learning memory and 

visual and learning memory heterogeneity range from 61% to 88% which warns caution 

in interpreting the findings.  

In addition, a meta-analysis from Wagner et al., 2012 included 15 studies 

investigating severity of executive dysfunctions in persons with MDD in comparison to 

healthy controls and 3 before and after antidepressant treatment studies. The authors 

found that healthy controls had better cognitive functioning than persons with MDD in 

semantic and phonemic memory 0.92 SD and 0.71 SD, I2=52%; Stroop interference test 
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1.18 SD, Trail Making Test B 1.109 SD. These previous meta-analyses did not strictly 

adhere to PRISMA guidelines, nor did they evaluate the risk of bias and did not measure 

the strength of evidence. Interpretation of these findings of should be done with caution 

due to moderate to high levels of heterogeneity (> 50%). Taken together, however, these 

meta-analyses suggest that depression alone is associated with changes in cognitive 

functioning.  The extent to which these alterations may be exacerbated by ECT remains to 

be elucidated.  

The current meta-analysis has many strengths, including adherence to current 

methods guidance (Moher et al., 2009) and the use of risk of bias and strength of evidence 

assessments to help interpret the findings. The major limitation is the small number of 

studies that could be meta-analyzed, although this is more of a function of the vast 

amount of clinical heterogeneity seen in the included studies. Studies varied in terms of 

participants (e.g., age, co-morbidities), treatment modalities, cognitive measures, and 

frequency and timing of follow-ups (Table 4.4). 

A major challenge was selecting studies that were ‘similar enough’ to include in the 

meta-analysis. The thesis author pooled studies whose design and operational 

characteristics were as homogeneous as possible. Failing to account for clinical 

heterogeneity when making a priori decisions about which studies to include in a meta 

analysis can produce statistical heterogeneity, which exaggerates the variability of 

summary treatment effects (Gagnier, Moher, Boon, Beyene, & Bombardier, 2012). The 

author also had to group studies under two broad categories of treatment to prevent the 
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unwieldy growth of multiple strata, which would have made summary interpretations of 

results difficult. Some of the reasons for variability in the included studies are the use of 

different neuropsychological tests to measure a multiplicity of cognitive domains, 

multiple time points following ECT (including immediately post-ECT), substantial 

clinical heterogeneity in the study samples, problems with the data (i.e., many data were 

not normally distributed), and differences in how data were reported (i.e., different 

measures of association). 

The non-meta-analyzed studies generally pointed to the same conclusions as the 

subset of studies that were included in the meta-analysis. Within-group comparisons were 

not undertaken in the meta-analysis because many studies, in particular those published 

prior to 2000, did not report baseline sample characteristics in great depth. Also, many 

studies were not designed to investigate cognitive performance as a primary outcome and 

some of these studies looked at cognition as an adverse effect and measured it only at 

follow-up. For these same reasons, further stratifying the analyses by baseline cognitive 

status was not possible.  

In conclusion, while our meta-analysis found evidence to suggest poorer cognitive 

performance in persons who receive bilateral versus unilateral ECT, most of our results 

were not statistically significant and the strength of evidence was weak. More research is 

required to obtain a deeper understanding of the association between ECT and cognition. 

Perhaps most striking, given decades of research on this topic, is the large amount of 
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remaining work to be done to provide a firmer scientific basis to guide clinical decision-

making 
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Figure 3. Autobiographical M
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ory – 8 to 30 days post-EC
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Q
=1.92, df=2, p=0.386, I 2=0 
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Q
-value=0, df=1, p=0.997, I 2=0 
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Q
-value=2.061, df=2, p=0.357, I 2=2.95 
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-value=1.647, df=5, p=0.896, I 2=0 
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Q
-value=13.131, df=6, p=0.041, I 2=54.307 
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Q
-value=0.043, df=1, p=0.835, I 2=0 
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-value=0.591, df=1, p-value=0.442, I 2=0 
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-value=9.205, df=3, p-value=0.027, I 2=67.409 
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-value=0.037, df=1, p-value=0.848, I 2=0 
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Q
-value=4.49, df=2, p-value=0.106, I2=55.490 
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Q
-value:0.395, df=2, p-value=0.821  I 2=0 
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-

value=6.485, df=2, p-value=0.039, I 2=69.16 
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Q
-value=4.495, df=2, p-value=0.106, I 2=55.510 
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Q
-value=35.80, df=5, p<0.001, I 2=86.03 
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8 to 30 days 

Q
-value=2.061, df=2, p=0.357, I2=2.95 
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5.1. Integrative Discussion 

The previous three chapters formed the core components of the thesis, which examined 

two important issues in the treatment of MD. The first issue was medication adherence 

and the second issue was cognitive impairment following ECT for TRD. Specifically, the 

thesis described the preliminary results of an RCT conducted to investigate the 

comparative efficacy of PIMM/SAM versus SPP in improving medication adherence in 

persons admitted to the inpatient unit of a mood disorders program. As well, the thesis 

reported the results of a systematic review and meta-analysis of cognitive deficits in 

persons who received bilateral versus unilaterial ECT. The current chapter presents an 

integrative discussion of these three chapters, plus directions for future research. Chapter 

2 described the RCT and showed that the PIMM/SAM program may have some benefits 

versus SPP in improving medication adherence. This is important given the challenge of 

medication adherence in persons with MD. To date, no definitive program exists to boost 

adherence in persons with MD. Findings from a review of other programs found that a 

multidimensional approach, rather than education alone, is necessary to improve 

adherence (Chong et al., 2011). PIMM/SAM is an example of such an approach because 

it combines education (informing persons about the usage and importance of their 

medications), participant empowerment (allowing persons with MD to describe their 

understanding of their medications, allowing them to choose tailored and individualized 

reminders to take their medications), and participant-nurse interaction (participants 

explain the usage and importance of their medications to their nurses on a daily basis) to 
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equip persons with MD with the knowledge to understand why they should take their 

medications. Further, PIMM/SAM provides these persons with daily reinforcement and 

reminders about their medications to habitualize the taking of pharmacotherapy in line 

with the physicians’ prescribing. 

Even among persons who adhere to treatment, therapeutic non-response is an issue in 

MD. The problem is especially prevalent in the treatment of MDD (Souery et al., 2006). 

ECT is one modality used to treat persons with TRD, but reports of cognitive impairment 

following ECT have led to questions about the benefits versus risks of the treatment. To 

examine the body of evidence for this issue, we conducted a systematic review and meta-

analysis of primary studies that measured cognition in groups of persons who received 

bilateral or unilateral ECT. Chapter 3 contains two published articles related to the 

systematic review and meta-analysis, namely a preliminary methods report on the test-

retest and inter-rater reliability of risk of bias assessments of ECT studies (M. Oremus et 

al., 2012) and the protocol for our systematic review and meta-analysis (C. Oremus et al., 

2015). 

Our findings in the test-retest and inter-rater reliability study suggested the need for 

improved rater training during the important phase of assessing the risk of bias in 

published studies (study quality). Risk of bias assessment is an important component of 

any systematic review or meta-analysis because the conclusions one can draw from the 

body of evidence on a particular subject must be moderated by the degree of bias in the 

evidence. High levels of bias in a majority of published studies suggest the body of 
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evidence contains many invalid conclusions. Therefore, clinicians should be hesitant to 

use the evidence to inform practice decisions. In preparation for the review reported in 

this thesis, raters were trained in the use of relevant risk of bias scales such as the Jadad 

scale and the Newcastle-Ottawa scale. Further, the raters received instruction on the 

nuances of study design to enable them to validly extract data from the published study 

reports. Assessing risk of bias and extracting study data are challenging processes that 

require careful rater training. Besides engaging raters with enough basic knowledge about 

research design and study bias, raters must be taught how read published study reports. 

Many published reports are poorly written and lacking in important details such as 

recruitment and follow-up procedures, and many describe outcomes selectively. An 

algorithm (Hartling, Bond, Santaguida, Viswanathan, & Dryden, 2011) even exists to 

help readers (and systematic reviewers) identify study designs in journal articles because 

authors do not always clearly report such basic details clearly. The test-retest and 

interrater reliability study provided guidance to train the raters for the ECT systematic 

review and meta-analysis to understand the questions on the risk of bias scales in the 

context of the review topic. Additionally, the raters were trained to extract data on a 

sample of studies included in the systematic review and meta-analysis. 

The protocol for the systematic review and meta-analysis describes the methods used 

to obtain the results reported in Chapter 4. The protocol is written in conformity with 

existing guidelines for such documents (Moher et al., 2015) and the systematic review 

and meta-analysis itself conforms to current methods guidance (Moher et al., 2009a). 
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Further, the review is registered with the PROSPERO international registry of systematic 

reviews (Booth et al., 2012) (ID # CRD42014009100). The concern with methods and 

registration permits the scientific community to assess whether the review methods are 

transparent, reproducible, and valid. Also, registration reduces overlap and duplication 

because researchers (and policy makers who often commission systematic reviews) can 

determine whether a similar review is already ongoing (Stewart, Moher, & Shekelle, 

2012). 

Chapter 4 contains the results of the review of cognitive impairment following 

bilateral versus unilateral ECT. Although many summary odds ratios were not statistically 

significant in the forest plots, the results consistently indicated that cognitive impairment 

was worse for persons who received bilateral ECT at 8 to 30 days post treatment, 

regardless of the specific treatment modality, when compared to persons who received 

unilateral ECT. Furthermore, clinically, these results confirm that unilateral ECT should 

be the initial treatment option in TRD unless a specific persons’ clinical presentation 

suggests differently (i.e., a person has not previously responded to unilateral). A 

challenge with summarizing the available evidence of ECT and cognition is the 

substantial amount of clinical heterogeneity in studies published in this area.  For 

example, authors often use many tests to measure the same cognitive domains. This can 

overdramatize a positive or negative finding because several different instruments point 

to the same conclusion or, one or two of the tests in a large cognitive battery measuring 

the same domain may produce a chance finding that contradicts the other findings. A 
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similar issue is the lack of consensus regarding the most suitable cognitive tests to 

employ. Some studies selectively reported certain cognitive outcomes. Other challenges 

with comparing studies in this area concern dissimilar types of treatment modalities, 

length of follow up, follow-up time point, and study groups.    

Other systematic reviews and meta-analyses have examined cognitive impairment 

following ECT. While the findings are consistent with the review reported in Chapter 4, 

the previous reviews suffered from some methodological gaps that limit the applicability 

of their conclusions. For example, Tor et al. found better cognitive outcomes in persons 

who received ultrabrief pulse instead of brief pulse right unilateral ECT in six studies 

(Tor et al., 2015). Dunne and McLoughliin studied the efficacy and side effects of 

bifrontal to bitemporal ECT versus unilateral ECT in eight depression trials and found a 

lower post-treatment decline on the Mini-Mental State Examination for bifrontal versus 

bitemporal ECT, but not unilateral (Dunne & McLoughlin, 2012). Semkovska and 

McLoughlin meta-analyzed 84 studies covering eight cognitive domains and concluded 

that cognitive impairment did not persist beyond three days post-ECT (Semkovska & 

McLoughlin, 2010). The UK ECT Review Group identified three studies and found 

inconclusive results with respect to cognition (The UK ECT Review Group, 2003). None 

of these reviews assessed the risk of bias of included studies, nor did they grade the 

strength of evidence or register their reviews in a registry such as PROSPERO.  

Overall, this thesis is an important contribution to the field of treating MD. The RCT 

provides early evidence for the efficacy of a program to increase medication adherence in 
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inpatients and the methodologically rigorous systematic review shows evidence of 

cognitive impairment in persons who are treated with bilateral versus unilateral ECT.     

5.2. Future Directions 

The RCT is part of a sequential explanatory mixed methods study examining the efficacy 

of PIMM/SAM versus SPP. The experience with the study to date shows that recruitment 

and follow-up of study participants from a mood disorders program is possible, despite 

the challenges of conducting research in this group of people. Recruitment of participants 

into the RCT will continue beyond the thesis and the planned follow-up is 12 months per 

person. Besides the battery of tests described in Chapter 2, another outcome will be the 

time to re-hospitalization in each group. Between-group differences in time to re-

hospitalization will be compared using Kaplan-Meier survival curves and Cox 

proportional hazards regression. All statistical analyses will be performed using R 

software (R Core Team, 2013). 

An additional component of the evaluation of PIMM/SAM and SPP will be to 

qualitatively explore reasons for low adherence in both study groups. To do so, a 

purposeful sample of participants who score seven or less on the MARS at the 12-month 

follow-up time point will be randomly invited to participate in a qualitative study. Trained 

interviewers will use a semi-structured, qualitative one-on-one interview to ask the 

following questions: 

Did participants feel they received adequate instruction with respect to taking 

medications? 
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Did participants feel that they were better empowered to take responsibility for their 

health and well-being following participation in the protocol? 

Were participants more satisfied with the quality of care they received during their 

hospital stay? 

What might have been added to the program to make taking medications easier? 

Further questions may be added to the interview, depending on the findings of the RCT. 

The interviews will be audio-recorded and transcribed verbatim. 

Content analysis (Krippendorff, 2004) will guide the thematic categorization of 

participants’ interview responses. Two independent reviewers will read and re-read the 

transcripts and identify key themes related the medication adherence. After the reviewers 

identify an initial list of themes, they will meet, group similar themes together, and 

develop a codebook of themes. The reviewers will then separately analyze each interview 

again, applying the themes to the text and identifying additional themes as required. The 

reviewers will then meet and reconcile differences and develop the final list of themes. 

NVivo 10 (QRS International Pty Ltd, Doncaster, Australia) will be used to organize and 

code the data. The reviewers will keep an audit trail of detailed notes to record the 

development and evolution of the themes. Recruitment of participants will continue until 

saturation. A sample size of 15 participants per group should be the maximum number of 

persons that will be needed to reach saturation (Guest, Bunce, & Johnson, 2006). 

The final component of the PIMM/SAM versus SPP study will be an economic 

evaluation, undertaken from the healthcare system perspective, to compare the costs of 
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first re-hospitalization between each study group. When a participant is re-hospitalized 

for the first time at any point during the 12-month follow-up period, research staff will 

conduct a chart review of the entire re-hospitalization to identify all of the direct medical 

resources consumed during the re-hospitalization. The chart review will cover the entire 

length of the re-hospitalization, even if this length exceeds the 12-month follow-up period 

for the participant in question. Direct medical resources include physician, nurse, and 

other healthcare professionals’ time, use of disposable supplies, lab tests, and 

medications. Costs will be attached to these resources using Ontario Hospital Insurance 

Plan billing rates, prescribed wage rates, Ontario Drug Benefit Program reimbursement 

rates, and market rates for disposables. The cost of first re-hospitalization will be 

calculated for each participant. A generalized linear model with a log link and gamma 

distribution will be used to compare the difference in cost between study groups. In this 

model, the cost of re-hospitalization will be the dependent variable and the randomization 

group will be the independent variable. 

The meta-analysis found some results to suggest the existence of worse cognitive 

performance in persons who received bilateral versus unilateral ECT. However, the 

evidence was generally weak and a substantial amount of remaining work needs to be 

done to provide a firmer scientific basis to guide clinical decision-making. Further 

research in this area would benefit from clearly defended ECT protocols and consensus 

on a standard battery of cognitive tests to promote applicability and comparability across 
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studies and strengthen the body of evidence regarding ECT’s impact on cognitive 

performance. 

5.3. Conclusions 

This thesis showed that persons admitted to an inpatient mood disorders clinic, who 

received a structured medication training program, may have better adherence-related 

outcomes than persons who received standard prescribing practice. The study to evaluate 

PIMM/SAM is ongoing and it is expected to generate further evidence in support of the 

active program. The systematic review and meta-analysis employed current methods and 

showed that cognitive performance was worse in persons who received bilateral versus 

unilateral ECT in some cognitive domains both prior to receipt of treatment and at 8 to 30 

days post-treatment. 

  



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

192$

$

References - Chapters 1, 3 (foreword) and 5 

Abrams, R. (2007). Does bilateral ECT cause persistent cognitive impairment? The 

Journal of ECT, 23(2), 61–62. http://doi.org/10.1097/yct.0b013e3180544997 

American Psychiatric Association, American Psychiatric Association, & DSM-5 Task 

Force. (2013). Diagnostic and statistical manual of mental disorders: DSM-5. 

Retrieved from http://dsm.psychiatryonline.org/book.aspx?bookid=556 

Ashton, R., & Hess, N. (1976). Amnesia for random shapes following unilateral and 

bilateral electronvulsive shock therapy. Perceptual and Motor Skills, 42(2), 669–

670. 

Bauer, I. E., Wu, M.-J., Frazier, T. W., Mwangi, B., Spiker, D., Zunta-Soares, G. B., & 

Soares, J. C. (2016). Neurocognitive functioning in individuals with bipolar 

disorder and their healthy siblings: A preliminary study. Journal of Affective 

Disorders, 201, 51–56. http://doi.org/10.1016/j.jad.2016.04.026 

Bauer, J., Hageman, I., Dam, H., Baez, A., Bolwig, T., Roed, J., … Jorgensen, M. B. 

(2009). Comparison of propofol and thiopental as anesthetic agents for 

electroconvulsive therapy: a randomized, blinded comparison of seizure duration, 

stimulus charge, clinical effect, and cognitive side effects. The Journal of ECT, 

25(2), 85–90. http://doi.org/10.1097/YCT.0b013e31818a0203 

Bergfeld, I. O., Mantione, M., Hoogendoorn, M. L. C., Ruhé, H. G., Notten, P., van 

Laarhoven, J., … Denys, D. (2016). Deep Brain Stimulation of the Ventral 

Anterior Limb of the Internal Capsule for Treatment-Resistant Depression: A 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

193$

$

Randomized Clinical Trial. JAMA Psychiatry, 73(5), 456–464. 

http://doi.org/10.1001/jamapsychiatry.2016.0152 

Berlim, M. T., McGirr, A., Van den Eynde, F., Fleck, M. P. A., & Giacobbe, P. (2014). 

Effectiveness and acceptability of deep brain stimulation (DBS) of the subgenual 

cingulate cortex for treatment-resistant depression: a systematic review and 

exploratory meta-analysis. Journal of Affective Disorders, 159, 31–38. 

http://doi.org/10.1016/j.jad.2014.02.016 

Booth, A., Clarke, M., Dooley, G., Ghersi, D., Moher, D., Petticrew, M., & Stewart, L. 

(2012). The nuts and bolts of PROSPERO: an international prospective register of 

systematic reviews. Systematic Reviews, 1, 2. http://doi.org/10.1186/2046-4053-1-

2 

Bora, E., Yucel, M., & Pantelis, C. (2009). Cognitive endophenotypes of bipolar disorder: 

A meta-analysis of neuropsychological deficits in euthymic patients and their 

first-degree relatives. Journal of Affective Disorders, 113(1), 1–20. 

http://doi.org/10.1016/j.jad.2008.06.009 

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2009). Introduction to 

Meta-Analysis. Chichester, UK: John wiley & Sons, Ltd. 

Brakemeier, E.-L., Berman, R., Prudic, J., Zwillenberg, K., & Sackeim, H. A. (2011). 

Self-evaluation of the cognitive effects of electroconvulsive therapy. The Journal 

of ECT, 27(1), 59–66. http://doi.org/10.1097/YCT.0b013e3181d77656 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

194$

$

British Medical Journal. (2016). Medical Milestones. London: British Medical Journal. 

Available at: http://www.bmj.com/content/medical-milestones. Accessed on: July 

3. 

Brunoni, A. R., Baeken, C., Machado-Vieira, R., Gattaz, W. F., & Vanderhasselt, M.-A. 

(2014). BDNF blood levels after electroconvulsive therapy in patients with mood 

disorders: a systematic review and meta-analysis. The World Journal of Biological 

Psychiatry: The Official Journal of the World Federation of Societies of 

Biological Psychiatry, 15(5), 411–418. 

http://doi.org/10.3109/15622975.2014.892633 

Canadian Agency for Drugs and Technologies in Health (CADTH). (2014). CADTH 

Common Drug Review: Procedure for the CADTH Common Drug Review. 

Ottawa: CADTH. 

Canadian Agency for Drugs and Technologies in Health (CADTH). (2016). CADTH - 

Evidence Driven. Ottawa: CADTH. Available at: https://www.cadth.ca/. Accessed 

on: July 3. 

Cannicott, S. M., & Waggoner, R. W. (1967). Unilateral and bilateral electroconvulsive 

therapy. A comparative study. Archives of General Psychiatry, 16(2), 229–232. 

Chong, W. W., Aslani, P., & Chen, T. F. (2011). Effectiveness of interventions to 

improve antidepressant medication adherence: a systematic review. International 

Journal of Clinical Practice, 65(9), 954–975. http://doi.org/10.1111/j.1742-

1241.2011.02746.x 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

195$

$

Coldham, E. L., Addington, J., & Addington, D. (2002). Medication adherence of 

individuals with a first episode of psychosis. Acta Psychiatrica Scandinavica, 

106(4), 286–290. 

Daniel, W. F., Weiner, R. D., & Crovitz, H. F. (1983). Autobiographical amnesia with 

ECT: an analysis of the roles of stimulus wave form, electrode placement, 

stimulus energy, and seizure length. Biological Psychiatry, 18(1), 121–126. 

Darling, C. A., Olmstead, S. B., Lund, V. E., & Fairclough, J. F. (2008). Bipolar disorder: 

medication adherence and life contentment. Archives of Psychiatric Nursing, 

22(3), 113–126. http://doi.org/10.1016/j.apnu.2008.02.004 

D’Elia, G. (1970). Unilateral Electroconvulsive Therapy. Copenhagen: Munksgaard. 

Department of Psychiatry. (Available at: http://www.psych.med.umich.edu/ect/common-

side-effects.asp. Accessed on July19). Electroconvulsive Therapy Program: 

Common Side Effects. Ann Arbor, MI: University of Michigan Health System. 

Depp, C. A., Mausbach, B. T., Eyler, L. T., Palmer, B. W., Cain, A. E., Lebowitz, B. D., 

… Jeste, D. V. (2009). Performance-based and subjective measures of functioning 

in middle-aged and older adults with bipolar disorder. The Journal of Nervous and 

Mental Disease, 197(7), 471–475. 

http://doi.org/10.1097/NMD.0b013e3181ab5c9b 

Devanand, D. P., Fitzsimons, L., Prudic, J., & Sackeim, H. A. (1995). Subjective side 

effects during electroconvulsive therapy. Convulsive Therapy, 11(4), 232–240. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

196$

$

Dickersin, K., Straus, S. E., & Bero, L. A. (2007). Evidence based medicine: increasing, 

not dictating, choice. BMJ, 334(suppl 1), s10–s10. 

http://doi.org/10.1136/bmj.39062.639444.94 

Dickerson, F. B., Boronow, J. J., Stallings, C. R., Origoni, A. E., Cole, S., & Yolken, R. 

H. (2004). Association between cognitive functioning and employment status of 

persons with bipolar disorder. Psychiatric Services (Washington, D.C.), 55(1), 54–

58. http://doi.org/10.1176/appi.ps.55.1.54 

Dougherty, D. D., & Rauch, S. L. (2007). Somatic Therapies for Treatment- Resistant 

Depression: New Neurotherapeutic Interventions. Psychiatric Clinics of North 

America, 30(1), 31–37. http://doi.org/10.1016/j.psc.2006.12.006 

Dunbar-Jacob, J., & Mortimer-Stephens, M. K. (2001). Treatment adherence in chronic 

disease. Journal of Clinical Epidemiology, 54(12, Supplement 1), S57–S60. 

http://doi.org/10.1016/S0895-4356(01)00457-7 

Dunkin, J. J., Leuchter, A. F., Cook, I. A., Kasl-Godley, J. E., Abrams, M., & Rosenberg-

Thompson, S. (2000). Executive dysfunction predicts nonresponse to fluoxetine in 

major depression. Journal of Affective Disorders, 60(1), 13–23. 

Dunne, R. A., & McLoughlin, D. M. (2012). Systematic review and meta-analysis of 

bifrontal electroconvulsive therapy versus bilateral and unilateral 

electroconvulsive therapy in depression. The World Journal of Biological 

Psychiatry: The Official Journal of the World Federation of Societies of 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

197$

$

Biological Psychiatry, 13(4), 248–258. 

http://doi.org/10.3109/15622975.2011.615863 

Elm, E. von, Altman, D. G., Egger, M., Pocock, S. J., Gøtzsche, P. C., & Vandenbroucke, 

J. P. (2007). Strengthening the reporting of observational studies in epidemiology 

(STROBE) statement: guidelines for reporting observational studies. BMJ, 

335(7624), 806–808. http://doi.org/10.1136/bmj.39335.541782.AD 

Emsley, R., & Hawkridge, S. (2009). The quest for a meaningful evidence base in 

psychiatry. World Psychiatry, 8(1), 33–34. 

Fink, M. (2007). Complaints of loss of personal memories after electroconvulsive 

therapy: evidence of a somatoform disorder? Psychosomatics, 48(4), 290–293. 

http://doi.org/10.1176/appi.psy.48.4.290 

Fleminger, J. J., de Horne, D. J., & Nott, P. N. (1970). Unilateral electroconvulsive 

therapy and cerebral dominance: effect of right- and left-sided electrode placement 

on verbal memory. Journal of Neurology, Neurosurgery, and Psychiatry, 33(3), 

408–411. 

Flory, J. D., & Yehuda, R. (2015). Comorbidity between post-traumatic stress disorder 

and major depressive disorder: alternative explanations and treatment 

considerations. Dialogues in Clinical Neuroscience, 17(2), 141–150. 

Gagnier, J. J., Moher, D., Boon, H., Beyene, J., & Bombardier, C. (2012). Investigating 

clinical heterogeneity in systematic reviews: a methodologic review of guidance in 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

198$

$

the literature. BMC Medical Research Methodology, 12, 111. 

http://doi.org/10.1186/1471-2288-12-111 

Ganguli, A., Clewell, J., & Shillington, A. C. (2016). The impact of patient support 

programs on adherence, clinical, humanistic, and economic patient outcomes: a 

targeted systematic review. Patient Preference and Adherence, 10, 711–725. 

http://doi.org/10.2147/PPA.S101175 

Gartlehner, G., Gaynes, B. N., Hansen, R. A., Thieda, P., DeVeaugh-Geiss, A., Krebs, E. 

E., … Lohr, K. N. (2008). Comparative benefits and harms of second-generation 

antidepressants: background paper for the American College of Physicians. 

Annals of Internal Medicine, 149(10), 734–750. 

Gaynes, B. N., Dusetzina, S. B., Ellis, A. R., Hansen, R. A., Farley, J. F., Miller, W. C., & 

Stürmer, T. (2012). Treating depression after initial treatment failure: directly 

comparing switch and augmenting strategies in STAR*D. Journal of Clinical 

Psychopharmacology, 32(1), 114–119. 

http://doi.org/10.1097/JCP.0b013e31823f705d 

Gaynes, B. N., Lux, L. J., Lloyd, S. W., Hansen, R. A., Gartlehner, G., Keener, P., … 

Lohr, K. N. (2011). Nonpharmacologic Interventions for Treatment-Resistant 

Depression in Adults. Rockville (MD): Agency for Healthcare Research and 

Quality (US). Retrieved from http://www.ncbi.nlm.nih.gov/books/NBK65315/ 

Gildengers, A. G., Butters, M. A., Chisholm, D., Rogers, J. C., Holm, M. B., Bhalla, R. 

K., … Mulsant, B. H. (2007). Cognitive functioning and instrumental activities of 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

199$

$

daily living in late-life bipolar disorder. The American Journal of Geriatric 

Psychiatry: Official Journal of the American Association for Geriatric Psychiatry, 

15(2), 174–179. http://doi.org/10.1097/JGP.0b013e31802dd367 

Government of Canada, S. C. (2016, March 7). Mood disorders, by age group and sex 

(Number). Retrieved July 11, 2016, from http://www.statcan.gc.ca/tables-

tableaux/sum-som/l01/cst01/health113a-eng.htm 

GRADE Working Group. (2004). Grading quality of evidence and strength of 

recommendations. BMJ!: British Medical Journal, 328(7454), 1490. 

Gray, G. E., & Pinson, L. A. (2003). Evidence-based medicine and psychiatric practice. 

The Psychiatric Quarterly, 74(4), 387–399. 

Greenhalgh, T., Howick, J., & Maskrey, N. (2014). Evidence based medicine: a 

movement in crisis? BMJ, 348, g3725. http://doi.org/10.1136/bmj.g3725 

Guest, G., Bunce, A., & Johnson, L. (2006). How Many Interviews Are Enough? An 

Experiment with Data Saturation and Variability. Field Methods, 18(1), 59–82. 

http://doi.org/10.1177/1525822X05279903 

Hamilton, M. (1960). A rating scale for depression. Journal of Neurology, Neurosurgery, 

and Psychiatry, 23, 56–62. 

Hartling, L., Bond, K., Santaguida, P. L., Viswanathan, M., & Dryden, D. M. (2011). 

Testing a tool for the classification of study designs in systematic reviews of 

interventions and exposures showed moderate reliability and low accuracy. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

200$

$

Journal of Clinical Epidemiology, 64(8), 861–871. 

http://doi.org/10.1016/j.jclinepi.2011.01.010 

Hartling, L., Milne, A., Hamm, M. P., Vandermeer, B., Ansari, M., Tsertsvadze, A., & 

Dryden, D. M. (2013). Testing the Newcastle Ottawa Scale showed low reliability 

between individual reviewers. Journal of Clinical Epidemiology, 66(9), 982–993. 

http://doi.org/10.1016/j.jclinepi.2013.03.003 

Hasselbalch, B. J., Knorr, U., Hasselbalch, S. G., Gade, A., & Kessing, L. V. (2012). 

Cognitive deficits in the remitted state of unipolar depressive disorder. 

Neuropsychology, 26(5), 642–651. http://doi.org/10.1037/a0029301 

Health Canada. (2002). A Report on Mental Illnesses in Canada. Ottawa: Health Canada. 

Higgins, J. P., & Green, S. (eds). (2016). Cochrane Handbook for Systematic Reviews of 

Interventions: Version 5.1.0 [updated March 2011]. The Cochrane Collaboration. 

Available at: http://handbook.cochrane.org/ Accessed on: July 3. 

Higgins, J. P. T., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., … 

Sterne, J. A. C. (2011). The Cochrane Collaboration’s tool for assessing risk of 

bias in randomised trials. BMJ, 343, d5928. http://doi.org/10.1136/bmj.d5928 

Horne, R. L., Pettinati, H. M., Sugerman, A. A., & Varga, E. (1985). Comparing bilateral 

to unilateral electroconvulsive therapy in a randomized study with EEG 

monitoring. Archives of General Psychiatry, 42(11), 1087–1092. 

Horne, R., Weinman, J., Barber, N., Elliott, R., & Morgan, M. (2006). Concordance, 

Adherence and Compliance in Medicine Taking: A conceptual map and research 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

201$

$

priorities. London: National Institute for Health Research (NIHR) Service 

Delivery and Organisation (SDO) Programme. 

Iorfino, F., Hickie, I. B., Lee, R. S. C., Lagopoulos, J., & Hermens, D. F. (2016). The 

underlying neurobiology of key functional domains in young people with mood 

and anxiety disorders: a systematic review. BMC Psychiatry, 16, 156. 

http://doi.org/10.1186/s12888-016-0852-3 

Jadad, A. R., Moore, R. A., Carroll, D., Jenkinson, C., Reynolds, D. J., Gavaghan, D. J., 

& McQuay, H. J. (1996). Assessing the quality of reports of randomized clinical 

trials: is blinding necessary? Controlled Clinical Trials, 17(1), 1–12. 

Jaeger, J., & Vieta, E. (2007). Functional outcome and disability in bipolar disorders: 

ongoing research and future directions. Bipolar Disorders, 9(1-2), 1–2. 

http://doi.org/10.1111/j.1399-5618.2007.00441.x 

Kellner, C. H., Knapp, R., Husain, M. M., Rasmussen, K., Sampson, S., Cullum, M., … 

Petrides, G. (2010). Bifrontal, bitemporal and right unilateral electrode placement 

in ECT: randomised trial. The British Journal of Psychiatry!: The Journal of 

Mental Science, 196(Journal Article), 226–234. 

http://doi.org/10.1192/bjp.bp.109.066183 

Kellner, C. H., Tobias, K. G., & Wiegand, J. (2010). Electrode placement in 

electroconvulsive therapy (ECT): A review of the literature. The Journal of ECT, 

26(3), 175–180. http://doi.org/10.1097/YCT.0b013e3181e48154 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

202$

$

Kessler, R. C., Aguilar-Gaxiola, S., Alonso, J., Chatterji, S., Lee, S., Ormel, J., … Wang, 

P. S. (2009). The global burden of mental disorders: An update from the WHO 

World Mental Health (WMH) Surveys. Epidemiologia E Psichiatria Sociale, 

18(1), 23–33. 

Krippendorff, K. (2004). Content Analysis: An Introduction to Its Methodology. 

Thousand Oaks, CA: Sage Publications, Inc. 

Lam, R. W., Bartley, S., Yatham, L. N., Tam, E. M., & Zis, A. P. (1999). Clinical 

predictors of short-term outcome in electroconvulsive therapy. Canadian Journal 

of psychiatry.Revue Canadienne de Psychiatrie, 44(2), 158–163. 

Lanius, R. A. (2015). Trauma-related dissociation and altered states of consciousness: a 

call for clinical, treatment, and neuroscience research. European Journal of 

Psychotraumatology, 6, 27905. 

Lee, J. C., Blumberger, D. M., Fitzgerald, P. B., Daskalakis, Z. J., & Levinson, A. J. 

(2012). The role of transcranial magnetic stimulation in treatment-resistant 

depression: a review. Current Pharmaceutical Design, 18(36), 5846–5852. 

Lee, R. S. C., Hermens, D. F., Porter, M. A., & Redoblado-hodge, M. A. (2012). A 

metaanalysis of cognitive deficits in first episode Major Depressive Disorder. 

Journal of Affective Disorers, 140, 113–124  

Levy, R. (1968). The clinical evaluation of unilateral electroconvulsive therapy. The 

British Journal of Psychiatry!: The Journal of Mental Science, 114(509), 459–463. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

203$

$

Lo, C. K.-L., Mertz, D., & Loeb, M. (2014). Newcastle-Ottawa Scale: comparing 

reviewers’ to authors’ assessments. BMC Medical Research Methodology, 14, 45. 

http://doi.org/10.1186/1471-2288-14-45 

Loo, C. K., Sainsbury, K., Sheehan, P., & Lyndon, B. (2008). A comparison of RUL 

ultrabrief pulse (0.3 ms) ECT and standard RUL ECT. The International Journal 

of Neuropsychopharmacology / Official Scientific Journal of the Collegium 

Internationale Neuropsychopharmacologicum (CINP), 11(7), 883–890. 

http://doi.org/10.1017/S1461145708009292 

MacQueen, G. M., Campbell, S., McEwen, B. S., Macdonald, K., Amano, S., Joffe, R. T., 

… Young, L. T. (2003). Course of illness, hippocampal function, and 

hippocampal volume in major depression. Proceedings of the National Academy 

of Sciences of the United States of America, 100(3), 1387–1392. 

http://doi.org/10.1073/pnas.0337481100 

McCall, W. V., Dunn, A., Rosenquist, P. B., & Hughes, D. (2002). Markedly 

suprathreshold right unilateral ECT versus minimally suprathreshold bilateral 

ECT: antidepressant and memory effects. The Journal of ECT, 18(3), 126–129. 

McCartney, M., Treadwell, J., Maskrey, N., & Lehman, R. (2016). Making evidence 

based medicine work for individual patients. BMJ, 353, i2452. 

http://doi.org/10.1136/bmj.i2452 

Merikangas, K. R., Jin, R., He, J.-P., Kessler, R. C., Lee, S., Sampson, N. A., … Zarkov, 

Z. (2011). Prevalence and Correlates of Bipolar Spectrum Disorder in the World 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

204$

$

Mental Health Survey Initiative. Archives of General Psychiatry, 68(3), 241–251. 

http://doi.org/10.1001/archgenpsychiatry.2011.12 

Merkl, A., Heuser, I., & Bajbouj, M. (2009). Antidepressant electroconvulsive therapy: 

mechanism of action, recent advances and limitations. Experimental Neurology, 

219(1), 20–26. http://doi.org/10.1016/j.expneurol.2009.04.027 

Merkl, A., Schneider, G.-H., Schönecker, T., Aust, S., Kühl, K.-P., Kupsch, A., … 

Bajbouj, M. (2013). Antidepressant effects after short-term and chronic 

stimulation of the subgenual cingulate gyrus in treatment-resistant depression. 

Experimental Neurology, 249, 160–168. 

http://doi.org/10.1016/j.expneurol.2013.08.017 

Moher, D., Hopewell, S., Schulz, K. F., Montori, V., Gøtzsche, P. C., Devereaux, P. J., … 

Altman, D. G. (2010). CONSORT 2010 explanation and elaboration: updated 

guidelines for reporting parallel group randomised trials. BMJ (Clinical Research 

Ed.), 340, c869. 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group. (2009a). 

Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. BMJ (Clinical Research Ed.), 339, b2535. 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group. (2009b). 

Preferred reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. Journal of Clinical Epidemiology, 62(10), 1006–1012. 

http://doi.org/10.1016/j.jclinepi.2009.06.005 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

205$

$

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., … 

PRISMA-P Group. (2015). Preferred reporting items for systematic review and 

meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Reviews, 4, 1. 

http://doi.org/10.1186/2046-4053-4-1 

Monden, R., de Vos, S., Morey, R., Wagenmakers, E.-J., de Jonge, P., & Roest, A. M. 

(2016). Toward evidence-based medical statistics: a Bayesian analysis of double-

blind placebo-controlled antidepressant trials in the treatment of anxiety disorders. 

International Journal of Methods in Psychiatric Research, n/a–n/a. 

http://doi.org/10.1002/mpr.1507 

Muneer, A. (2016). The Neurobiology of Bipolar Disorder: An Integrated Approach. 

Chonnam Medical Journal, 52(1), 18–37. http://doi.org/10.4068/cmj.2016.52.1.18 

Murrough, J. W., Iacoviello, B., Neumeister, A., Charney, D. S., & Iosifescu, D. V. 

(2011). Cognitive dysfunction in depression: neurocircuitry and new therapeutic 

strategies. Neurobiology of Learning and Memory, 96(4), 553–563. 

http://doi.org/10.1016/j.nlm.2011.06.006 

National Institute for Health and Care Excellence (NICE). (2016). Improving health and 

social care through evidence-based guidance. London: NICE. Available at: 

https://www.nice.org.uk/. Accessed on: July 3. 

National Institute of Mental Health. (2016). Post-Traumatic Stress Disorder. Available at: 

http://www.nimh.nih.gov/health/topics/post-traumatic-stress-disorder-

ptsd/index.shtml: Accessed on: July 20. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

206$

$

O’Connor, M., Lebowitz, B. K., Ly, J., Panizzon, M. S., Elkin-Frankston, S., Dey, S., … 

Pearlman, C. (2008). A dissociation between anterograde and retrograde amnesia 

after treatment with electroconvulsive therapy: a naturalistic investigation. The 

Journal of ECT, 24(2), 146–151. http://doi.org/10.1097/YCT.0b013e318158792f 

Oremus, C., Oremus, M., McNeely, H., Losier, B., Parlar, M., King, M., … McKinnon, 

M. (2015). Effects of electroconvulsive therapy on cognitive functioning in 

patients with depression: protocol for a systematic review and meta-analysis. BMJ 

Open, 5(3), e006966. http://doi.org/10.1136/bmjopen-2014-006966 

Oremus, M., Oremus, C., Hall, G. B. C., & McKinnon, M. C. (2012). Inter-rater and test–

retest reliability of quality assessments by novice student raters using the Jadad 

and Newcastle–Ottawa Scales. BMJ Open, 2(4). http://doi.org/10.1136/bmjopen-

2012-001368 

Parlar, M. (2015). Neural and Clinical Correlates of cognitve Processes in Major 

Depressive Disorder and Posttraumatic Stress Disorder. Hamilton, ON: 

McMaster University PhD Thesis. 

Parlar, M., Frewen, P. A., Oremus, C., Lanius, R. A., & McKinnon, M. C. (2016). 

Dissociative symptoms are associated with reduced neuropsychological 

performance in patients with recurrent depression and a history of trauma 

exposure. European Journal of Psychotraumatology, 7. 

http://doi.org/10.3402/ejpt.v7.29061 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

207$

$

Polak, A. R., Witteveen, A. B., Reitsma, J. B., & Olff, M. (2012). The role of executive 

function in posttraumatic stress disorder: a systematic review. Journal of Affective 

Disorders, 141(1), 11–21. http://doi.org/10.1016/j.jad.2012.01.001 

Polyakova, M., Schroeter, M. L., Elzinga, B. M., Holiga, S., Schoenknecht, P., de Kloet, 

E. R., & Molendijk, M. L. (2015). Brain-Derived Neurotrophic Factor and 

Antidepressive Effect of Electroconvulsive Therapy: Systematic Review and 

Meta-Analyses of the Preclinical and Clinical Literature. PloS One, 10(11), 

e0141564. http://doi.org/10.1371/journal.pone.0141564 

Qaseem, A., Snow, V., Cross, J. J. Thomas, Forciea, M. A., Hopkins, J. Robert, Shekelle, 

P., … Owens, D. K. (2008). Current Pharmacologic Treatment of Dementia: A 

Clinical Practice Guideline from the American College of Physicians and the 

American Academy of Family Physicians. Annals of Internal Medicine, 148(5), 

370–378. http://doi.org/10.7326/0003-4819-148-5-200803040-00008 

Raina, P., Santaguida, P., Ismaila, A., Patterson, C., Cowan, D., Levine, M., … Oremus, 

M. (2008). Effectiveness of cholinesterase inhibitors and memantine for treating 

dementia: Evidence review for a clinical practice guideline. Ann Intern.Med, 

148(5), 379–397. 

Ranjkesh, F., Barekatain, M., & Akuchakian, S. (2005). Bifrontal versus right unilateral 

and bitemporal electroconvulsive therapy in major depressive disorder. The 

Journal of ECT, 21(4), 207–210. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

208$

$

R Core Team. (2013). R: A language and environment for statistical computing. Vienna: 

R Foundation for Statistical Computing. 

Rock, P. L., Roiser, J. P., Riedel, W. J., & Blackwell, A. D. (2014). Cognitive impairment 

in depression: a systematic review and meta-analysis, 2029–2040. Psychological 

Medicine, 44 (10). http://dx.doi.org/10.1017/S0033291713002535 

Rosenberg, J., & Pettinati, H. M. (1984). Differential memory complaints after bilateral 

and unilateral ECT. The American Journal of Psychiatry, 141(9), 1071–1074. 

Rush, A. J., Trivedi, M. H., Wisniewski, S. R., Nierenberg, A. A., Stewart, J. W., 

Warden, D., … Fava, M. (2006). Acute and longer-term outcomes in depressed 

outpatients requiring one or several treatment steps: a STAR*D report. The 

American Journal of Psychiatry, 163(11), 1905–1917. 

http://doi.org/10.1176/ajp.2006.163.11.1905 

Sackett, D. L., Rosenberg, W. M., Gray, J. A., Haynes, R. B., & Richardson, W. S. 

(1996). Evidence based medicine: what it is and what it isn’t. BMJ (Clinical 

Research Ed.), 312(7023), 71–72. 

Sadock, B. J., & Sadock, V. A. (2007). Synopsis of Psychiatry: Behavioral 

Sciences/Clinical Psychology (10th ed.). Philadelphia: Lippincott Williams & 

Wilkins. 

Santarsieri, D., & Schwartz, T. L. (2015). Antidepressant efficacy and side-effect burden: 

a quick guide for clinicians. Drugs in Context, 4, 212290. 

http://doi.org/10.7573/dic.212290 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

209$

$

Schat, A., van den Broek, W. W., Mulder, P. G., Birkenhager, T. K., van Tuijl, R., & 

Murre, J. M. (2007). Changes in everyday and semantic memory function after 

electroconvulsive therapy for unipolar depression. The Journal of ECT, 23(3), 

153–157. http://doi.org/10.1097/yct.0b013e318065aa0c 

Scott, J., & Pope, M. (2002). Nonadherence with mood stabilizers: prevalence and 

predictors. The Journal of Clinical Psychiatry, 63(5), 384–390. 

Semkovska, M., & McLoughlin, D. M. (2010). Objective cognitive performance 

associated with electroconvulsive therapy for depression: a systematic review and 

meta-analysis. Biological Psychiatry, 68(6), 568–577. 

http://doi.org/10.1016/j.biopsych.2010.06.009 

Shea, B. J., Grimshaw, J. M., Wells, G. A., Boers, M., Andersson, N., Hamel, C., … 

Bouter, L. M. (2007). Development of AMSTAR: a measurement tool to assess 

the methodological quality of systematic reviews. BMC Medical Research 

Methodology, 7, 10. http://doi.org/10.1186/1471-2288-7-10 

Shilyansky, C., Williams, L. M., Gyurak, A., Harris, A., Usherwood, T., & Etkin, A. 

(2016). Effect of antidepressant treatment on cognitive impairments associated 

with depression: a randomised longitudinal study. The Lancet. Psychiatry, 3(5), 

425–435. http://doi.org/10.1016/S2215-0366(16)00012-2 

Sienaert, P., Vansteelandt, K., Demyttenaere, K., & Peuskens, J. (2009). Randomized 

comparison of ultra-brief bifrontal and unilateral electroconvulsive therapy for 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

210$

$

major depression: clinical efficacy. Journal of Affective Disorders, 116(1-2), 106–

112. http://doi.org/10.1016/j.jad.2008.11.001 

Sienaert, P., Vansteelandt, K., Demyttenaere, K., & Peuskens, J. (2010). Randomized 

comparison of ultra-brief bifrontal and unilateral electroconvulsive therapy for 

major depression: cognitive side-effects. Journal of Affective Disorders, 122(1-2), 

60–67. http://doi.org/10.1016/j.jad.2009.06.011 

Snyder, H. R. (2013). Major depressive disorder is associated with broad impairments on 

neuropsychological measures of executive function: a meta-analysis and review. 

Psychological Bulletin, 139(1), 81–132. http://doi.org/10.1037/a0028727 

Sobin, C., Sackeim, H. A., Prudic, J., Devanand, D. P., Moody, B. J., & McElhiney, M. 

C. (1995). Predictors of retrograde amnesia following ECT. The American Journal 

of Psychiatry, 152(7), 995–1001. 

Souery, D., Papakostas, G. I., & Trivedi, M. H. (2006). Treatment-resistant depression. 

The Journal of Clinical Psychiatry, 67 Suppl 6, 16–22. 

Spinhoven, P., Penninx, B. W., van Hemert, A. M., de Rooij, M., & Elzinga, B. M. 

(2014). Comorbidity of PTSD in anxiety and depressive disorders: prevalence and 

shared risk factors. Child Abuse & Neglect, 38(8), 1320–1330. 

http://doi.org/10.1016/j.chiabu.2014.01.017 

Squire, L. R., & Chace, P. M. (1975). Memory functions six to nine months after 

electroconvulsive therapy. Archives of General Psychiatry, 32(12), 1557–1564. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

211$

$

Squire, L. R., & Slater, P. C. (1983). Electroconvulsive therapy and complaints of 

memory dysfunction: a prospective three-year follow-up study. The British 

Journal of Psychiatry!: The Journal of Mental Science, 142(Journal Article), 1–8. 

Stewart, L., Moher, D., & Shekelle, P. (2012). Why prospective registration of systematic 

reviews makes sense. Systematic Reviews, 1, 7. http://doi.org/10.1186/2046-4053-

1-7 

Stoppe, A., Louza, M., Rosa, M., Gil, G., & Rigonatti, S. (2006). Fixed high-dose 

electroconvulsive therapy in the elderly with depression: a double-blind, 

randomized comparison of efficacy and tolerability between unilateral and 

bilateral electrode placement. The Journal of ECT, 22(2), 92–99. 

Strain, J. J., Brunschwig, L., Duffy, J. P., Agle, D. P., Rosenbaum, A. L., & Bidder, T. G. 

(1968). Comparison of therapeutic effects and memory changes with bilateral and 

unilateral ECT. The American Journal of Psychiatry, 125(3), 50–60. 

Straus, S., & Moher, D. (2010). Registering systematic reviews. CMAJ!: Canadian 

Medical Association Journal, 182(1), 13–14. http://doi.org/10.1503/cmaj.081849 

Stromgren, L. S., & Juul-Jensen, P. (1975). EEG in unilateral and bilateral 

electroconvulsive therapy. Acta Psychiatrica Scandinavica, 51(5), 340–360. 

Taylor, M. A., & Abrams, R. (1985). Short-term cognitive effects of unilateral and 

bilateral ECT. The British Journal of Psychiatry!: The Journal of Mental Science, 

146(Journal Article), 308–311. 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

212$

$

Tew, J. D., Jr, Mulsant, B. H., Haskett, R. F., Dolata, D., Hixson, L., & Mann, J. J. 

(2002). A randomized comparison of high-charge right unilateral 

electroconvulsive therapy and bilateral electroconvulsive therapy in older 

depressed patients who failed to respond to 5 to 8 moderate-charge right unilateral 

treatments. The Journal of Clinical Psychiatry, 63(12), 1102–1105. 

The UK ECT Review Group. (2003). Efficacy and safety of electroconvulsive therapy in 

depressive disorders: a systematic review and meta-analysis. The Lancet, 

361(9360), 799–808. http://doi.org/10.1016/S0140-6736(03)12705-5 

Tonelli, M., & Guyatt, G. (2016, July 1). The Role of Experience in an Evidence-Based 

Practice. Retrieved July 3, 2016, from 

https://themedicalroundtable.com/article/role-experience-evidence-based-practice 

Tonelli, M. R. (2011). Integrating clinical research into clinical decision making. Annali 

dell’Istituto Superiore Di Sanità, 47(1), 26–30. 

http://doi.org/10.4415/ANN_11_01_07 

Tor, P.-C., Bautovich, A., Wang, M.-J., Martin, D., Harvey, S. B., & Loo, C. (2015). A 

Systematic Review and Meta-Analysis of Brief Versus Ultrabrief Right Unilateral 

Electroconvulsive Therapy for Depression. The Journal of Clinical Psychiatry, 

76(9), e1092–1098. http://doi.org/10.4088/JCP.14r09145 

Torrent, C., Martínez-Arán, A., Daban, C., Sánchez-Moreno, J., Comes, M., Goikolea, J. 

M., … Vieta, E. (2006). Cognitive impairment in bipolar II disorder. The British 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

213$

$

Journal of Psychiatry: The Journal of Mental Science, 189, 254–259. 

http://doi.org/10.1192/bjp.bp.105.017269 

Trivedi, M. H., Rush, A. J., Wisniewski, S. R., Nierenberg, A. A., Warden, D., Ritz, L., 

… STAR*D Study Team. (2006). Evaluation of outcomes with citalopram for 

depression using measurement-based care in STAR*D: implications for clinical 

practice. The American Journal of Psychiatry, 163(1), 28–40. 

http://doi.org/10.1176/appi.ajp.163.1.28 

Tunca, Z., Bayn, M., Alkn, T., Özerdem, A., Resmi, H., & Akan, P. (2015). A 

Preliminary Observation of Increased Glial Cell Line-Derived Neurotrophic 

Factor in Manic Switch due to Electroconvulsive Treatment in Depressive 

Patients. The Journal of ECT, 31(3), 167–172. 

http://doi.org/10.1097/YCT.0000000000000198 

Warden, D., Rush, A. J., Trivedi, M. H., Fava, M., & Wisniewski, S. R. (2007). The 

STAR*D Project results: a comprehensive review of findings. Current Psychiatry 

Reports, 9(6), 449–459. 

Wagner, S., Doering, B., Lieb, K., & Tadic, A. (2012). A meta-analysis of executive 

dysfunctions in unipolar major depressive disorder without psychotic symptoms 

and their changes during antidepressant treatment, 281–292. Acta Psychiatr Scand 

125: 281–292.  http://doi.org/10.1111/j.1600-0447.2011.01762.x 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

214$

$

Weeks, D., Freeman, C. P., & Kendell, R. E. (1980). ECT: III: Enduring cognitive 

deficits? The British Journal of Psychiatry!: The Journal of Mental Science, 

137(Journal Article), 26–37. 

Whiteford, H. A., Ferrari, A. J., Degenhardt, L., Feigin, V., & Vos, T. (2016). Global 

Burden of Mental, Neurological, and Substance Use Disorders: An Analysis from 

the Global Burden of Disease Study 2010. In V. Patel, D. Chisholm, T. Dua, R. 

Laxminarayan, & M. E. Medina-Mora (Eds.), Mental, Neurological, and 

Substance Use Disorders: Disease Control Priorities, Third Edition (Volume 4). 

Washington (DC): The International Bank for Reconstruction and Development / 

The World Bank. Retrieved from 

http://www.ncbi.nlm.nih.gov/books/NBK361944/ 

Williams, L. M., Goldstein-Piekarski, A. N., Chowdhry, N., Grisanzio, K. A., Haug, N. 

A., Samara, Z., … Yesavage, J. (2016). Developing a clinical translational 

neuroscience taxonomy for anxiety and mood disorder: protocol for the baseline-

follow up Research domain criteria Anxiety and Depression (“RAD”) project. 

BMC Psychiatry, 16, 68. http://doi.org/10.1186/s12888-016-0771-3 

World Health Organization. (2008). Global Burden of Disease: 2004 Update. Geneva: 

World Health Organization. 

 

 

  



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

215$

$

 

 

 

 

 

 

 

 

 

APPENDIX 

  



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

216$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

217$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

218$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

219$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

220$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

221$

$



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

222$

$

 

 



PhD Thesis – C. Oremus                                             McMaster University - Neuroscience 

223$

$

PIMM – Steps to Inform the Patient about the Study  
 
 

1. Confirm that the attending physician has determined the patient is suitable to take 
part in the PIMM study. 

 
2. Provide the patient with the following information about the Partnership in 

Medication Management (PIMM) study: 
 

• The PIMM study investigates whether a novel personalized medication 
training (PIMM/SAM) for persons with mood disorders (depression and 
bipolar disorders) will help them take their medications as prescribed by 
their doctor.  

 
• The PIMM/SAM training program will include personalized education to 

improve persons' knowledge regarding their medication's purpose, dosage, 
benefits, and side effects.  

 
• The ultimate purpose of the PIMM/SAM training is to improve medication 

adherence, quality of life and decrease the number of re-hospitalizations in 
persons with mood disorders. 

 
3. Ask the patients if s/he is interested in hearing more about the study. If so, 

provide the patient with the PIMM brochure. 
 

4. Continue following the steps on the PIMM - Steps for Clinical Staff document. 
 
 
Please write below any comment/suggestion regarding informing the patient about the 
PIMM study: 
 
 
 
 
  

 
 
 
 
 
 
 

Many thanks, 
 
 
The PIMM Research Team 
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PIMM - Steps for Clinical Staff 
 

Please follow each step and answer the questions/fill in the blanks. Please add the 
date when the step was completed. 

 
1. When the patient is admitted in the Mood Disorders Program (MDP) inpatient 

unit, the nurse most responsible for the patient will administer the MOCA.  
 

• MOCA completed by:_______________________       Date:______________ 
 

2. The attending physician will review the MOCA and decide if the patient is 
clinically and cognitively suitable to take part in the PIMM study.  
 
• Reviewed MOCA & decided patient’s suitability for the  

study________________________                             Date:______________ 
 

3. If the patient is suitable, the nurse and/or attending physician will inform the 
patient about the Partnership in Medication Management/Self-Administered 
Medication (PIMM/SAM) study (please see the PIMM - Steps to Inform the 
Patient about the Study document [attached]) and ask whether s/he is interested 
in hearing more about the study.  
 
• Completed by______________________                      Date:_____________ 
 

4. The nurse will contact the research team to advise them that the patient would 
like to hear more about the study. The primary research team contact is: Dr. 
Carolina Oremus (coremus@stjoes.ca; ext. 36326). Back-up coverage will be 
provided by Laura Garrick (x 35409). 
 
• Completed by______________________                       Date:_____________ 

 
5. A research staff member will then approach the patient to describe the study and 

obtain informed consent for participation in the study.  
 
• Completed by______________________                       Date:_____________ 
 

6. The research team member will inform the clinical team that the patient has 
consented to the study and will place a copy of the consent form in the patient’s 
chart. 
 
• Completed by______________________                       Date:_____________ 

   
7. The patient’s nurse will obtain the participant’s randomized group assignment 

(PIMM/SAM or standard prescribing practice [SPP]) by calling Laura Garrick (x 
35409), who will be blinded to participant identifiers and diagnosis (Dr. Carolina 
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Oremus will conduct the data analyses and will be blinded to the participant’s 
randomized group assignment). Laura Garrick will notify Dr. Colleen Merrifield 
that a new patient has been enrolled in the PIMM study.  
 
• Completed by______________________                       Date:_____________ 
 

8. The nurse will write the participant’s randomized group assignment on the sheet 
provided in the chart and put it in the envelope provided in the chart. The 
randomized group assignment should be kept in the envelope provided to ensure 
that Dr. Carolina Oremus remains blinded to the patient’s allocation group.  
 
• Completed by______________________                      Date:_____________ 

 
9. Baseline testing for the PIMM study will be initiated. Drs. Carolina Oremus or 

Colleen Merrifield (back-up coverage) will schedule an appointment on the unit to 
administer the Mini-International Neuropsychiatric Interview (MINI) and provide 
the patient with copies of the self-report measures. In the event that the patient 
reports suicidality on the MINI and/or the Beck Depression Inventory, this is 
reported by research staff to the nurse most responsible for the patient. The 
nurse is responsible for communicating this information to the attending 
psychiatrist and the patient’s response on the MINI and/or BDI is documented on 
the chart.   
 
• Interview completed by______________________       Date:_____________ 

   
10. Dr. Colleen Merrifield will be responsible for administration of the Repeatable 

Battery for Assessment of Neuropsychological Function (R-BANS). Dr. Colleen 
Merrifield will be blinded to the participant’s randomized group. She will contact 
the unit to schedule an appointment to administer the measures and will 
document the results of this assessment on the patient’s inpatient chart.  

 
• RBANS administered by______________________      Date:_____________ 

 
11. If the patient is assigned to the SPP group, the nurse will follow the standard 

prescribing practice; medication administration will proceed as usual. If your 
patient is assigned to the PIMM group: 

 
PIMM/SAM: First Day 

1. The nurse, physician and patient will discuss when and how the patient takes 
his/her medications at home (i.e., with a meal), how the patient’s pharmacist 
dispenses his/her medications (i.e., blister pack), and what reminders normally 
work to assist him/her in remembering to take his/her medications at home. 

 
• Completed by______________________                      Date:_____________ 
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• Completed by______________________                      Date:_____________ 
 

• Medication dispensing 
method________________________________________________________ 

 
______________________________________________________________ 

 
• Reminders:____________________________________________________ 

______________________________________________________________ 
 

2. The nurse will call the patient’s community pharmacist to confirm how the 
patient’s medications are dispensed (e.g., blister pack). 
 
• Completed by______________________                      Date:_____________ 

 
 

3. The nurse will phone the hospital pharmacist and communicate how the patient’s 
medications are dispensed when the patient is home. The nurse and pharmacist 
will ensure (whenever possible) that the medications are dispensed to the patient 
in the same manner as the medications would be dispensed when the patient is 
home.   

 
• Completed by______________________                      Date:_____________ 
 
• Pharmacist’s name___________________ 

 
4. The nurse will work with the patient to determine what time of day and how s/he 

will be taking his/her medications while in hospital. 
 
• Completed by______________________                       Date:_____________ 

 
5. The nurse will meet with the patient at the medication education room to teach 

him/her about his/her medications, including identifying what medication s/he will 
be taking, the dosage of medication, what each medication is for, the importance 
of taking the medication as prescribed, benefits and medication side effects.  
 
• Completed by______________________                       Date:_____________ 

 
6. The nurse and the patient will establish reminders (e.g., note on whiteboard in 

room, alarm clock, notebook with medication information) that will assist him/her 
in remembering to take his/her medications while in hospital. The PIMM research 
team will provide the patient with a notebook. The nurse will encourage or remind 
the patient to take notes during any teaching session. 
 
• Completed by______________________                       Date:_____________ 
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• Notebook provided by:______________________         Date:_____________ 

 
• Reminders_____________________________________________________

_____ 
 

______________________________________________________________
_____ 

 
7. The nurse will explain the patient that starting tomorrow, s/he will take 

responsibility for approaching you at the established time(s) to take his/her 
medications. 
 
• Completed by______________________                       Date:_____________ 

 
 
 
 
 
 
Subsequent Days 

1. The patient will go to the nurse station and notify the nurse that it is time to take 
his/her medications. This responsibility falls to the patient and not to the nurse. If 
the patient forgets to take a medication, the nurse will need to remind the patient. 
The nurse and physician will establish the window of time for when the nurse 
should remind the patient to take his/her medications.  
 

2. The time at which the patient: i) notifies you that it is time to take the medication 
or ii) the nurse gives a reminder will need to be charted and recorded on the 
PIMM -Record Sheet. 

 
3. Once the patient notifies the nurse or the nurse reminds the patient that it is time 

to take the medication, the nurse and the patient will attend the teaching 
medication education room. The nurse will verify/ask the patient to have his/her 
notebook with him/her before going to the teaching medication education room.  

 
4. At the teaching medication education room, the nurse will take out the patient’s 

medication drawer and give it to him/her. 
 

5. Once the patient has the medication drawer, s/he will take out his/her 
medications (choosing correct bottles, etc.), and indicate the dosage, purpose, 
benefits and side effects of each medication and identify any changes in 
medication or dosage. Then, the nurse will record the patients’ knowledge 
concerning his/her medications on the patient’s chart and recorded on the PIMM -
Record Sheet. 
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6. Also, the nurse will be required to complete the PIMM Checklist for staff each 
time the patient takes his/her medication. 
 

7. If the patient does not know the dosage or purpose of these medications, then the 
nurse will be required to provide him/her with this information and to answer any 
questions the patient may have about his/her medication. 
 

8. The nurse will monitor and document on the chart and the PIMM-Record Sheet, 
whether or not the patient takes his/ her medication correctly. The nurse will 
intervene only if the patient makes an error and will then provide re-education.   
 

9. Re-education will also be provided each time a medication change occurs. The 
next time a supervised medication administration occurs, the nurse will record on 
the chart and on the PIMM -Record Sheet, whether or not the patient recalls that 
a medication change has been made, the nature of the change (e.g., increase/ 
decrease in dosage; change in medication) and why. 

 
SAM 

1. Patients will transition to SAM once the clinical team feels that no further 
medication changes are required. 
 

2. In this model, the patients will be required to notify you when it is time to take 
their medications, where their medications are, dosage, purpose, and how to take 
them. 
 

3. SAM is also the model that the participants will follow after discharge. The nurse 
and the patient will discuss where does s/he keeps his/her medication, the how is 
the medication administered, when should the medication be taken and the use 
of reminders at home (e.g. alarm clock, notebook with medication information). 
 

SPP 
If the patient is assigned to the SPP group: 

1. The patient will receive the same standard care that the patients not participating 
in this study do.  
 

2. Study participants will not receive a personalized medication training 
(PIMM/SAM). 
 

3. The nurse will administer the patient’s medications. However, patients are 
encouraged to ask you any questions regarding his/her medications.  

 
4. Patients in the SPP group, will not be provided with any tool to help them to 

remember when to take their medications. In this model, the nurse will administer 
the medications as prescribed by the clinical team. The nurse will record the 
patient’s knowledge regarding his/her medications on the patient’s chart and on 
the PIMM - Record Sheet. 
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Before discharge 

1. A week prior to the patient’s anticipated discharge, the patient’s nurse will contact 
Dr. Carolina Oremus (coremus@stjoes.ca or x 36326) or Laura Garrick (x 
35409), to notify the research team of the patient’s upcoming discharge day.  
 
• Completed by______________________                       Date:_____________ 
 

2. Drs. Carolina Oremus or Colleen Merrifield (back-up coverage) will schedule an 
appointment on the unit. The appointment will take place two days before 
discharge. During this appointment, Drs. Carolina Oremus or Colleen Merrifield 
(back-up coverage) will conduct the follow up interview and provide the patient 
with the PIMM package of scales. In the event that the patient reports suicidality 
on the Beck Depression Inventory, this is reported by research staff to the nurse 
most responsible for the patient. The nurse is responsible for communicating this 
information to the attending psychiatrist and the patient’s response on the BDI is 
documented on the chart.   
 
• Completed by______________________                       Date:_____________ 
 

Broad overview: In addition to measuring patient's ability to recall the time at which their 
medication should be taken (at approximately the same time each day; time determined 
by the patient), the PIMM research team will also administer the MINI and a package of 
scales that will measure cognition, depression and anxiety symptoms, quality of life, 
medication adherence, beliefs about medication, general self-efficacy, and some aspects 
of the psychiatrist-patient relationship. The PIMM research team will administer these 
instruments at baseline, two days before discharge and at the following post-discharge 
times: one week, one month, three months, six months, and 12 months. The PIMM 
research team will also keep track of the reminders that patients use to help them 
remember to take their medications and use this information to build reminders into our 
program (e.g., alarms, white board, notebooks, etc.). 
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PIMM Checklist – Goals for Study Participants 
 
 

1. Working with my clinical team to discuss when and how I take my 
medications at home (e.g., blister pack) and what reminders normally work 
to assist me in remembering to take my medications at home. 

 
2. Meet with my clinical team to learn about my medications, including 

identifying what medication I will be taking, the dosage of medication, what 
each medication is for, and medication side effects. 
 

3. Working with my clinical team to determine what time of day and how I will 
be taking my medications while in hospital 
 

4. Working with my clinical team to establish reminders (e.g., note on 
whiteboard in room, alarm clock, notebook with medication information) 
that will assist me in remembering to take my medications while in 
hospital.  
 

5. Follow the steps of the PIMM Checklist everyday 
 
6. Taking personal responsibility for approaching my nurse at the established 

time(s) to take my medications 
 

7. Taking personal responsibility for notifying to my nurse, each time I take 
my medication:  

 
i) What medications I am taking 

 
ii) Why I am taking each medication 

 
iii) How and when I should take my medication 

 
iv) If any, ask the nurse questions regarding my medication 
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PIMM Checklist – Steps for Study Participants 
 

 

1. Go to the nurse station and notify the nurse that it is time to take your 
medication 
 

2. With the nurse, go to the teaching medication education room  
 

3. Take your medication drawer and identify the medication you need to 
take 

 
4. Discuss how and when to take this medication  

 

5. Discuss the needed medications dosage and purpose 

 

6. Discuss the medications side effects 

 

7. If any, discuss any changes in your medication 

 

8. Discuss any further concerns with your nurse 

 

9. Take medication  

 

10. Use your notebook, for any concerns, questions or reminders about 

your medication 

 

11.  Prepare your reminders (e.g., note, alarm clock) for your next 

medication time 

!
!
!
!
!
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PIMM Document Administered by: Date: 
1. PIMM - Steps for Clinical Staff 

 # #

1. PIMM – Steps to Inform the Patient 
about the Study 

#
# #

2. PIMM Checklist – Goals and Steps for 
Study Participants 

#
# #

3. PIMM-Record Sheet 
# # #

Scale Administered by: Date: 
1. Montreal Cognitive Assessment 

(MOCA) 
 

# #

2. Mini-International Neuropsychiatric 
Interview (MINI) 
 

# #

3. Beck Depression Inventory-II (BDI-II) 
# # #

4. Beck Anxiety Inventory (BAI) 
# # #

5. Medication Adherence Rating Scale 
(MARS) 

#
# #

6. Beliefs about Medicines 
Questionnaire (BMQ)  

#
# #

7. Short Form 36-Health Survey (SF-36)  
# # #

8. Revised Helping Alliance 
Questionnaire for Treatment with 
Psychiatrists (HAQ-PC) 

#

# #

9. General Self-Efficacy Scale (GSE) 
 # #

10. Multiscale Dissociation Inventory 
(MDI)  
 

# #

11. Repeatable Battery for the 
Assessment of Neuropsychological 
Functioning (RBANS) 
 

# #

Extras Administered by: Date: 
PIMM-Brochure 
 # #

Group Allocation  
 # #

Envelope 
 # #
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