
 

 

 

 

 

HEART RHYTHM CHANGES IN EATING DISORDERS 

by 

 

Mikyla Janzen 

 

B.Sc.H., Queen’s University, 2014 

 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF 

THE REQUIREMENTS FOR THE DEGREE OF 

 

MASTER OF SCIENCE 

in 

THE FACULTY OF GRADUATE AND POSTDOCTORAL STUDIES 

(Experimental Medicine) 

 

THE UNIVERSITY OF BRITISH COLUMBIA 

(Vancouver) 

 

July 2017 

 

© Mikyla Janzen, 2017 



ii 

 

Abstract 

 

Anorexia nervosa (AN) is a complex psychiatric disorder with the highest mortality rate of 

any eating disorder. A subset of these deaths may be sudden and attributed to cardiac rhythm 

changes which may be present during acute AN. Specifically, the repolarization phase of 

each heartbeat, as visualized by the QT interval on electrocardiogram (ECG), has been 

suggested as a potential prognostic tool. In addition, many AN patients are prescribed 

psychopharmacotherapy to treat concurrent depression and/or anxiety which may accentuate 

ECG changes. 

Through four research studies, this thesis explored three hypotheses: 

1. Comprehensive cardiac testing is an effective and cost-efficient means of evaluation. 

2. Psychopharmacotherapy will alter the ECG in eating disorders 

3. Cardiac repolarization in AN will differ from healthy controls at rest and during 

exercise. 

In the first study, Hypothesis 1 was tested by means of a cost analysis of patients referred for 

inherited heart rhythm disorder evaluation. Analyses revealed multidisciplinary cardiac 

testing was effective and did not incur unreasonably high costs.  

Secondly, a retrospective case-control ECG review was conducted to evaluate Hypotheses 2 

and 3. The QT interval was not clinically different between eating disorder patients and 

healthy controls, but patients were more likely to show T-wave flattening or inversion on 

ECG, which have been previously associated with SUD risk.  

Thirdly, Hypothesis 3 was further analyzed through a systematic review and meta-analysis of 

the current literature surrounding the resting QT interval in AN. Again, there was no 

difference in the QT interval, but AN patients had greater QT dispersion (interlead difference 

on ECG) compared to controls. QT dispersion has also been linked to increased SUD risk. 

Finally, we are prospectively assessing the ECG during modified exercise in eating disorder 

patients to further explore Hypothesis 3. Preliminary data suggest QT dynamics as heartrate 

increases may be abnormal. 

Overall, it appears that the resting QT interval may not be a direct marker of SUD risk in AN. 

However, more subtle markers of repolarization abnormality such as T-wave changes and 
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QT dispersion may be superior at rest. During exercise, QT interval dynamics may regain 

relevance in assessing SUD risk.  
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Lay Summary 

 

Anorexia nervosa (AN) is a psychiatric disorder where individuals have extremely low body 

weight, are intensely afraid of gaining weight, and have a distorted body image. AN mostly 

affects adolescent females but is often a lifelong battle and has the highest mortality of any 

eating disorder. Some of these deaths may be caused by heart rhythm changes that can be 

seen before tragedy occurs; however, such changes have not been consistently reported in 

individuals with AN. The goal of this thesis was to improve our understanding of the heart 

rhythm changes that occur in anorexia nervosa at rest, during exercise, and throughout 

treatment. To do this, we analyzed the costs of similar heart conditions, reviewed the current 

research on the topic, and assessed local adolescent and adult patients. The results suggest 

that heart rhythm changes play a minor role in the small but concerning risk of death in AN. 
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Chapter 1: Introduction 

 

Eating disorders (ED) are prevalent psychiatric disorders that carry an increased risk of 

death, specifically in individuals diagnosed with Anorexia Nervosa (AN). Up to a third of 

deaths in AN may be sudden and attributed to cardiac causes, but risk factors and clinical 

practice in the face of cardiac mortality are not well defined. The work in this thesis aims to 

better define the cardiac electrophysiology changes observed in eating disorders and their 

risk of sudden death, or lack thereof. Specifically, we will describe costs associated with a 

similar multidisciplinary evaluation, perform a systematic review of current literature, 

analyze the electrocardiograms (ECGs) of individuals with AN during the acute phase and 

throughout clinical and pharmacological treatment, and present preliminary data of the use of 

a novel ECG recording. 

 

1.1 Cardiac Electrophysiology and the Electrocardiogram 

Each cardiac beat is the result of an electrical stimulation of each cardiac cell, leading to 

cellular contraction of muscle fibers. The impulse and following contractions are a result of 

ion movement across the cell membranes. The cardiac action potential describes the different 

phases of ion movement, from depolarization to repolarization of the membrane. The action 

potential corresponds to the cardiac cycle, in which the heart fills (diastole), contracts 

(systole), and relaxes back to baseline. Physicians and researchers are interested in cardiac 

electrophysiology as genetic or acquired changes in the cardiac cycle can predispose 

individuals to abnormal heart rhythms, or arrhythmias. 

 

The electrocardiogram (ECG) is a widely accessible clinical tool used to systematically 

assess cardiac electrophysiology. Positive and negative electrodes record the electrical 

activity of the heart to produce a tracing in reference to time and voltage. In current practice, 

the 12-lead ECG is performed with 10 electrodes placed on the chest and limbs to obtain 12 

vectors or viewpoints of the cardiac electric signal. The ECG is divided into different waves 

labelled alphabetically from P to T, each representing a different phase of the cardiac cycle. 

The P wave, QRS complex, QT segment and T-wave are notable divisions of the ECG. There 
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is a multitude of information to be gathered from 12-lead ECG recordings throughout all 

stages of disease from health, to diagnostics, to surveillance. Arrhythmias are captured and 

characterized by the ECG. Although cardiac risks in eating disorders have been described for 

decades, the ECG has not been systematically used across clinical practices throughout 

evaluation and treatment.  

 

1.1.1 Heart Rate 

The heart rate (HR), or pulse, describes the number of heartbeats per minute and is a useful 

diagnostic tool. Normal ranges for resting HR vary by age, sex, and athletic status, with 60 

beats per minute (bpm) accepted as a general standard norm. On ECG, the HR can be 

manually measured, but is calculated by automated computer algorithms to acceptable 

clinical accuracy in most conditions through normal range. A slow HR (bradycardia, 

typically <50 bpm) or fast HR (tachycardia, typically >100 bpm) can pose a multitude of 

issues, from fatigue to exercise intolerance to syncope. Bradycardia is widely observed in 

acute AN, but generally normalizes with weight gain and treatment2,3. 

 

In the setting of AN, HR variability (HRV) is also of interest as a potential marker of cardiac 

comorbidity4-6. HRV is the variability in the time between each heart beat and an indirect 

marker of autonomic activity. Low HRV may independently represent an increased risk of 

sudden cardiac death. 

 

1.1.2 Cardiac Repolarization & the QT Interval 

The divisions of the ECG represent events in the cardiac cycle; in eating disorders and 

sudden death we are most interested in the QT interval, which represents cardiac 

repolarization. At the end of each cardiac action potential depolarization, the cardiomyocytes 

need to ‘recover’, or repolarize, to prepare for the next beat. During the repolarization phase, 

the ions that drive the cardiac cycle move in and out of the myocytes to reset electrochemical 

balances. While this is occurring, a new heartbeat cannot initiate. Cardiac repolarization is a 

clinically important predictor of arrhythmic risk, as a prolonged or shortened duration can 

precipitate potentially life-threatening arrhythmias7. As repolarization prolongs, abnormal 
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premature beats (early and late after depolarizations) may lead to arrhythmias or cardiac 

arrest.  

 

The QT interval is an inverse function of HR and is generally measured on ECG from the 

onset of the QRS complex to the end of the T-wave, or its return to baseline voltage; this 

translates into the duration of ventricular repolarization (since depolarization is generally 

fixed). Accepted upper-limit norms vary by sex: QT intervals longer than 440msec in men or 

460msec in women are defined as prolonged. A 20 msec borderline window is often applied 

above these cutoffs. Generally, a QT interval below 350ms is regarded as abnormally short.  

 

Genetic conditions, drugs, and electrolyte imbalances can alter the QT interval; when 

shortened or lengthened outside normal range, the risk of arrhythmia is dramatically 

increased7,8. The activity of cardiac potassium and sodium channels govern QT interval 

duration, so this measurement is influenced by altered serum electrolytes. As such, the 

arrhythmic risk of altered serum electrolytes plays a large role in the clinical practice of 

routine bloodwork in ED, especially in the setting of binge/purge behavior and during 

refeeding. 

 

1.1.2.1 QT Correction Formulae 

As the QT interval is highly dependent on the heart rate, standardized formulae to correct and 

compare values are needed (corrected QT interval, QTc). These values are functionally 

corrected to a heart rate of 60 bpm, or 1 beat per second (1 Hz). Currently, the most widely 

used formula is Bazett’s formula (QTc=QT/RR, where the RR interval is measured in 

seconds on ECG preceding the QT interval); unfortunately, this correction formula is 

calibrated at 60 beats per minute and only adequate for a narrow HR range, with a linear 

relationship between a heart rate of 50 and 100 bpm in healthy controls 9,10. This becomes 

highly relevant in patients with acute AN as pronounced bradycardia is more often present 

than not. The Framingham and Fridericia formulae are regarded as more accurate at a wider 

range of HR, and uptake in clinical settings is becoming more common, but not yet standard 

practice. 
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1.1.3 Sudden Cardiac Arrest and Death 

The ECG has been extensively described in settings of sudden cardiac arrest (SCA) and 

sudden unexpected death (SUD), and is often used to help predict risk of a cardiac event11,12. 

Most notably, repolarization changes can increase the risk of ventricular arrhythmias. These 

arrhythmias, in turn, can lead to cardiac arrest or death. In some cases, precipitating 

symptoms, such as syncope or palpitations, can initiate investigation and the ECG may reveal 

risk factors for SCA and SUD. For example, in the congenital Long QT Syndrome (LQTS), a 

prolonged QT interval at rest or during exercise correlates to increased risk of SCA or SUD. 

As such, this risk can be managed through lifestyle modifications or medications. However, 

SCA may be the first sign of malady: in these cases, an ECG immediately preceding or 

following the arrest can be extremely clinically helpful in reaching a diagnosis and 

determining the cause of the event. The presence of prolonged QT in eating disorders is 

inconsistently reported, questioning the role of the ECG in assessing the risk of SCA and 

SUD in this population2. 

 

1.2 Eating Disorders 

Eating disorders (ED) are psychiatric disorders with significant associated morbidity and 

mortality. Subclasses of ED include Anorexia Nervosa (AN), Bulimia Nervosa (BN), Binge-

Eating Disorder (BED), and Other Specified/Unspecified Feeding and Eating Disorders 

(OSFED/UFED). AN is characterized by low weight and an intense fear of weight gain, and 

is the least common but most deadly ED 13,14. BN and BED are defined by periods of binge-

eating; the difference lies in counteracting purge behaviours in BN, such as the use of 

laxatives or self-induced emesis. OSFED/UFED, previously combined and referred to as 

Eating Disorders Not Otherwise Specified (EDNOS), is a “catchall” diagnosis to include 

clinically significant disordered eating which may not satisfy diagnostic criteria for another 

subclass. The major focus of this thesis is AN, with a minor focus on the catchall ED 

diagnoses (EDNOS and OSFED/UFED). 
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1.2.1 The Diagnostic and Statistical Manual of Mental Disorders 

The Diagnostic and Statistical Manual of Mental Disorders (DSM) outlines the standardized 

guidelines used to categorize and diagnose ED15,16. The fifth and current edition (DSM-V), 

produced by the American Psychiatric Association, was published in 2013. Thus, researchers 

and clinicians are currently in a transition period between the previous fourth, text-revised 

(DSM-IV-TR; published in 2000) and DSM-V, as studies published and conceptualized with 

DSM-IV-TR criteria and definitions are still relevant.  

 

Notable changes from DSM-IV-TR to DSM-V include the removal of amenorrhea as a 

diagnostic criterion for AN and redefinition of the ‘catchall’ categories. Amenorrhea was a 

controversial diagnostic criterion as it was irrelevant to premenarchal females and all males, 

and mainly served as a point of exclusion, as opposed to providing diagnostic value. In 

addition, the catchall diagnosis, previously referred to as EDNOS (Eating Disorder Not 

Otherwise Specified), was redefined to OSFED (Other Specified Feeding or Eating Disorder) 

and UFED (Undefined Feeding or Eating Disorder). Both OSFED and UFED capture 

clinically significant disordered eating behaviours, with OSFED generally representing 

individuals whose symptoms/behaviours do not quite satisfy AN or BN and UFED capturing 

the remaining cases. With the introduction of DSM-V, the relative prevalence of EDNOS 

decreased compared to OSFED/UFED. The bulk of this transition is due to the formalization 

of Binge Eating Disorder in DSM-V; however, a subset of patients were reassigned 

diagnoses as a result of the relaxation of AN and BN criteria.  

 

As revisions to the DSM continue to be made, it is important for healthcare professionals to 

remain up to date on current diagnostic criteria. Although changing diagnoses may not be 

ideal for both clinicians and patients, this redefinition to move individuals out of the 

“catchall” categories can benefit treatment plans, forecast symptoms, and assist with patient 

identity17. 
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1.2.2 Incidence and Prevalence of Eating Disorders 

The true incidence and prevalence of ED are difficult to discern, as there are varying degrees 

of disease severity, studies present rates for different populations, and the age distribution of 

ED is heavily skewed towards adolescents. The majority of epidemiological data regarding 

ED incidence and prevalence hail from longitudinal European studies 18-21. The reported 

incidence of ED in males and females combined by age 24 ranges from 0.34-0.62 per 100 

individuals, with slight differences by diagnosis18. Since 1970, the population incidence of 

AN has remained relatively constant at 4.5-7.5 per 100,000 person-years 19,21,22. However, 

smaller studies have presented lifetime incidences as high as 104 per 100,000 person-years23. 

Adolescent incidence is significantly increased compared to the general population, with 

rates up to 490 per 100,000 person-years for broad AN.  

 

Over 40% of adolescents report disordered eating behaviors, while the combined female 

adolescent prevalence of any diagnosed ED is between 6-12% 22-25. Similar to incidence, the 

lifetime prevalence of ED varies by diagnosis. In part due to the greater range of diagnoses, 

from broad to narrow AN, reported AN prevalence has a relatively large range from 1-

4%20,22,23,26. With the redefinition of DSM-V criteria, diagnoses have been shunted into more 

specific eating disorder diagnoses, reducing the prevalence of catchall ED diagnoses. Forty-

eight to 64 percent of all eating disorders were diagnosed as ‘catchall’ via DSM-IV-TR; via 

DSM-V this now accounts for 16-39% of diagnosed ED 25,27. 

 

The vast majority of individuals affected by eating disorders are female. The lifetime 

prevalence of any ED in men is 0.3-0.7%, which is up to ten-fold lower than females20,26,28. 

Although reports of increasing male ED prevalence have surfaced, it is most likely that this 

rising prevalence is due to gained publicity and awareness and true epidemiology has 

followed the stability of female cases29. It is widely accepted that 20% of all ED cases are 

men. Further, adolescents are at highest risk of ED, with peak age of onset reported between 

15-20 years of age23. This high-risk age group represents up to 40% of all cases of AN, with 

similar distributions in other ED21. 
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1.2.3 Mortality 

The mortality of the catchall diagnoses (EDNOS/OSFED/UFED) is difficult to discern and 

interpret, as symptoms and severity may differ greatly between patients. Nonetheless, the 

standardized mortality ratio (SMR) for EDNOS was estimated at 1.92, suggesting individuals 

are at an increased risk of death compared to the general population30. 

 

AN has the highest mortality of the eating disorders, and is the third leading cause of death in 

adolescent females13,14,28. Suicide accounts for 20-32% of deaths in this population; however, 

natural causes of death as a result of severe starvation also occur30. The SMR in all females 

with hospitalized AN was reported as 6.3 in a study of over 6000 females, and a meta-

analysis of 36 studies reported an SMR of 5.8613,30. Reported SMR values reflect slightly 

different study populations as researchers do not always define identical sample/diagnostic 

parameters, making direct comparisons non-ideal. Nonetheless, a steady decline in annual 

risk was observed over 20 years of follow-up from first hospitalization, with a reduction in 

SMR from 19.3 to 3.5 at less than one to over twenty follow-up years13. One-third of 

reported AN-related deaths are attributed to cardiac causes (SMR 2.3), with many of these 

deaths occurring suddenly and unexpectedly (SUD)13,31,32. An autopsy study did not find 

conclusive structural evidence of pathology, suggesting the mechanism of death is ventricular 

arrhythmias stemming from abnormalities in cardiac electrophysiology that pose risk32. 

 

1.3 Anorexia Nervosa 

DSM-V lists three diagnostic criteria for AN: 

A. Significantly low body weight (less than minimally normal or expected) due to a 

restriction of energy intake relative to requirements 

B. Intense fear of gaining weight or persistent behaviors to interfere with weight gain 

C. Distorted body image, influence of body weight or shape on self-evaluation, or 

consistent lack of acknowledgement of low body weight 

 

Previous versions of the DSM specified Estimated Body Weight (EBW) or Body Mass Index 

(BMI; kg/m2) values to satisfy the criterion of ‘significantly low body weight’. However, a 
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standardized formula for calculating EBW was not specified and BMI is not a completely 

accurate assessment of body weight status, leading to non-standardized and possibly 

inaccurate diagnoses33. Similar to other ED, adolescent females are at the greatest risk of 

developing AN. Subpopulations, such as dancers, appear to be at higher risk of AN than 

other adolescent females34. Although the onset of AN typically occurs in adolescence or early 

adulthood, chronic AN can last a lifetime.  

 

1.3.1 Sub-classifications of Anorexia Nervosa 

The DSM-V Diagnostic Criteria apply to all individuals diagnosed with AN, but symptoms 

and behaviors can be further classified into Restrictive (AN-R), Binge-Eating/Purge (AN-

BP) types. Generally, AN-R includes individuals whose low body weight is due to restriction 

of food intake and/or excessive exercise. Conversely, AN-BP includes individuals who have 

participated in binge-eating or purging behaviors in the past 3 months, including self-induced 

vomiting, or misuse of laxatives, or enemas. Behaviorally, AN-BP individuals may closely 

resemble those with BN, although the DSM-V diagnostic criteria differ.  

 

A further sub-classification of AN is included in OSFED diagnoses by DSM-V: atypical AN. 

In atypical AN, individuals meet Criteria B and C, but maintain a normal or above normal 

body weight despite significant weight loss. 

 

1.3.2 Anorexia Nervosa in Society 

In Western society, thin bodies and low body weight are often celebrated; in the midst of an 

obesity epidemic, this may be beneficial in promoting healthful behaviors. However, this is 

not always the case. The societal glorification of low body weight can trigger psychological 

tendencies towards the development of AN35. In the fashion industry, models are expected to 

maintain dangerously low body weights and put disproportional value on physical 

appearance, potentially increasing environmental risk for AN; reform has begun in countries 

such as France and Italy, but resistance to lower weight limits has been dominant in North 

American modelling agencies36,37. Although ED and AN are generally regarded as “Western” 

conditions, the scope of these psychiatric disorders is worldwide. Pike et al. have outlined the 
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emergence of ED in Asia, and argue that although Western influence in the spike of ED 

prevalence is likely, culture-specific reactivity has also played a role in ED development and 

unique subtype tendencies 38,39.  

 

1.3.3 The Risk Factors for Developing Anorexia Nervosa 

The risk factors for developing Anorexia Nervosa are intertwined among nature and nurture; 

causative events are difficult to identify as a mix of genetic and environmental aspects often 

lead to the onset of AN.   

 

The potential genetic component to developing AN has gained recent traction in the research 

realm. Machine learning studies are in their infancy, but provide immense potential in 

deciphering the complex polygenomics of AN and ED40. Nonetheless, the notion of familial 

AN is supported by studies examining relative risk and heritability, a measure of the genetic 

influence on certain phenotypes. For first-degree female relatives of females with AN, the 

relative risk is 11.341,42. Given the female preponderance of AN, these values are difficult to 

calculate in men, but it is hypothesized that the risk of AN in first-degree male relatives of 

affected individuals is also elevated, albeit likely to a lesser degree. The heritability of AN is 

estimated at 0.56-0.74; however, it is important to note that heritability calculations are 

extremely sample-dependent and can varying greatly by geographic location and age26,43. 

Nonetheless, evidence of a genetic component of AN has been demonstrated and further 

research is expected. 

 

One’s immediate situational environment also appears to play a significant role in the onset 

of AN. Research into the etiology and risk factors for AN was redefined in the late 1990’s by 

a series of studies that utilized the Oxford Risk Factor Interview, a methodological tool 

superior to those used in previous studies 44-47. A 2008 study by Pike et al. identified 

correlated precipitating events to onset of AN 35. Within the year prior to AN diagnosis, 

individuals were more likely to have experienced physical abuse or critical comments about 

shape, weight, or eating compared to individuals with no psychiatric diagnosis or a different 

psychiatric diagnosis, respectively. Perfectionism has been well linked to the development 



10 

 

and etiology of AN; it has recently been suggested that those with high perfectionism 

personality traits were specifically more likely to develop AN-R over AN-BP35,44,48,49. In 

contrast, a history of sexual abuse was more likely in those with AN-BP35. 

 

1.3.4 Disease Course and Treatment  

The primary treatment goals in AN are weight gain and psychological recovery. Treatment 

plans are generally a combination of monitored food intake and individual and/or group 

cognitive behavioral therapy. Recovery durations vary greatly based on duration and severity 

of disease, patient characteristics, and other factors. Direct evaluation of weight restoration 

on disease parameters is complicated by the remission/relapse cycles observed in AN. The 

risk of relapse or non-recovery from acute AN is the highest of any ED, ranging from 30-

48%50-53. Only half of patients were fully recovered at 21-year follow-up52. These statistics 

are clinically important as they suggest an upstream treatment is needed to reduce risk of 

relapse and ultimately cure AN. Cognitive behavioral therapy and other psychotherapy 

approaches targeting the psychiatric components of AN have been used, but the ideal 

treatment plan is likely multidisciplinary and patient-specific54. 

 

1.3.5 Comorbidities and Systemic Manifestations of AN 

In comparison to the multisystem pathological manifestations observed in AN, the DSM-V 

diagnostic criteria are narrow. Notable additional manifestations of AN include serum 

electrolyte changes, mood disorders, cardiac abnormalities, substance abuse/addiction, Celiac 

disease, and diabetes; although these pathologies are not included in the diagnostic criteria, 

they still have a suspected link to AN behaviors and potential to complicate treatment and 

recovery20.  The hemodynamic, psychiatric, and cardiac comorbidities are of most interest in 

the scope of this thesis work. Generally, these abnormalities normalize with weight gain55-57. 

 

1.3.5.1 Serum Electrolyte Imbalance 

The most notable hemodynamic changes consistently observed in AN are reductions in 

serum electrolyte levels. Hypokalemia, hyponatremia, hypocalcemia, and hypomagnesemia 

are observed58. In AN, starvation is the most likely cause for these imbalances, but purging 
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behaviors such as emesis and laxative/diuretic misuse, may contribute. The degree of 

imbalance ranges greatly between patients and throughout treatment, making the prevalence 

of electrolyte imbalances difficult to quantify. Nonetheless, abnormalities are regarded as 

sufficiently common to encourage regular serum testing in acute AN and throughout 

refeeding to ensure restoration of electrolyte balance59,60. Abnormal electrolytes may play a 

role in subsequent comorbidities and manifestations of AN, notably with regards to cardiac 

electrophysiology. 

 

In addition, serum electrolytes may become imbalanced during treatment for AN, notably in 

Refeeding Syndrome (RFS). As the body has worked to maintain a level of starvation 

homeostasis in AN, the shock of treatment refeeding protocols can create multisystem 

imbalances and may even be fatal. Most often, the electrolyte imbalances can be neutralized 

without major complication but require careful clinical observation to reduce risk of adverse 

events or death61. Among these, electrolyte abnormalities in RFS are likely linked with an 

increased risk of cardiac arrhythmias58,62,63. Notably, hypokalemia may occur; as both 

electrolytes are intricately involved in the cardiac action potential, this may pose an 

arrhythmic risk. With careful observation, it does not appear that the risk of RFS adverse 

events is heightened with a higher caloric diet than previously recommended64. 

 

1.3.5.2 Mood Disorders 

Between 70-80% of individuals with AN are diagnosed with a concurrent mood disorder20,65. 

Depression and anxiety are the most commonly observed, suggesting a potential link in 

neuropathology, although this has yet to definitively described. The role of mood disorders in 

acute AN onset and disease course is unclear, as mood disorders have been reported to both 

precede and follow AN diagnosis65. Nonetheless, their presence in the majority of AN 

patients poses a common and complex conundrum for treatment plans.  

 

The main point of conflict, and thus research interest, regarding mood disorders in AN is 

related to the psychopharmacotherapies prescribed. Commonly prescribed medication classes 

include Selective Serotonin Reuptake Inhibitors (SSRIs), and Atypical Antipsychotics 
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(AAPs) for the treatment of depressive and psychotic symptoms, respectively. Weight gain 

has been observed in normal weight individuals taking AAPs, and a combinatory benefit of 

prescribing this class of medication in AN was postulated66-68. However, the findings have 

not been conclusive and current NICE (2004) and WFSBP (2011) guidelines do not support 

the use of SSRI or AAP for the purpose of weight gain or psychiatric treatment in AN69,70. 

Regardless, 53-84% of AN patients are prescribed psychopharmacotherapy at some point 

during treatment, in direct contrast to the current guidelines and evidence-based research71,72. 

This poses an issue on many fronts, from cost effectiveness to patient safety. As described 

below and in the results of this thesis, SSRI and AAP may have potentially harmful effects in 

AN and ED, increasing the risk of morbidity and mortality. 

 

1.3.5.3 Cardiac Abnormalities 

Cardiac abnormalities in AN are observed in up to 80% of cases and contribute to one third 

of deaths31. Common findings can be separated into two categories: structural pathology and 

altered cardiac electrophysiology. Notably, SSRI and AAP may exacerbate cardiac 

electrophysiology changes. A systematic review of cardiac changes in AN was published in 

2016, which outlines common cardiac abnormalities but also highlights the lack of evidence 

based causation for sudden death3. 

 

Structural pathologies include pericardial effusion and ventricular hypotrophy. Pericardial 

effusion, generally asymptomatic, is found in 22% of AN patients and normalizes with 

weight gain73. The etiology of these effusions is not well understood, but given the low 

symptom and complication rate, they are not generally regarded as clinically urgent. 

Secondly, decreased left ventricular mass is noted via echocardiography in as many as 93% 

of patients74-76. It is reasonable to speculate that the heart, as a muscle, reduces in mass, 

similar to the skeletal muscle mass in AN and starvation77,78. As the body returns to a more 

nourished state, the pericardial effusions resolve and the ventricular mass returns to normal 

56. 
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Current literature surrounding the cardiac electrophysiologic changes observed in AN are 

further described in Section 1.4 – Heart Rhythms in Anorexia Nervosa. In brief, electrolyte 

imbalances may alter the electrocardiogram (ECG) in AN, although these changes may also 

be present in the absence of hemodynamic abnormalities2,75. The most common ECG 

abnormalities, and the focus of this thesis work, are bradycardia (low heart rate) and QT 

interval changes 

 

1.4 Heart Rhythms in Anorexia Nervosa 

In the context of the relatively high prevalence of ED and AN, heart rhythms and arrhythmias 

are understudied and poorly characterized. Bradycardia is consistently described in AN, 

while the degree of QT interval changes, or lack thereof, are not consistently reported. 

 

1.4.1 Bradycardia 

Bradycardia is widely described during acute AN. Guidelines do not specify a specific HR 

threshold at which to admit patients to the hospital, but a 2014 survey of physicians most 

commonly noted a lower threshold of 40 beats per minute60. Yahalom et al (2013) reported 

70% of individuals with AN to have a resting HR below 50 beats per minute, while Padfield 

et al. (2016) did not find a difference in resting HR between adolescents with AN and healthy 

controls75,79. Regardless, a recent systematic review regarded bradycardia as the most 

consistent finding in AN, second to low weight3. Bradycardia is likely due to a multitude of 

factors, but heavily influenced by autonomic dysfunction and decreased basal metabolic rate 

as observed in starvation states80,81.  

 

1.4.2 QT Interval 

A consensus on the resting QT interval in AN has not been reached; both a 2008 meta-

analysis and 2016 systematic review reported non-conclusive evidence supporting shortened, 

normal, and lengthened QT intervals in individuals with AN compared to healthy controls2,3. 

Many studies are subject to the pitfall of inadequate QT correction formulae, as acute AN 

patients are bradycardic and Bazett’s formula calculates shorter QTc than physiologic at 

slower HR: this is most apparent in studies where the absolute QT interval is longer, but the 
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QTc is shorter compared to healthy controls82,83. As previously mentioned, the QT interval is 

dependent on serum electrolytes levels, but abnormal QT dynamics have also been noted in 

the absence of such irregularities56,75. In the event that QT interval abnormalities are present 

during acute AN, normalization with weight gain is usually observed84,85. Interestingly 

though, there is conflicting data regarding a correlative link between QT interval length and 

BMI83,86. 

 

In congenital Long QT Syndrome (LQTS), abnormalities in the QT interval may require an 

increase in HR, such as during exercise, to be unmasked. As a result, individuals with LQTS 

are generally at higher risk of arrhythmia during periods of high HR. The arrhythmic 

mechanism of LQTS is widely described as Torsade de Pointes, however this or any specific 

form of ventricular arrhythmia has not been consistently described in AN32,87. Padfield et al. 

(2016) hypothesized a similar relationship between the QT interval and exercise in AN, and 

described maladaptive repolarization dynamics during exercise in AN compared to healthy 

controls, despite similar baseline QT intervals75. This finding has clinical significance as 

healthy reintroduction to exercise is a hallmark of AN treatment wherein patient risk must be 

scrutinized. Further, Padfield et al. described abnormalities at submaximal HR, suggesting 

risk of arrhythmia does not exclusively exist at high-intensity exercise in AN. 

 

Similar to HR variability, irregularity in the QT interval can indicate an increased risk of 

arrhythmia; however, unlike HR variability, an increase in QT variability is pathologic. Also 

referred to as QT dispersion, this measurement is calculated as the difference between the 

leads with the longest and shortest QT intervals on a single 12-lead ECG. Day et al. (1990) 

described QT dispersion as a predictor of arrhythmia independent of QT interval in AN, and 

other studies have reported data in support of increased QT dispersion marking increased 

adverse risk88,89. 

 

1.5 Implications of Research 

This thesis work aims to better define cardiac electrophysiology in eating disorders, holding 

potential to impact the cardiac evaluations of patients with ED, specifically AN. Cost and 
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economic data presented in Chapter 2 lay groundwork and highlights the necessity for an 

AN-specific cost analysis of cardiac testing, and potential cost-effectiveness calculations 

when considering both non-invasive and invasive testing and procedures. Chapter 3 presents 

results from one of the largest case-control ECG analyses of adolescents with AN and 

EDNOS, and is the first extensive dataset analyzing the QT interval and other ECG 

parameters in the presence of psychopharmacotherapy. A systematic review focused solely 

on the QT dynamics in AN has never been completed; the review included in Chapter 4 will 

be a useful tool for clinicians to reference when assessing the QT interval in AN patients. 

Finally, the preliminary data presented in Chapter 5 proposes the utility of novel ECG 

recording devices with potential to incorporate long-term monitoring in outpatient AN 

populations. 

 

1.6 Overarching Hypotheses 

This thesis aims to improve our understanding of heart rhythms in AN and 

EDNOS/OSFED/UFED, and lay the foundation for formal risk stratification. We postulate 

the following three overarching hypotheses: 

1. Comprehensive cardiac testing is an effective and cost-efficient means of evaluation. 

2. Psychopharmacotherapies will alter the ECG in the setting of AN and 

EDNOS/OSFED/UFED. 

3. Cardiac repolarization in AN will differ from healthy controls and accepted norms at 

rest and during exercise. 
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Chapter 2: Cost Analysis of Patients Referred for Evaluation of Inherited 

Heart Rhythm Disorder 

 

2.1 Summary 

Background: Inherited heart rhythm disorders (IHRDs) are complex and uncommon 

arrhythmogenic conditions that can lead to sudden unexpected death in seemingly healthy 

individuals. Multidisciplinary programs can assist in the diagnostic testing of potentially 

affected individuals and their family members.  

 

Methods: Patients evaluated in a specialized adult and pediatric IHRD clinic between April 

2013 and February 2015 were characterized. The total costs per evaluation and diagnosis 

were calculated. Patients were divided according to referral indication (primary referral or 

family member).  

 

Results: A total of 618 patients were evaluated (age 36±21 years; 52% male), of which 274 

(44%) were primary referrals and 344 (56%) were family members referred for cascade 

screening. Overall, 47% had at least 1 follow-up visit. Patients had a median of 3 tests; 

primary referrals required more tests (4 vs 2; p<0.01). The median cost per patient was $1340 

CAD. Evaluation of the primary referrals was costlier than family members ($3096 vs $983; 

p<0.01). A definite or probable diagnosis was determined in 464 patients (77%), with no 

difference according to patient type (p=0.18). The total cost per diagnosis was $4021 in 

primary referrals compared with $1277 in family members (p<0.01). 

 

Conclusions: Clinical evaluation of patients with suspected IHRD results in a high diagnostic 

yield and costs aligned with other complex disorders involving multidisciplinary clinics. 

Evaluation costs are expectedly higher in primary referrals compared with targeted family 

screening.  

 

2.2 Introduction 

Inherited heart rhythm disorders (IHRDs) are uncommon and complex conditions that can 
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cause syncope, sudden cardiac arrest (SCA) and sudden unexpected death (SUD) in 

seemingly healthy individuals. A definitive IHRD diagnosis is often difficult because of test 

variability and the complexity of genetic underpinnings90-95. In addition to clinical testing, 

genetic sequencing can be helpful to identify a pathogenic variant and direct testing in 

potentially affected family members95. Unfortunately, a known pathogenic variant is 

found in less than half of IHRD families92,96,97. Arriving at the correct IHRD diagnosis is not 

straightforward, but is imperative to guide treatment, advise lifestyle changes, and assess 

risk.  

 

The 4 most common IHRDs are long QT syndrome, Brugada syndrome, arrhythmogenic 

right ventricular cardiomyopathy, and catecholaminergic polymorphic ventricular 

tachycardia. Each of these specific well described diagnoses have unique, but also 

overlapping clinical traits, which are further described in Appendix A.17,91,98,99.  

 

Because of the complex clinical and genetic components of IHRD, a thorough evaluation is 

required and includes the specialized multidisciplinary expertise of adult and pediatric 

cardiac electrophysiologists, genetic counsellors, pathologists, laboratory clinicians, and 

nurses. As recommended by the 2013 Heart Rhythm Society/European Heart Rhythm 

Association/Asia Pacific Heart Rhythm Society guidelines, patients with diagnosed or 

suspected IHRD should be evaluated at a dedicated IHRD clinic; the British Columbia 

Inherited Arrhythmia Program (BCIAP) was established in 2013 on these guiding 

principles91. The Cardiac Arrest Survivors with Preserved Ejection Fraction Registry 

(CASPER) has been led by multidisciplinary practices across Canada. In CASPER, patients 

with SCA/SUD and their first-degree family members were investigated, and it was shown 

that a systematic approach with phenotype-guided genetic testing can identify underlying 

IHRD11,12,96,100,101.  

 

Multidisciplinary IHRD clinics have improved awareness and management of primary cases 

of IHRD and the importance of cascade screening. As a result, more patients are evaluated 

for IHRD; this has led to an increased front-end cost for the health care system, balanced by 
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improved diagnosis and risk management102-105. Premature deaths might be prevented and 

result in a cost savings to society. The costs of comprehensive IHRD evaluation in a 

multidisciplinary clinic have not been formally reported or compared with other cardiac 

evaluations. We hypothesized that primary referrals would show more extensive and costly 

evaluations compared with family members, and that IHRD evaluation costs would compare 

favorably with other multidisciplinary clinics.  

 

2.3 Methods  

In 2013, the multidisciplinary BCIAP was founded in an effort to streamline assessment, 

diagnosis, and follow-up care of IHRD patients across sites in Vancouver and Victoria, 

British Columbia. Triage of referral information is directed by the genetic counsellor in 

consultation with the most responsible electrophysiologist. At the initial BCIAP visit, 

patients are seen by a genetic counsellor, electrophysiologist, and research staff. The team 

has access to a medical geneticist for consultation regarding genetic testing indications and 

interpretation (L.A., A.M.L.). The BCIAP team reviews the data, assesses which IHRD 

diagnosis might be present, if any, and arranges further clinical or genetic testing as indicated 

(Figure 2.1). As recommended by guidelines, follow-up and cascade screening of all first-

degree family members is advocated91,105. 

 

2.3.1 Patients  

Patients referred to the BCIAP in Vancouver, British Columbia, were included in this 

retrospective analysis of a prospectively enrolled observational cohort. Patients were 

classified as primary referrals or family members. Primary referrals were defined as those 

referred because of suspected IHRD without a previously known family history of IHRD or 

SCA/SUD. Family members were referred because of known or suspected family history of 

IHRD; the index case of each family (proband) was not always evaluated in the BCIAP. All 

data from patients evaluated between April 2013 and February 2015 were included. Criteria 

previously described by the CASPER investigators were used to categorize diagnoses as 

possible, probable, or definite (Table 2.1)11. The University of British Columbia research 

ethics board approved the study.  
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2.3.2 Evaluations  

For the purpose of this study, ‘test’ refers to any phenotypic or genetic test, ‘assessment’ 

refers to an initial or follow-up clinic visit, and ‘evaluation’ refers to both tests and 

assessments combined. The composition of evaluations reflects the unique circumstances of 

each patient and the clinical course that the BCIAP deemed most effective and efficient, in 

keeping with current guidelines94,95. Each patient had at least 1 electrocardiogram (ECG) 

followed by a more diagnosis-specific series of testing. Panel sequencing (> 1 loci) was only 

offered to patients who stood to gain substantial diagnostic and treatment benefit and/or for 

the purpose of allowing cascade screening; panels included 13±9 genes106. Asymptomatic, 

investigation-negative patients only underwent single-locus genetic testing if an actionable 

(i.e. pathogenic) variant was identified in a first-degree family member.  

 

2.3.3 Costs  

The cost for each test was on the basis of the fee schedule of the 2015 British Columbia 

Medical Services Plan (MSP; Table 2.2). In cases in which tests were not directly billed to 

MSP, the cost was calculated by combining MSP billing codes to create an equivalent. 

Clinical assessment costs included clerical fees, genetic counsellor assessment, physician 

assessment, and associated costs. Costs of implantable cardioverter defibrillator (ICD) 

implantation and device follow-up were not included, because these were not directly 

incurred by the BCIAP. Genetic testing was divided into panel or single variant testing. The 

authors deemed $2300 CAD a representative value for panel testing, and $250 CAD for 

variant- specific testing ($1700 and $185 US and 1605 and 175 Euros, respectively, as of 

November 25, 2016). Because of the rapid evolution of specific genes tested within panels 

and associated costs, these estimates were applied to all patients where appropriate.  

 

2.3.4 Data Analysis  

The number of tests and total cost of evaluation were calculated for the total cohort and 

separated according to patient type. Genetic testing findings defined by the testing companies 

were used; a variant of unknown significance was not considered a positive result. Follow-up 
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assessment and discharge data were described. The cost per diagnosis was calculated, in 

which a diagnosis was defined as probable or definite11 and cases in which IHRD was 

probably or definitely ruled out (unaffected). Diagnostic information before referral was 

described. In addition, the composition and cost of tests completed before referral to the 

BCIAP and after BCIAP referral were compared.  

 

2.3.5 Statistical Methods  

Categorical data were compared using 2 tests. The Shapiro-Wilk test was used to evaluate 

the data for normal distribution. Normally distributed continuous data were described as 

mean±SD and compared with a Student t-test. Non-normal continuous data were presented as 

median and interquartile range (IQR), and compared with a Mann-Whitney U test. All 

statistical analyses were performed using R Software, version 3.1.2 (The R Project for 

Statistical Computing, Vienna, Austria)107. 

 

2.4 Results  

The cohort consisted of 618 patients (44% primary referrals, 52% male). The only significant 

demographic difference between patient types was age, with primary referrals significantly 

older (42 vs 31 years; Table 2.3). A total of 304 patients (49%) had at least 1 family member 

evaluated at the BCIAP. Every patient had an initial clinical assessment and standard ECG at 

the BCIAP (Figure 2.2). The most common tests were exercise stress test (58%) and 

echocardiogram (53%). Approximately half of the patients (47%) underwent genetic testing 

(53% panel, 47% single variant). The least common tests were cardiac computed tomography 

(4%) and electro- physiology study (2%). The mean number of each test per patient 

evaluated are shown in Table 2.1. Of patients who underwent Na+ channel blocker challenge, 

44% had previous unexplained SCA; in the remaining cases, this test was used to definitively 

rule in or out a Brugada syndrome phenotype. Patients had a median of 3 tests (excluding 

standard ECG; Figure 2.3), and primary referrals had significantly more tests than family 

members (4 vs 2; p < 0.001). The total median cost of evaluation per patient was $1340 

(IQR, $789-$3165). Primary referrals incurred a significantly greater cost compared with 

family members ($3096 vs $983; p < 0.011; Figure 2.4). 
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The cost per diagnosis was calculated and is graphically represented in Figure 2.5. A 

probable or definite diagnosis was found in 474 patients (77%). This corresponded to a 

median cost of $1740 per diagnosis (IQR, $1025-$4111). When separated according to 

patient type, neither primary referrals (74%) nor family members (79%) were more likely to 

have an identified diagnosis (p = 0.18). There was a greater cost per diagnosis in primary 

referrals at $4021 (IQR, $1700-$5426), compared with $1277 in family members (IQR, 

$878-$2164; p < 0.01). A pathogenic variant was found in 50% of genetic testing, whereas a 

variant of unknown significance was found in 26% as reported by the testing company. There 

was no difference in patient type of those who underwent genetic testing (61% vs 54%; p = 

0.08). The total cost per pathogenic variant identified in the subset of patients with genetic 

testing was $5376 (IQR, $1952-$7822).  

 

During the study period, 292 patients had at least 1 follow-up assessment (47%), with a 

follow-up duration of 716±204 days and 2.0±1.6 in-clinic follow-up visits. There were 3 

deaths (0.5%) and 140 (23%) patients were discharged from the BCIAP. Of the 3 deceased 

patients, 1 suffered from SUD and 2 died of unrelated causes. The individual who suffered 

SUD did not have a known premortem diagnosis after a standard cardiac testing applied to 

first-degree relatives of victims of SUD. Of 462 patients with available data, 3% of patients 

(n=6) experienced syncope during follow-up. An ICD was implanted in 123 cases (20%), 

with 22 (18%) for primary prevention and 101 (82%) for secondary prevention. Most ICDs 

were implanted in symptomatic primary referrals (n=108; 88%). Of the family members with 

ICDs (n = 9), 8 were implanted for primary prevention. Only 23 (19%) of ICDs were 

implanted after BCIAP evaluation; most were implanted after SCA as per recommended 

practice108. The most common diagnoses in patients with ICDs were long QT syndrome 

(21%), and arrhythmogenic right ventricular cardiomyopathy (17%). During the follow-up 

period, 18 patients (15%) had at least 1 ICD shock. One patient had an inappropriate shock 

due to T-wave oversensing. There was no difference between patient types discharged (p = 

0.77). Most discharged patients were unaffected by IHRD or extremely low risk (73%), 

followed by patient-decided (Appendix A.2). Notably, in 15% of discharges the absence of a 

familial variant discovered by genetic testing resulted in discharge.  
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All tests were divided into pre- and post-referral to the BCIAP. The composition of tests 

varied according to time point (Appendix A.3). Tests more specific to IHRD were 

concentrated in the post-referral phase: 92% of signal- averaged ECG and 79% of drug 

infusions (epinephrine or Na+ channel blocker) were completed after referral to BCIAP. The 

median number of evaluations as well as cost per patient were greater after referral to the 

BCIAP (p < 0.001; Appendices A.4 and A.5). Before evaluation at BCIAP, 92% of family 

members had < 5 tests completed (61% had none), suggesting that most family member 

evaluations were a result of BCIAP investigation.  

 

Pre-referral data were available in 515 patients (249 primary referrals, Appendix A.6). Most 

patients were referred for evaluation by a family physician (n = 162; 31%), cardiologist (n = 

108; 21%), or internally via BCIAP (n = 116; 23%). The diagnosis changed in 107 primary 

referrals. Notably, IHRD was ruled out in 21 primary referrals (7% of total primary 

referrals). There were 42 patients referred with a diagnosis of SCA; a probable or definite 

IHRD diagnosis was achieved in 13 (42%) and possible diagnosis in 15 (36%) patients.  

Diagnosis data were available from 266 family members referred for cascade screening. 

Streamlined evaluation was completed in 146, because a known diagnosis was previously 

identified in the family. This diagnosis was confirmed in 52 patients (36%), and 72 (49%) 

were deemed unaffected. Of the 108 family members referred after a family history of 

SUD/SCA, a diagnosis of IHRD was found in 26 (24%) and 48 (44%) were deemed probably 

or definitely unaffected. The costs of evaluation were higher in family members referred after 

SUD/SCA ($1244 vs $1022; p = 0.008), although still lower than for primary referrals (p < 

0.001).  

 

2.5 Discussion  

2.5.1 Rationale for Specialized Programs  

Although published guidelines for the management of IHRD have advocated for specialized 

clinics since 2013, systematic evaluation of the utility and costs associated with such clinics 

is limited91,102. In a recent study with composition similar to this study, Adler et al. 
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investigated the clinical utility of a specialized IHRD program and reported a reduced 

incidence of cardiac events compared with patients without consistent specialized care102. 

A major benefit to specialized, multidisciplinary IHRD clinics is the ability to provide 

genetic counselling. IHRDs are genetically complex with the yield of panel testing between 

9% and 64%12,92,97. In the largest analysis of genetic diagnosis, Hofman et al.92 evaluated > 

7000 patients at a specialized cardiogenetics clinic, identifying an uncertain likely pathogenic 

or pathogenic genetic variant in 31% of families, which is comparable with this study (37%). 

Genetic counselling services are imperative to ensure optimal psychological patient care, 

even when the pathogenicity of the variant is defined109,110. 

 

Although results presented in this study were from a single centre representing patients 

within a single province, the authors believe the findings are relatively generalizable to other 

similar international programs. Of course, the unique costs of each evaluation in other health 

systems will affect exact results, but we do not expect this to be drastic. A complication in 

the generalizability arises in that very few dedicated inherited arrhythmia programs exist 

worldwide, leaving many IHRD patients to be evaluated and followed in a less coordinated 

fashion; we expect this uncoordinated evaluation process leads to increased costs overall and 

advocate for specialized IHRD programs from a diagnostic as well as economic standpoint.  

 

2.5.2 Cascade Screening  

IHRD was probably or definitely ruled out in 56% of family members, reflecting the 

autosomal dominant nature of most IHRDs. This high proportion speaks to the importance of 

cascade screening and supports the formation of IHRD clinics to streamline this process; this 

can lead to better diagnoses of family members, guiding risk management and the need for 

therapies and follow-up.  

 

2.5.3 Comparison with Other Complex Cardiac Diagnoses  

The cost of evaluation for IHRD ($1340 CAD) falls within the range of other complex 

cardiac disorders involving multidisciplinary fields; studies have reported the cost per patient 

for evaluations of syncope, coronary artery disease, and outpatient atrial fibrillation to range 
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between $1000 and $9225 USD111-114. 

 

The cost per genetic diagnosis reported in this study ($5376 CAD) sits in the lower end of 

previously reported values ($5263-$21,441 USD)97. Genetic testing in a symptomatic subset 

of IHRD patients was found to be cost effective at $2500 USD per life year saved115; with 

continued follow-up and data collection, we hope to analyze cost effectiveness of IHRD 

genetic testing.  

 

Regardless, most patients in this study were diagnosed with primarily phenotypic methods. 

Although genetic advances have improved IHRD diagnostic capability, phenotypic testing 

still holds substantial merit. A probable or definite diagnosis was reached in a greater 

proportion of this cohort compared with other IHRD studies92,96. Referrals to the BCIAP 

might be relatively streamlined, and patients are screened for suggestion of IHRD before 

testing. Although more data are needed to quantify the cost effectiveness of the 

implementation of a multidisciplinary IHRD clinic compared with general evaluation, the 

higher diagnostic rate suggests the BCIAP is an efficient use of resources to direct prevention 

strategies. Brief clinical outcome measures were described in this study because the focus 

was on the costs incurred; however, further investigation into the clinical outcomes of the 

BCIAP is warranted. 

 

2.5.4 Variations According to Patient Type  

Investigation of primary referrals was expectedly more extensive and costly compared with 

family members. Many primary referral evaluations begin with a ‘clean slate,’ whereas a 

specific IHRD diagnosis is suggested by the family history before family member evaluation. 

It is important to arrive at a positive or negative diagnosis in primary referrals to inform the 

need for cascade screening, thus a more extensive evaluation is often warranted91. A major 

contributor to the greater cost of primary referrals is panel genetic testing, although the cost 

of panel testing is decreasing.  

 

Although primary referrals were significantly older (42±19 vs 30±21 years), we do not 
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expect that this affected results, because both cohorts were primarily adults. The age of 

IHRD onset ranges from 12 to 46 years, when evaluation of the proband and cascade 

screening is prompted116-118. Thus, cascade screening of children was likely, and the adult 

BCIAP contingency contributed most data to the evaluation.  

 

2.5.5 Limitations  

Because of the variation of IHRD presentation, the composition of evaluation varied greatly 

between patients. This variability is required to provide each patient with tailored testing and 

assessment regimens. We were unable to obtain data on the nature of care of the comparable 

period before the inception of the clinic. This is in part the reason for the creation of the 

BCIAP, but limits our ability to analyze the direct effect and calculate cost effectiveness. 

This is a single program study that involves care of 4.6 million people, limiting the 

generalizability of the data to other environments. Finally, indirect costs not included in MSP 

fee schedules could not be completely accounted for in the scope of this study; the true costs 

of evaluation are likely slightly higher but still within range of comparable complex cardiac 

diagnostic tests. 

 

2.6 Conclusions  

Clinical evaluation of patients with suspected inherited arrhythmia disorders results in a high 

diagnostic yield at costs aligned with other complex disorders involving multidisciplinary 

clinics. Evaluation costs are higher in primary referrals compared with targeted familial 

screening, with a comparable diagnostic rate. One can foresee that better case ascertainment 

and identification and streamlined care and follow-up after SCA/ SUD will lead to cost 

efficiencies in the future. The cost data presented may draw parallels to costs associated with 

an expanded cardiac evaluation in other conditions. 

  

2.7 Relation to Eating Disorder Population 

The ECG changes observed in some IHRD, specifically LQTS, have also been described in 

some patients with eating disorders; as a result, a trend towards more thorough cardiac 

evaluations in the eating disorder population has been observed3.  This is in part because of 
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limited data suggesting an elevated risk of sudden cardiac death in patients with eating 

disorders, often associated with evidence of QT prolongation. Furthermore, there is evidence 

that 5-10% of patients with acquired Long QT, typically attributed to drug induced Long QT, 

in fact have a clear genetic predisposition to congenital Long QT119,120. Further, the costs of 

outpatient evaluation and treatment for eating disorders compare favorably to those reported 

in this study of IHRD, as a study of 566 individuals diagnosed with anorexia nervosa (AN) 

incurred outpatient costs of $2344±4735 US dollars121. IHRD and AN report similar standard 

mortality ratios (SMR) for SUD (1.5 and 2.3, respectively), and both require a 

multidisciplinary approach to achieve optimal care13,122. As such, both IHRD and eating 

disorders stand to contribute evidence to support the shift to multidisciplinary care while 

maintaining acceptable costs to, comparable to other related conditions. 
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2.8 Tables 

 

Table 2.1 CASPER diagnostic strength criteria11. 

Level of diagnosis strength Definition of diagnosis strength 

Definite 
Both clinical testing and genetic testing positive, or clinical testing 

clearly positive 

Probable 
Clinical testing or genetic testing positive (where genetic testing is 

available) 

Possible One or more clinical testing borderline but not conclusive 

 

Table 2.2 Cost and number of investigations 

Investigation Cost 

(CAD $) 

Total Patients 

Evaluated 

Tests per Patient 

Evaluated 

Clinical assessment – initial BCIAP visit $360.19 618 1.00 

Clinical assessment – follow-up $125.26 292 1.99±1.62 

Electrocardiogram (ECG)   

Standard ± High Lead $33.10 618 3.95±4.24 

Signal-Averaged ECG $33.10 282 1.08±0.32 

Holter Monitor $142.31 229 1.42±1.26 

Imaging   

Angiogram $800.00 49 1.02±0.28 

Cardiac CT $450.00 26 1.00 

Cardiac MRI $641.00 127 1.10±0.35 

Echocardiogram $187.25 328 1.64±1.84 

Right Ventricular Angiogram $800.00 6 1.00 

Provocation   

Electrophysiology Study $761.24 13 1.00 

Epinephrine Infusion $542.12 44 1.00 

Exercise Stress Test $76.15 361 1.65±1.45 

Procainamide Infusion $601.13 66 1.02±0.12 

Genetic Testing   

Comprehensive $2300.00 194 1.00 

Single Variant $250.00 160 1.00 

 

Table 2.3 Demographic characteristics 

 Total Cohort Primary Referrals Family Members P value 

Male 299 (48%) 140 (47%) 159 (53%) 0.15 

Age 36±21 years 42±19 years 31±21 years <0.01 

Known diagnosis 

(probable or definite) † 

474 (77%) 203 (74%) 271 (79%) 0.14 

 

†Probable diagnosis defined as clinical or genetic testing positive; definite diagnosis defined as clinical and 

genetic testing positive, or clinical testing clearly positive96. 
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2.9 Figures 

 

Figure 2.1 Inherited heart rhythm disorder (IHRD) evaluation flow chart.  

 A general flow chart of the British Columbia Inherited Arrhythmia Program (BCIAP) evaluation. ECG, 

electrocardiogram; EP, electrophysiologist; GC, genetic counsellor; SAECG, signal-averaged ECG.  
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Figure 2.2 Distribution of evaluations. 

The most common evaluations were initial clinical assessment by the BCIAP and standard ECG, followed by exercise stress test and echocardiogram.  Very few 

patients had an Electrophysiology study, cardiac CT, or angiogram. 
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Figure 2.3 Number of tests 

The total cohort had a median 3 tests excluding ECG (interquartile range [IQR] 2-5).   Primary referrals (4, IQR 

3-7) had significantly more tests than family members (2, IQR 1-4; p < 0.001). Filled dot inside each box 

represents the mean. Two patients were excluded from this figure as they had > 20 tests as validated by the 

medical team, which included surveillance echocardiograms and Holter monitors. 

 

  



31 

 

 

Figure 2.4 Cost per evaluation 

The total cohort had a median cost of $1340 (IQR $789-3165). Evaluation of primary referrals ($3096, IQR 

$1309-4178) incurred significantly higher costs than family members ($983, IQR $676-1667, p < 0.001). 

 

  



32 

 

 

Figure 2.5 Cost per diagnosis 

The median cost per diagnosis in the whole cohort was $1740 (IQR $1025-4111).  The cost per diagnosis in 

primary referrals was significantly higher than that of family members ($4021 [$1700-5426] vs. $1277 [$878-

2164], p < 0.001).  
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Chapter 3: Electrocardiographic Markers of Repolarization in Eating 

Disorders: A Case Control Study 

 

3.1 Introduction 

Eating disorders (ED) affect 1-2% of the population, with an increased prevalence in 

adolescent females25. Sudden unexpected death (SUD) is a leading cause of death in the 

eating disorder population, specifically those with anorexia nervosa (AN) and eating 

disorders not otherwise specified (EDNOS). Electrocardiographic changes have commonly 

been described, but are not yet well defined; specifically, changes in the QT interval may be 

present and contribute to SUD risk, but conflicting data hinders the ability to apply the 

findings clinically2,3. T-wave changes are commonly implicated in SUD risk in other 

conditions, but have only been described in three eating disorder case reports and never in a 

cohort123-125. Changes in the T-wave morphology, most notably inversion, have been 

associated with SUD risk in other populations123. The T-peak to T-end (Tpe) interval has 

been independently associated with SUD in cardiac disease and suggested as a marker of 

delayed repolarization that may increase the likelihood of ventricular arrhythmias126. 

Furthermore, 80% of eating disorder patients have concurrent mood disorders, often 

prompting prescription of psychopharmacotherapies which have well described QT 

prolonging effects in the normal weight population65. We sought to characterize ECG 

changes in AN and EDNOS and compare these to healthy controls. 

 

3.2 Methods 

A retrospective cohort study of adolescent females treated at the British Columbia 

Specialized Eating Disorders Clinic between 2010-2014 was performed. Age-matched 

healthy controls were recruited through flyers and retrospective ECGs were included from 

benign chest pain, syncope, or palpitation investigations; individuals with comorbid 

conditions and/or family history of Long QT Syndrome were excluded. Serum sodium and 

potassium levels were reported, with lower limits of normal set at 135 mmol/L and 3.5 

mmol/L, respectively based on local laboratory standards. In circumstances where multiple 

ECG were performed, the ECG at the lowest BMI and therefore greatest disease severity was 
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used. Patients prescribed selective serotonin reuptake inhibitor (SSRI) and/or atypical 

anxiolytic (AAP) medications were included in the pharmacotherapy group. All resting 

ECGs were read with assessment of the HR, QT interval, and T-wave by trained reviewers 

blinded to case/control, pharmacological status and specific demographics. Bazett’s formula 

was used to calculate corrected QT interval (QTc). T-wave dynamics were reported, 

including the interval from the peak of the T-wave to the end (Tpe) and T-wave morphology, 

which have both been shown to independently predict SUD in populations with cardiac 

disease123,126. Abnormal t-wave morphology was defined as notched, inverted, flattened, 

peaked, or U-waves as determined by the reviewers. Comparisons were made between 

patients and age-matched controls, and patients with or without medication. 

 

3.3 Results 

ECGs from 72 adolescents (65 females, age 15±2 years, BMI 17.2±2.8 kg/m2) with a 

diagnosis of either AN (83%) or EDNOS (17%) were reviewed and compared to ECGs from 

63 healthy age-matched controls. There were no differences in any reported parameters 

between female and male patients nor between AN and EDNOS (p=0.3-0.9). All patients had 

normal serum sodium levels, while one patient was mildly hypokalemic at closest 

measurement to ECG (3.2mmol/L, QTc 440ms). Nine patients had a current history of illicit 

drug use, most commonly marijuana (n=8) which has not been reported to prolong the QT 

interval. 

 

3.3.1 Comparison to Healthy Controls 

ED patients showed lower heart rates compared to controls (60±17 vs. 72±11 bpm, p<0.001), 

longer absolute QT intervals (405±40 vs. 383±24 ms, p < 0.001), and shorter QTc intervals 

(397±34 vs. 423±24 ms, p<0.001). At lowest BMI, two patients (3%) reported QTc intervals 

longer than the normal accepted range (>460ms), at 480 and 505ms in the absence of 

bradycardia (HR 60 and 79bpm, respectively). The shortest reported QTc interval was 

379ms. 
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Abnormal T-waves were reported in 19 (26%) patient ECGs, with no difference in 

prevalence with regard to age, BMI, or medication status. The overall prevalence of any T-

wave abnormality was not different between eating disorder patients and controls (26% vs. 

14%, p=0.08), but the distribution of T-wave changes was different. Nine ED patients (14%) 

demonstrated T-wave flattening or inversion compared to 2 controls (3%; p=0.02). As shown 

in Figure 1, T-wave inversion was the most common abnormality in eating disorder patients, 

reported in 6 ECGs (8% overall) followed by the presence of U-waves. Seven controls with 

T-wave abnormalities had notched T-waves; one had T-wave inversion and one had 

flattening. Mean Tpe interval in eating disorder patients was 69±19m.vs 93±24ms in controls 

(p<0.001). 

 

3.3.2 Effect of Psychopharmacotherapy on the ECG 

Thirty ED patients (42%) received psychopharmacotherapy during treatment (1.5±0.6 

medications per patient). There was no difference in BMI (p=0.14), QTc (p=0.14), or HR 

(p=0.13) of patients prescribed or not prescribed medications. 

 

Concurrent ECGs were available both on and off medications in 13 unique patients, allowing 

for within group comparisons. There were no demographic differences within groups. When 

on medications, patients’ heart rate and QTc increased minimally (3bpm and 7ms, p=0.50 

and 0.47 respectively). While on medications, one patients’ QTc lengthened to the upper 

limit of normal at 459ms from 440ms off medications. 

 

3.4 Discussion 

We have demonstrated that corrected QT intervals in eating disorder patients are in fact 

shorter in patients compared to controls, with all but two QTc within the normal range. In 

contradiction, a 2008 meta-analysis of ten studies reported overall significantly longer QTc 

intervals in AN patients compared to healthy controls2. A 2016 systematic review of 

cardiovascular complications in AN noted the heterogeneity of the current QT interval 

research reports, suggesting secondary causes such as hypokalemia and pharmacotherapy are 

more often contributors to altered QT dynamics than inherent to AN disease3,86. When 
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compared to healthy controls, QTc in ED have been described as shorter, similar, and longer, 

leaving much ambiguity in ECG interpretation75,82,127-130.  Similar to other forms of acquired 

long QT, minor secondary factors likely influence the QT interval, with additional changes 

across varying severity and duration of disease. Although bradycardia is widely reported in 

AN, the study cohort did not have excessively low HR3. However, other parameters of 

disease severity (i.e. BMI) were similar across other studies, suggesting this cohort was likely 

still a reasonable representation of the population. 

 

This is the first study to describe T-wave changes in an eating disorder cohort. The 

prevalence of changes in T-wave morphology were similar between patients and controls, but 

the clinical utility of this parameter lies in the type of abnormality. All but one T-wave 

abnormalities in healthy controls were classified as notched or inverted in lead V2, which 

have been described as a normal variant in adolescents131,132.  None of the T-wave inversion 

observed in AN patients was in lead V2. T-wave inversion was reported in similar prevalence 

to the controls of study in athletic adolescents (1.5%), with lower prevalence in sedentary 

controls, and has been independently associated with SUD risk123,133. In addition, T-wave 

flattening has been described as an early marker of cardiac dysfunction134. This 

morphological change has only been described in case reports of hypokalemic anorexia 

nervosa patients125,135. The relatively high prevalence of T-wave inversion in this study (8%) 

suggests a potential contributor to the increased risk of SUD observed in eating disorder 

patients.  

 

The decreased Tpe observed in patients compared to controls was unexpected. In fact, patient 

Tpe values were similar to those reported in over 300 controls in a separate study (76ms) 

while the controls of this study were more similar to the at-risk patient population (89ms)136. 

Interestingly, patients had longer QT intervals compared to controls, from which we would 

expect longer Tpe as opposed to the observed shorter duration137. At the cellular level, Tpe 

has been described as a measure of transmural repolarization; such a specific change in 

eating disorders is not impossible, although larger studies are needed to reach a more 

definitive conclusion138. 
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Changes in the QT interval are dynamic over disease duration, severity, and other factors: it 

is likely that T-wave dynamics may show similar changes, and longitudinal ECG studies in 

eating disorders are warranted to better assess these changes and define risk2. 

 

Although not observed in this study, psychopharmacotherapy may increase the QT interval in 

eating disorder patients, although clinical relevance is uncertain. This supports the notion that 

certain individuals may be predisposed to QT prolongation, based on genetic and 

environmental factors such as SSRI and AAP administration, previously termed reduced 

repolarization reserve75. However, as supported by our data, the absolute risk incurred by 

psychopharmacotherapy is likely to be low. Nonetheless, use of these medications in the 

eating disorder population should be evaluated with caution as current guidelines do not 

support psychological or weight restoration benefits69. 

 

3.5 Conclusion 

The ECG in eating disorder patients manifests several changes that include bradycardia and 

T-wave changes. QT changes support shorter corrected intervals compared to healthy 

controls. Psychopharmacotherapies do not appear to impact the ECG. Further studies 

investigating T-wave changes and clinical outcomes are necessary to discern the utility of 

this parameter, but given the previously well described association of T-wave changes with 

risk of SUD, this may be a promising risk marker that warrants systematic large-scale study.  
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3.6 Figure 

 

A. Eating disorder patients 

 

B. Healthy controls 

Figure 3.1 Types of T-wave interval morphology changes in eating disorders. 

There was no difference in the prevalence of any T-wave abnormality in ED patients compared to healthy 

controls (26% vs 14%, p=0.08). The combined prevalence of T-wave inversion or flattening was greater in ED 

patients (14% vs. 3%, p=0.02). 
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Chapter 4: The QT Interval in Anorexia Nervosa: a Systematic Review 

and Meta-Analysis 

 

4.1 Summary 

Individuals with anorexia nervosa (AN) have increased risk of mortality. Abnormal cardiac 

electrophysiology may play a role in this increased risk of sudden unexpected death (SUD); 

in other populations, the QT interval on electrocardiogram plays an important role in risk 

assessment wherein lifestyle changes and pharmacological therapies can limit this risk. A 

consensus surrounding alterations in the QT interval in AN, and subsequent therapies, has 

not been reached. We performed a systematic literature review and meta-analysis to examine 

the QT interval in AN, utilising Medline and EBMASE. 

 

Twenty-six studies were included. Twenty-four studies reported mean or median corrected 

QT (QTc) interval values within clinically normal range for females (350-460ms). Meta-

analyses did not suggest a difference in the QTc interval in AN compared to healthy controls, 

although AN patients did show greater variability in interlead QT measurements (QT 

dispersion; QTd).  

 

Alteration in the QT interval, or lack thereof, in acute AN is not well enough defined to 

definitively inform clinical practice. Cardiac repolarization represents at best a minor risk 

factor for SUD in the AN population, with QTd a more likely useful assessment tool than 

resting QT interval. Clinicians should err on the side of caution and perform surveillance 

ECGs on individuals with AN to assess the QT interval, as this minimally invasive and 

relatively low cost test may provide useful insight.  

 

4.2 Introduction 

Anorexia nervosa (AN) affects 1% of the overall population with a concentrated prevalence 

in adolescent females 22,25. AN has the highest mortality of any eating disorder, in part 

attributable to ventricular arrhythmia 32. Alterations in cardiac repolarization have been 
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implicated, suggesting a role for the electrocardiogram (ECG) QT interval in risk-

stratification. The QT interval is corrected for heart rate (QTc) since bradycardia is common 

in AN. A meta-analysis in 2008 of 10 AN studies revealed QTc intervals at the upper-limit of 

normal 2. However, only 5 of the 10 studies reported electrolyte data, and potential QT-

prolonging medications were not assessed. We recently described impaired repolarization 

reserve in AN during exercise, noting a significant number of more recent publication in this 

field 75. We therefore performed a systematic review specific to the QT interval in AN to 

improve understanding of any changes present which may better inform clinical practice.  

 

4.3 Methods 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) were 

followed (Appendix B.1). 139,140    

 

4.3.1 Search Strategy and Data Extraction 

MEDLINE and EMBASE were searched from January 2000 to December 2016, limited to 

humans and English language, excluding case studies, reviews, and conference abstracts. 

Retrospective or prospective cohort, case-control, and cross-sectional studies were included. 

Search terms were determined by literature review, database query and consensus among 

authors. The search strategy is outlined in Appendix B.2. The search returned 226 unique 

records. Manual bibliography searches identified an additional 3 publications (Figure 4.1). 

Two reviewers (MJ and NM) screened titles and abstracts for inclusion with reconciliation 

through discussion. Collected variables were defined a priori, expanded after pilot review of 

initial studies, and collected in Microsoft Excel. 

 

4.3.2 Population and Outcomes 

The population was individuals diagnosed with AN. Studies with both AN and other eating 

disorders were included where AN data was presented separately. Outcomes of interest 

included the resting QTc interval, heart rate (HR), and QT dispersion (QTd). International 

guidelines define QT prolongation as abnormal and possibly indicative of long QT syndrome 

above 450ms and 460ms for males and females respectively141-143. However, the identified 
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studies were inconsistent and utilized borderline, definitely abnormal, and sex-specific 

thresholds.  The following Medical Subject Headings (MeSH) and Emtree terms were used: 

anorexia nervosa; electrocardiogram and long QT syndrome. Additional keywords were 

employed including anorexia, eating disorder and QT. Extracted data included bibliographic 

details; sample size and population characteristics; anthropometric data; medication and 

electrolyte status; and QT interval and other ECG/cardiac parameters for AN subjects and 

healthy controls. 

 

4.3.3 Study Quality and Analysis 

Study quality was assessed as recommended by the Cochrane Collaboration and Institute of 

Medicine guidelines. Nine bias domains were selected (sampling, inclusion/exclusion, 

protocol deviation, follow-up, validity, harm reporting, measurement, confounders, and 

detection) based on the Cochrane Collaboration Risk of Bias Tool and Handbook and 

Agency for Healthcare Research and Quality RTI Item Banks144-146. Each domain was 

assigned as high, low, or unclear risk of bias for each study. 

 

4.3.4 Data Synthesis 

Weighted averages of mean QTc and QTd in patients with AN and controls were calculated 

using the DerSimonian-Laird random effects model.147 Differences between AN and controls 

were assessed using weighted mean differences and Hedges’ g statistic. Forest plots of 

estimates with 95% confidence intervals (CI) were generated. Publication bias was assessed 

through visual inspection of funnel plots and the Begg-Mazumdar rank correlation test for 

asymmetry.148,149 Heterogeneity was tested with visual forest plot inspection, Cochrane Q 

(p<0.01) and I2 statistics.150 This demonstrated significant heterogeneity which is explored (I2 

> 90%). 
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4.4 Results 

4.4.1 Population 

Twenty-six studies comprising 1193 individuals with AN were identified (Table 4.1). Most 

studies (22/26) were small (<50 participants), 3 included between 50-100 participants, and 

only one study exceeded 100 participants (n=330). Twenty-two studies addressed AN alone, 

the remaining 4 reporting AN alongside other eating disorders. Seventeen studies included 

control data. Study participants’ mean age ranged from 14 to 29 years with most between 14 

to 16 years. Echocardiography was performed in 10 studies which all reported normal left 

ventricular (LV) ejection fraction. LV mass was significantly lower compared to controls in 

all 8 studies which reported values (Table 4.2).  

 

4.4.2 Study Quality 

The risk of bias was low in most domains (Figure 4.2, Appendix B.3 and B.4). Most studies 

were small, prospective cohorts. A trained reviewer manually measured the QT interval in 

62% of studies; the reviewer was also blinded in 69% of those studies read manually. 

However, twelve studies had a high risk of bias as established repolarization mediators such 

as electrolyte and medication status were not assessed. 

 

4.4.3 QTc Interval at Baseline/Single Time-Point 

Sixteen studies including 964 patients compared QTc in AN versus age- and sex-matched 

controls (Table 4.2). Respectively, mean QTc was 405ms (95% CI 398–412ms) compared to 

398ms (95% CI 389–408ms) (Figure 4.3, Panels A and B). No significant difference was 

found in the weighted mean difference between patients with AN and controls (Hedges’ g 

statistic -0.21 (95% CI -0.78 to 0.36), p=0.43). 

 

Sixteen studies reported the proportion of participants with prolonged QTc using different 

cutoffs (440-500ms). Six reported no patients and 10 studies reported 1-40% of patients with 

prolonged QTc. The single large study of 330 AN participants observed a mean QTc of 

388ms with QT prolongation in 4.2% of participants, defined as QTc >440ms 151.  
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4.4.4 Factors Affecting QTc Calculation 

Twenty-four studies reported HR (Table 4.2). AN patients had significantly slower HR 

compared to controls in 12 of 16 studies. Resting bradycardia, defined as <60 bpm, was 

reported in 15 studies. Two studies (n=38, all female and n=23, 20 female) reported mean 

values <50 bpm. The method of QT correction was reported in 20 studies, most utilizing 

Bazett’s formula (n=17), with one study using each of Framingham, Fridericia, and Hodges 

(Table 4.2). The latter compared common QT correction formulae across 100 female AN 

inpatients and concluded Hodges was optimal as it showed the smallest correlation to HR 152. 

 

4.4.5 QTc Interval at Follow-Up 

Only 7 studies reported QTc at baseline and follow-up, 5 reporting no change and 2 

significant shortening (Table 4.3). The latter studies are confounded by both potassium 

supplementation and refeeding responses (notably resolution of bradycardia). In the first 

study (n=28), absolute QT lengthened and QTc shortened after 4 weeks with compared to 

without potassium supplementation153. The second study reported significant QT shortening 

relative to baseline after one year of refeeding in 11 females 154. 

 

4.4.6 QT Prolonging Factors 

Potential QT prolonging factors were rarely reported with the exception of electrolytes and 

prescribed drugs. No study reported illicit drugs, while LQTS and diabetes mellitus were 

reported in 2 and 3 studies respectively (Appendix B.6). Medication status was available in 

12 studies: 6 included patients receiving psychopharmacotherapy, 4 reported no patients on 

medications, 1 excluded and 1 stopped medications before ECG recording. Serum 

electrolytes were reported in 16 studies. All reported mean serum potassium levels within 

normal range. Eight studies reported no hypokalemic individuals, while 5 studies reported 

hypokalemia in 3-32% of patients (Table 4.1). Four studies reported correlation of serum 

electrolytes with only one finding a significant correlation with QTc (Appendix B.5) 124. No 

consistent relationship was observed between QTc and BMI. 
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4.4.7 QT Dispersion (QTd) 

Eight studies including 499 patients compared QTd in AN versus age- and sex-matched 

controls. Respectively, mean QTd was significantly increased in AN 53ms (95% CI 42–

64ms) compared to controls 34ms (95% CI 29–39ms) (Figure 4.4, Panels A and B). The 

weighted mean difference was significantly increased in patients with AN relative to controls 

(Hedges’ g statistic -1.37 (95% CI -2.46 to -0.28), p<0.01). 

 

4.4.8 Sudden Death 

One sudden unexpected death (SUD) was reported across all studies i.e. 1/1194 (0.08%) 155.  

 

4.5 Discussion 

This study demonstrates the following key findings in patients with AN: 1) mean QTc was 

not significantly increased; 2) mean QTd was increased; 3) resting bradycardia was common; 

4) QT was mainly corrected using Bazett’s formula, despite the recognized under-correction 

associated with bradycardia 152,156; 5) non-standardized and often low thresholds for a female 

population e.g. 440ms were used to define abnormal; 6) confounding factors associated with 

both AN and QT prolongation were rarely systematically examined or reported; and 7) the 

incidence of sudden death was low. 

 

4.5.1 The QTc Interval in Anorexia Nervosa 

Our results contradict a meta-analysis of 10 studies in 2008 which reported longer QTc 

intervals in AN patients compared to healthy controls2. However, that analysis calculated 

mean values using simple weightings. Our analysis includes 3 times as many patients (964 

vs. 316), more recent data, and utilizes random effects methods to pool QTc intervals for 

comparison to controls. 
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4.5.2 QTd in Anorexia Nervosa 

QT dispersion (QTd), the ECG inter-lead variation of the QT interval, represents 

repolarization heterogeneity 88,89,157. QTd is associated with high anxiety and 

psychopharmacotherapy use 158-160. Increased QTd is most often concurrently reported with 

prolonged QTc. However, isolated QTd has been described in the absence of prolonged 

QTc161. As such, increased QTd in the AN population may represent a marker for SUD risk 

and warrants further investigation. In addition, it has been suggested that increased QTd may 

be linked to T-wave morphology, potentially introducing a new ECG parameter into the 

conversation162. 

 

4.5.3 Bradycardia and the QT Correction Formulae 

Bradycardia (HR < 60bpm) is the commonest cardiac manifestation of AN and often used to 

guide clinical care although no evidence-based guidelines exist 3,163,164. QT correction 

formulae have varying accuracy in the setting of bradycardia, with Bazett’s formula often 

deemed inferior although it remains the most widely used9,10,152. The replacement of Bazett’s 

formula is hindered by the lack of a definitive superior alternative. Nonetheless, QT 

correction discrepancies further complicate the heterogeneous upper cutoffs utilized, ranging 

from 440-500ms. Long QT syndrome guidelines suggest borderline upper limits of normal as 

450ms in men and 460ms in women, with definitive abnormal values above 480ms87,141. 

However, the variable study-specific cutoffs restrict the ability to effectively compare or 

conduct standardized statistical analyses of the proportion of patients with QT prolongation. 

 

4.5.4 Risks for Bias 

The lack of standardized reporting of established causes of QT prolongation also associated 

with AN (i.e. known repolarization mediators) was surprising. Serum electrolytes are 

important in regulating the QT interval and cardiac repolarization, but QT changes were 

reported in the presence and absence of abnormal electrolyte levels. Studies either failed to 

report of excluded patients prescribed psychopharmacotherapies. The latter significantly 

impairs the generalizability of findings, since 53-84% of patients with AN are prescribed at 
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least one medication 71,72. No studies commented on illicit drug use, although drug use is not 

uncommon in the AN population165. A combination of serum electrolytes, medications, and 

other consequences of AN and treatment may be responsible for changes in the QT interval. 

Varying proportions of AN patients’ QTc intervals were deemed prolonged (1-40%), 

although inconsistent cutoffs were used. This suggests that although risk may be low, a 

subset of vulnerable patients may exist although case-control studies with consistent 

methodologies are needed to definitively define risk.  

 

4.5.5 Sudden Unexpected Death in AN 

Measuring repolarization (QT, QTc, QTd) is intuitively attractive as a tool for assessing 

sudden death risk. However, the lack of significant difference in QTc between AN and 

controls, high inter-study heterogeneity, and inability to adjust for unmeasured confounders 

and mediators, all suggest far more research is needed to understand any potential 

application. As importantly, sudden death events are rare, making direct causal inferences 

exceptionally challenging 166. A study of 6009 females with AN observed 11 cardiac deaths 

and reported a Standardized Mortality Ratio of 2.313. Our review identified only 1 death in 

1194 patients (0.8%). Nonetheless, the QT interval and QTd are relatively simple, cheap and 

actionable measurements. However, standardized measurement, correction, thresholds, 

frequency of screening, and treatments all remain to be determined. 

 

4.5.6 Directions for Future Research 

More detailed and standardized datasets and reporting are needed to understand 

repolarization, QT changes and arrhythmic SUD risk in AN. Important variables to consider 

are medication status and the presence of potential cardiac modifiers (e.g. smoking, diabetes, 

history of syncope). Consistency across patient populations, testing parameters, and analyses 

will be important to better compare research. Additionally, the QT interval is highly 

dependent on HR and only one study in this review analyzed the QT interval over increasing 

HR75. This is the first meta-analysis to review QTd, which may present a more useful 

parameter to monitor SUD risk compared to resting QTc interval. Large-scale longitudinal 

studies are needed to directly assess cardiac repolarization changes and mortality risk in AN. 
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4.5.7 Limitations 

Most studies were small, single centre cohorts. Insufficient information was presented for 

meta-regression or adjustment for repolarization mediators, notably medication and 

electrolyte status. Full text of 10 studies were not accessible or available in English. 

 

4.6 Conclusion 

The current research investigating the QTc interval in anorexia nervosa is heterogeneous both 

in design and results. At present, a direct link between cardiac repolarization and SUD has 

not be definitively identified in AN, although it does not appear likely that the QTc interval 

plays a large role. However, QTd may be a more active marker in the small but concerning 

risk of SUD. Regardless, the data supports that cardiac repolarization is an indicator of 

potential SUD risk in at best a subset of vulnerable patients. Further, large scale 

representative studies are required to determine whether or not ECG changes can predict 

arrhythmic risk and mortality in AN. 
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4.7 Tables 

Table 4.1 – Study demographics and patient characteristics. 

Study n 

 

Female 

(%) 

Age 

Mean 

± SD/SE* or 

mean (IQR) 

BMI Mean ± 

SD/SE* 

Duration of 

Illness  

Months; mean ± 

SD/SE* or 

median (IQR) 

Patients on 

Medications (n) 

Patient 

Location 

Patients with 

Hypokalemia 

(%) 

LVEF  

Mean ± SD or 

median (IQR) (%) 

LV Mass 

Mean ± SD 

(g) 

Controls (n) 

Biadi128 19 100% 23.1 ± 5.2 
14.0 ± 1.4 106 ± 86 

0; stopped 24-48 

hours pre-test 
Mixed 0% NR NR 20 

Billeci82 27 100% 14.6 ± 2.2 15.7 ± 2.1 18 ± 14 NR Inpatient 0% 64 (60-72) NR 15  

DiVasta167 38 100% 16.2 ± 2.2 15.9 ± 1.8 NR NR Inpatient 3% 66 ± 5 100.1 ± 23.8 - 

Ertugrul129 40 79% 14.9 ± 1.6 15.8 ± 2.7 NR NR Mixed - NR NR 47  

Facchini86 29 100% 22 ± 5 13.8 ± 1.5 NR 0 Inpatient 10% 69 ± 8 NR 14  

Franzoni153 28 100% 20.1 ± 4.5 15.9 ± 2.4 NR 0 Outpatient NR NR NR 20 

Galetta89 16 100% 21.3 ± 4 15.7 ±1.9 27 ± 20 0 Outpatient 32% 66 ± 6 82.9 ± 17.1 16 

Galetta4 25 100% 17.5 ± 4.2 15.3 ± 1.4 31 ± 22 0 NR 0% 65 ± 6 82.7 ± 15.3 25 

Krantz155 6 100% 29 ± 3.2 16.2 ± 0.4 19 ± 11 NR Outpatient NR NR NR 10 

Krantz168 19 95% 25.1 ± 5.5* 12.3 ±1.8* NR 13 Inpatient 21% 67 ± 7 70.9 ± 20.8 - 

Mont56 31 81% 
15.7 ± 1.4 15.2 ± 2.0 NR 

5 (first eval), 14 

(second eval) 
Mixed 0% 66 ± 6 84 ± 20 - 

Nahshoni169 30 100% 15.7 ± 8.8 15.2 ± 1.6 26 ± 20 22 (after treatment) Inpatient 0% NR NR - 

Nussinovitch170 43 93% 22.1 ± 3.4 18.0 ± 2.4 NR 25 Mixed 0% NR NR 45 

O’Connor64 36 94% 13.8 ± 1.8 13.5 ± 1.1 NR NR Inpatient 0% NR NR - 

Olivares171 40 100% 15.5 (12.1-18.5) 15.3 ± 2.1 NR NR Inpatient - NR 76.8 ± 17.7 40 

Padfield75 61 100% 15.6 ± 1.9 16.7 ± 2.0 14 (7-24) 38 Mixed 0% 67 ± 5 NR 45 

Panagiotopoulos12

7 

62 95% 
15.1 ± 1.4 16 ± 2 

10 (median; IQR 

NR) 
NR Outpatient NR NR NR 97 

Peebles151 330 100% 15.3  NR 14 NR Mixed NR NR NR - 

Roche172 25 92% NR 15.2 ± 2.1 NR NR NR - NR NR 25 

Roche85 10 100% 19 ± 3 14.7 ± 2.3 NR NR NR - NR NR 10 

Takimoto173 47 100% 21.6 ± 6.0 15.2 ± 1.7 NR Excluded NR Excluded NR NR - 

Ulger154 11 100% 
15.0 ± 1.2 13.7 ± 1.5 NR NR Inpatient - 80 ± 8 53.0 ± 14.3 12 

Vanderdonckt124 47 96% 22.0 ± 8.2 14.7 ± 2.7 NR 13 NR 27% NR NR - 

Vazquez174 30 100% 15.5 ± 1.6 15.3 ± 2.1 NR NR Outpatient - 65 ± 5 76.2 ± 22.6 30 
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Study n 

 

Female 

(%) 

Age 

Mean 

± SD/SE* or 

mean (IQR) 

BMI Mean ± 

SD/SE* 

Duration of 

Illness  

Months; mean ± 

SD/SE* or 

median (IQR) 

Patients on 

Medications (n) 

Patient 

Location 

Patients with 

Hypokalemia 

(%) 

LVEF  

Mean ± SD or 

median (IQR) (%) 

LV Mass 

Mean ± SD 

(g) 

Controls (n) 

Walter152 100 100% 
NR 10-17 (range) NR NR Inpatient - NR NR - 

Yahalom79 23 87% 15.7 ± 2.2 15.6 ± 2.4 NR NR NR - NR NR 10 

NR: not reported; SD: standard deviation; SE: standard error 
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Table 4.2 Cardiac parameters. 

Study HR  

Mean ± 

SD/SE* or 

median 

(IQR) (bpm) 

QT Mean 

± SD (ms) 

QT 

Correction 

Formula 

Used 

QTc  

Mean ± SD/SE* 

or median (IQR) 

(ms) 

Controls 

Mean QTc ± 

SD/SE*  

P value vs AN 

Threshold of 

Prolonged 

QTc 

Prolonged 

QT 

N, %  

HR Variability 

Mean ± SD or 

median (IQR) 

(LF/HF) 

Control HR 

Variability 

Mean ± SD; P 

value vs. AN 

QT/QTc* 

Dispersion 

Mean ± SD/SE^ 

(ms) 

Control 

QT/QTc* 

Variability 

Mean ± 

SD/SE^; P value 

vs. AN 

Biadi128 80 ± 18 NR Bazett 380 ± 20 370 ± 30; 0.32 NR 0 NR NR NR NR 

Billeci82 
65 ± 11 393 ± 23 Bazett 405 ± 25 

428 ± 7.5; 

0.001 

440 0  
0.7 (0.4-1.3) 

2.1 (0.9-5.3); 

0.002 
NR NR 

DiVasta167 49 ± 16 450 ± 50 NR 400 ± 30 - NR NR NR NR 40 ± 20 - 

Ertugrul129 

65 ± 14 NR 
NR 

413 ± 29 

414 ± 17.5; 

0.81 

440 6, 13% 
NR NR NR NR 

Facchini86 55 ± 11 406 ± 35 Bazett 392 ± 25 407 ± 17; 0.08 480 0  1.8 ± 1.4 3.7 ± 2.6; 0.006 27 ± 12 23 ± 10; 0.21 

Franzoni153 
50 ± 11 457 ± 23 Bazett 407 ± 23 

376 ± 20; 

<0.001 

NR NR 
NR NR 62 ± 12 31 ± 6; <0.001 

Galetta89 53 ± 15 458 ± 33 Bazett NR - NR NR NR NR 50 ± 14 35 ± 6; 0.001 

Galetta4 51 ± 12 NR NR 404 ± 18 402 ± 22; NS NR NR 4.2 ± 1.3 6.8 ± 1.3; <0.001 NR NR 

Krantz155 61 ± 3* NR Bazett 415 ± 12* 409 ± 6*; 0.6 NR NR NR NR 67 ± 6^ 26 ± 3^; 0.001 

Krantz168 53 (45-70) 452 ± 78 Fridericia 415 (403-445) - 450 4, 21%  NR NR NR NR 

Mont56 53 ± 17 411 ± 41 NR 391 ± 18 - 440 0  NR NR 42 ± 13 - 

Nahshoni169 NR 471 ± 52 Bazett 464 ± 37 - NR NR NR NR 70 ± 16 - 

Nussinovitch1

70 
63  380 ± 26 Bazett 394 ± 30 390 ± 18; NS 

NR NR 
NR NR NR NR 

O’Connor64 52 ± 7 431 ± 33 Framingham 405 ± 27 - NR 5, 15%  NR NR NR NR 

Olivares171 
57 ± 12 NR Bazett 433 ± 34 

401 ± 17; 

<0.05 

440 3, 8%  
NR NR 53 ± 23 36 ± 24; <0.05 

Padfield75 74 ± 15 NR Bazett 416 ± 29 426 ± 24; 0.06 460 6, 10%  NR NR NR NR 

Panagiotopou

los127 
58 ± 16 NR Bazett 392 ± 26 

406 ± 20; 

0.002 

NR NR 
NR NR 41 ± 25* 50 ± 21*; 0.02 

Peebles151 56 ± NR NR NR 388  - NR NR NR NR NR NR 

Roche172 
65 ± 11 377 ± 29 Bazett 399 ± 18 

417 ± 12; 

<0.01 

440 1, 10%  
1.3 ± 0.7 2.0 ± 1.0; <0.02 NR NR 

Roche85 
73 ± 12 374 ± 29 

Bazett 
388 ± 20 

412 ± 14; 

<0.05 

440 0  
1.4 ± 1.4 2.0 ± 1.0; NS NR 

NR 

Takimoto173 NR NR Bazett 470 ± 27 - NR NR NR NR 55 ± 16 - 

Ulger154 
61 ± 8 415 ± 40.34 Bazett 424 ± 29 

376 ± 25; 

<0.0001 

440 3, 27%  
NR Inpatient 71 ± 30 30 ± 13; <0.0001 
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Study HR  

Mean ± 

SD/SE* or 

median 

(IQR) (bpm) 

QT Mean 

± SD (ms) 

QT 

Correction 

Formula 

Used 

QTc  

Mean ± SD/SE* 

or median (IQR) 

(ms) 

Controls 

Mean QTc ± 

SD/SE*  

P value vs AN 

Threshold of 

Prolonged 

QTc 

Prolonged 

QT 

N, %  

HR Variability 

Mean ± SD or 

median (IQR) 

(LF/HF) 

Control HR 

Variability 

Mean ± SD; P 

value vs. AN 

QT/QTc* 

Dispersion 

Mean ± SD/SE^ 

(ms) 

Control 

QT/QTc* 

Variability 

Mean ± 

SD/SE^; P value 

vs. AN 

Vanderdonckt
124 

81% of 

patients <60 

bpm 

413 ± 44 Bazett 382 ± 30 - 

450 1, 2%  

NR NR NR NR 

Vazquez174 
57 ± 12 439 ± 36 Bazett 436 ± 36 

391 ± 24; 

0.001 

440 12, 40%  
NR Outpatient 59 ± 23 38 ± 8; 0.000 

Walter152 
57 ± 12 417 ± 40 Hodge’s 412 ± 31 - 

500 1, 1%  
NR Inpatient NR NR 

Yahalom79 
44 ± 12 NR NR 390 ± 24 

340 ± 18; 

<0.001 

NR 0  
NR NR NR NR 

HF/LF: high/low frequency; HR: heart rate (bpm); LV: left ventricle; LVEF: left ventricular ejection fraction; NR: not reported; NS: not significant 
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Table 4.3 Follow-up data and changes in the QTc interval. 

Study Follow-up duration  

(measurement) 

 

Follow-up 

QTc AN 

Mean ± SD 

(ms) 

Follow-up QTc 

Control 

P value: AN vs. 

Control 

P value: AN 

Baseline vs. 

Follow-up 

DiVasta167 121 days (median) 390 ± 20 - - NS 

Franzoni153  28 days (value) 389 ± 21 407 ± 3 <0.05 <0.05 

Mont56 7.9 ± 3.7 months 

(mean ± SD) 

399 ± 22 - - 0.081 

Nahshoni169 “weight restored” 469 ± 32 - - 0.505 

Olivares130 9-18 months 

(range) 

409 ± 26 403 ± 15 NR 0.000 

Roche85 5 ± 2 months 

(median ± SD) 

410 ± 28 412 ± 14 NS NS 

Ulger154 1 year refeeding 

(value) 

390 ± 37 376 ± 25 NS <0.0001 

AN: anorexia nervosa; NR: not reported; NS: not significant 
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4.8 Figures 

 

Figure 4.1 PRISMA flow diagram of study selection.  

Studies were identified through database search (MEDLINE/EMBASE) and bibliography review. 

 

Figure 4.2 – Risk of bias summary. 

Study bias was assessed on nine parameters adapted from the Cochrane Collaboration Risk of Bias Tool 

and Handbook and Agency for Healthcare Research and Quality RTI Item Banks. The majority of 

parameters revealed low risk of bias. Adjustment for confounding variables (“Confounding”) was most 

commonly produced a high risk of bias, while deviations from protocol (“Protocol”) and loss of patients to 

follow-up (“Follow-Up”) did not often contribute high risk. 
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A. Mean QTc in patients with anorexia 

nervosa 

B. Mean QTc in age- sex- matched controls 

  
Pooled QTc 405 ms (95% CI 398 – 412ms) Pooled QTc 398 ms (95% CI 389 – 408ms) 
 

Figure 4.3 – Mean corrected QT interval (QTc) in patients with anorexia nervosa compared to controls. 

Sixteen studies compared mean QTc of anorexia nervosa (AN) patients to controls. Pooled QTc mean in 964 

AN patients was 405ms (95% CI 398-412ms) compared to pooled QTc in controls of 398ms (95% CI 389-

408ms). There was no difference between the two groups (Hedge’s g-statistic -0.21 (95% CI -0.78-0.30); 

p=0.43). 
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A. Mean QT dispersion in patients with 

anorexia 

B. Mean QT dispersion in age- sex- matched 

controls 

  
Pooled QT dispersion 53ms (95% CI 42–

64ms) 

Pooled QT dispersion 34ms (95% CI 29–

39ms) 

 

Figure 4.4 – Mean QT dispersion (QTd) in patietns with anorexia nervosa compared to controls 

Eight studies compared mean QTd of anorexia nervosa (AN) patients to controls. Pooled QTc mean in 499 AN 

patients was 53ms (95% CI 42-64ms) compared to pooled QTd in controls of 34ms (95% CI 29-39ms). Greater 

QTd was observed in AN patients (Hedge’s g-statistic -1.37 (95% CI -2.46 to -0.28); p<0.01). 
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Chapter 5: Evaluation of the Exercise Electrocardiogram in Anorexia 

Nervosa 

 

5.1 Summary 

Background 

Anorexia Nervosa (AN) is an eating disorder characterized by low body weight, distorted 

body image, and an intense fear of gaining weight. Electrocardiogram (ECG) changes, 

particularly in the QT interval, have been implicated in AN but not well defined. Due to the 

increased risk of sudden death in AN, investigating QT adaptation to autonomic changes 

during exercise and recovery is important in understanding risk and guiding potential 

treatment. 

Methods/Results 

Previous retrospective data suggested that the resting QT interval is normal, but QT 

adaptation to exercise is abnormal. We explored this in a prospective observational cohort 

design using structured exercise monitoring. Patients were prospectively enrolled from the 

St. Paul’s Hospital Provincial Adult Tertiary Eating Disorders Program and underwent a 6-

minute modified stress test protocol: 1 minute supine, 1 minute standing, 2 minutes walking 

at regular pace, and 1 minute supine. The Icentia CardioSTAT device was used to record a 

Lead I equivalent ECG throughout the protocol; data was analyzed for HR and QT intervals.  

Preliminary data is reported in 11 AN patients (10 female) that provided informed consent 

and completed testing (age 31±13 years, BMI 16.21±1.3 kg/m2). The corrected QT interval 

(QTc) was significantly longer at maximum HR compared to baseline and recovery (p<0.01). 

Matched control data was available for 4 AN patients, who did not show prolonged QTc at 

maximum HR (p=0.13). There were no differences between AN patients and controls at 

similar stages of exercise. Further, at similar heart rates, there was no difference in QTc 

between AN patients and healthy controls (p=0.49). 

Conclusion 

Low intensity exercise testing with a patch based recording device is feasible in 

deconditioned AN patients. At rest, individuals with AN appear to have normal QTc 

intervals. However, during exercise, the QTc prolongs and potentially represents increased 
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risk. Future data will include 3-month follow-up testing and expanded healthy control 

enrolment, in addition to more comprehensive ECG analyses. 

 

5.2 Introduction 

Eating disorders (ED) are complex psychiatric disorders associated with severe physical and 

psychological symptoms. While the greatest prevalence and incidence occur during 

adolescence, 25-29% of patients relapse throughout adulthood which may be triggered by 

stressful life events23,175,176. In addition, adult-onset ED comprises up to 10% of cases, 

although subclinical symptoms usually begin during adolescence18. ED are further classified 

by the Diagnostic and Statistical Manual (DSM-V) into anorexia nervosa, bulimia nervosa, 

binge eating disorder, and other feeding and eating disorders177. 

 

Anorexia nervosa (AN) is the least common ED but carries the highest mortality. Many of 

these deaths are sudden and may be in part due to cardiac arrhythmia32. As such, the 

electrocardiogram (ECG) is a useful tool to assess sudden unexpected death (SUD) risk as 

changes, specifically involving cardiac repolarization, have been implicated in SUD in AN 

and other conditions32,88,96,133,178. Repolarization changes in the QT interval have been studied 

in acute AN, but a consensus on the changes, and thus risk, has not been reached; studies 

report findings of shortened, unchanged, and prolonged QT intervals compared to healthy 

contols2,3,82,129,154. Further, the T-peak to end interval (Tpe), measured from the peak of the 

T-wave to return to the isoelectric line, has also been described as an arrhythmic risk factor 

but has not been studied in the AN population126. 

 

It is well documented that QT interval changes pose the most SUD risk during adrenergic 

states93. To date, only one study has analyzed the QT interval during exercise in AN patients, 

which identified impaired repolarization reserve at submaximal heart rates75. Two 

contributors to the lack of exercise-based AN research are the contraindication of exercise in 

acute AN and cumbersome nature of standard ECG recording devices. Exercise is often 

contraindicated on the basis of symptom interruption (over-exercising is a common 

behavioural manifestation of AN), as previous concerns of patient safety are not supported by 
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evidence179. The data reported by Padfield et al. (2016) suggests impaired repolarization can 

be quantified in the AN population without extensive exercise, supporting the notion that QT 

dynamics can effectively be assessed at low-level, controlled exercise while encouraging 

symptom interruption. Secondly, standard 12-lead ECG recording methods are cumbersome 

and require patients to undress which can be stressful given the low self-esteem and impaired 

body image characteristic of AN. An alternative, less invasive recording device may ease 

patient anxiety without compromising data collection. 

 

We aimed to prospectively assess the QT interval with a modified exercise protocol targeting 

patients with anorexia nervosa using a novel minimally invasive device. 

 

5.3 Methods 

5.3.1 Patients 

Patients were prospectively recruited from the British Columbia Provincial Adult Tertiary 

Eating Disorder Program from January to May 2017. All inpatients were invited to 

participate in the study and those who provided informed consent were enrolled. To facilitate 

inpatient comradery and limit exclusiveness, all ED diagnoses were approached to 

participate, although those diagnosed with AN were the primary target population. Non-AN 

patients with diagnosed ED were not included in this preliminary analysis. Where possible, 

height and weight measured on the same day as testing were used; otherwise, measurements 

taken within one week were used. Given the psychological impact of weigh-ins, only 

measurements taken for clinical purposes were used. Personal cardiac symptoms (syncope, 

chest pain, palpitations, cardiac arrest) and family history of SUD or LQTS were recorded.  

Prescribed medications were noted with special attention to cardiac medications (beta-

blocker, ACE inhibitor, etc.) or those with known cardiac effects (antidepressants, 

anxiolytics, etc.). The most recent available serum potassium levels were reported, with 

hypokalemia defined as <3.5mmol/L based on local laboratory standards. Current diagnosis 

and previous treatment history were recorded. Duration of illness was measured from the 

reported time of symptom onset. Purging behaviour (laxative or emetic) is well documented 

to alter the ECG characteristics180,181. The most recent date of purge behaviour was recorded, 
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but no patients engaged in purging behaviour once admitted to hospital. The study was 

approved by the University of British Columbia Research Ethics Board. 

 

5.3.2 Healthy Controls 

Age- and sex-matched controls were recruited through flyers and in person by the research 

staff. Controls were directly matched for age and sex to eating disorder patients and provided 

informed consent. Controls taking any cardiac, SSRI, or AAP medications, with a personal 

history of a cardiac condition, or a family history of Long QT Syndrome were excluded.  

 

5.3.3 ECG Protocol 

The iCentia CardioSTAT device was used to record a modified lead I ECG in patients; this 

device is approved by Health Canada and the British Standards Institution for cardiac 

monitoring. The device, as seen in Figure 5.1, was placed via two electrodes in the second 

intercostal space.  A modified exercise protocol was used to evaluate ECG changes over 

varying heart rates for 6 minutes (Figure 5.2). Skin was prepped and a CardioSTAT was 

applied while each patient was supine. An modified exercise test was devised based on 

previous observations that QT interval changes noted during sitting to standing, and in 

recovery after exercise are most useful in detecting Long QT Syndrome93,182-184. After one 

minute, patients stood for one minute, followed by two minutes walking at patient-

determined normal pace. Finally, patients returned supine for two minutes. 

 

5.3.4 Data and Statistical Analysis 

CardioSTAT raw data was reviewed by trained technologists at iCentia, blinded to any 

descriptive factors including case/control and anthropometric data. R-R interval, QT interval, 

and T-peak to T-end intervals (Tpe) were calculated by verified computer algorithm for each 

heartbeat for the duration of the protocol. The corrected QT interval was calculated with 

Bazett’s formula (QTc). QT prolongation was considered >460ms in females and >440 in 

males as per Long QT Syndrome diagnostic guidelines141. Further QT analyses also included 

correction by Hodges’ formula (QTh), which was previously suggested as the most accurate 
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means of correction in a sample of 100 females with AN152. However, Bazett’s formula is 

still most commonly used and Hodges’ superiority has not been consistently shown10. 

The data was divided into three groups for comparison: AN patients, non-AN patients 

diagnosed with other ED, and healthy controls. Principal comparisons were conducted with 

AN patients vs. healthy controls. The non-AN patient data was primarily used to generate 

hypotheses, as this was a more heterogeneous sample. QT interval and HR measurements at 

baseline, maximum HR, and final recovery were used for analyses. In addition, QT intervals 

from healthy control HR matched to maximum AN patient HR were compared. 

Categorical variables were compared with 2 tests. The Shapiro-Wilk test was used to 

determine approximation of normal distribution. Normally distributed continuous variables 

were reported as mean ± standard deviation and compared with the student’s t-test. 

Comparisons within groups were analyzed with a paired t-test. Nonparametric variables were 

expressed as median (interquartile range) and compared using Mann-Whitney U test. All 

statistical calculations were performed using R software, version 3.1.2 (The R Project for 

Statistical Computing, Vienna, Austria) and figures were made using Microsoft Excel 

2016107. 

 

5.4 Results 

The results presented are preliminary findings. To date, 17 inpatients and 14 age- and sex-

matched controls have been enrolled, with processed data available in 13 inpatients and 5 

healthy controls.  We aim to include 30 eating disorder patients with a 1:2 patient:control 

ratio for manuscript publication. ECG analyses including additional time points (i.e. 

transition from supine to standing, etc.) will be included for publication; given the small 

sample size of the preliminary data, these analyses were not included at present. In addition, 

current comparisons to healthy controls only included the matched AN patients. Data from 

one healthy control was not included as it was matched to a non-AN patient, and data 

comparing a single control to single patients was not deemed compelling or informative. 
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5.4.1 Anorexia Nervosa Patients 

Eleven AN inpatients (10 female) provided informed consent and completed testing (age 

31±13 years, BMI 16.21±1.29 kg/m2; Table 5.1). Median duration of illness was 25.1 months 

(1.8-76.0), with 6 patients (55%) having received previous formal treatment. Eight patients 

were prescribed psychopharmacotherapy, and one other patient was taking propranolol. 

Serum potassium levels were available in 8 patients; one patient was slightly hypokalemic at 

3.3 mmol/L and the rest were within normal range. Four patients had a history of purging 

behaviour, but none had purged at least one week prior to testing.  

 

Four patients reported a personal or family history of cardiac symptoms. One had a history of 

palpitations, and another had a history of chest pain. One patient had a positive family history 

wherein a second-degree relative died suddenly; few details were available surrounding the 

death, but arrhythmic SUD could be not definitively ruled out. The fourth patient survived 

sudden cardiac arrest four months prior to study enrolment. At the time of her arrest, the 

patient was engaging in purging behaviour and was severely hypokalemic (serum potassium 

= 2.2mmol/L); both of these were resolved at the time of evaluation.  

 

5.4.2 Non-AN Patients 

Two non-AN patients were enrolled: one female aged 57 years and one male aged 53 years 

(Table 1). Both were diagnosed with Other Specified Feeding and Eating Disorder and 

displayed subdiagnostic symptoms of binge eating disorder, without purging. As such, the 

BMIs of these patients were greater than those in AN (p=0.03) and considered overweight by 

normal standards (BMI > 25 kg/m2). Compared to AN patients, the non-AN patients had 

longer duration of illness (p=0.03) but did not differ in serum potassium (p=0.64). Both non-

AN patients were taking psychopharmacotherapy. 

 

5.4.3 AN Patient Cardiovascular Evaluation  

Baseline HR in AN patients was 67±11bpm which increased to a maximum 126±35bpm. 

From baseline to maximum HR, QTc increased (QTc) 128±81ms. QTc was significantly 

longer at maximum HR compared to baseline and recovery (p<0.01). There was no 
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difference between QTc nor HR at baseline and recovery (p=0.88 and 0.23, respectively). 

Figure 3 shows QTc values for each participant at baseline, maximum HR, and end recovery. 

The QTc interval continually increased in two patients, who had the two shortest durations of 

disease of the cohort (0.7 and 1.5 months) but did not differ from the rest of the cohort in any 

other parameters. 

 

At maximum HR, median QTc (Bazett) was dramatically abnormal (483 [435-561] ms), but 

QTh (Hodges) fell within normal range (355 [322-381] ms). QTc was longer than QTh 

(p<0.01). By Bazett’s formula, 7 patients (64%) showed QTc prolongation at maximum HR, 

while only 1 (9%) had QTc prolongation by Hodges’ formula. 

 

Mean baseline Tpe was 81±15ms, and decreased to 74±26ms at maximum HR. At end 

recovery, mean Tpe increased (99±46ms) although the difference was not significant 

compared to baseline or maximum HR. 

 

5.4.4 Comparison to Healthy Controls 

Patients and controls were well matched (Table 2). At baseline, control HR was 59±12, 

which increased to a maximum 140±52bpm. Over this change, QTc was 118 (91-142)ms 

although values did not significantly differ from baseline or from patients (p=0.13-0.80). 

Mean Tpe was 100±18ms at baseline, decreased to 83 ± 50ms at maximum HR, and 

increased to 98±14ms at end recovery. These values were not significantly different at any 

stage from each other or from AN patients (p=0.18-0.85). There were no differences between 

other ECG parameters (HR, QT, QTc, QT, etc.) in patients and controls (p=0.34-0.89; 

Figure 4). However, as shown in Figure 4, patient QT intervals did not appear to shorten at 

maximum HR, and also appeared to reach lower maximum HR compared to controls 

although baseline and end recovery values were similar. 

 

To adjust for differences in maximum HR reached, QTc intervals from controls at similar HR 

to the maximum HR achieved by their AN counterparts were analyzed (Figure 5). There 
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were no differences between the patients and controls: 531 (468-610) ms vs. 485 (427-543) 

ms, p=0.69.  

 

5.4.5 Non-AN Patient Cardiovascular Evaluation 

Both patients had similar baseline HR (61 and 65bpm) and returned to similar rates at end 

recovery (60 and 59bpm, respectively). Both patients showed the same pattern of relative 

changes, but Patient 13 showed more pronounced changes. Each patient had prolonged QTc 

at one time point. Patient 12’s QTc interval was 471ms at maximum HR, while Patient 13 

had a borderline prolonged QTc interval at end recovery (461ms). 

 

5.5 Discussion 

5.5.1 Resting QTc Interval 

Current reports comparing resting QTc intervals in AN patients and controls are 

heterogeneous; as presented in a 2008 meta-analysis by Lesinskiene et al. and in Chapter 4 – 

The QT Interval in Anorexia Nervosa: a Systematic Review and Meta-Analysis, a clear 

consensus has not been reached2. As such, the finding in this study that baseline resting QTc 

intervals were not different in AN patients compared to controls is not unusual.  

 

5.5.2 Change in QTc from Baseline to Maximum HR 

The QTc increased in AN patients from baseline to maximum HR, but did not in healthy 

controls. Marked corrected QT interval prolongation during exercise has been previously 

described in congenital Long QT Syndrome patients, and is suggested as a marker of 

increased arrhythmic risk182.  

 

The magnitude of change in QTc at increased HR (QTc 128±81ms) appeared to be greater 

than previously reported in the AN population. Padfield et al. (2016) was the only study to 

investigate QT changes over a gradient of HR changes in AN, and reported QTc 

37±28ms75.   
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Two main patient population differences between the Padfield study and the current study 

may account for the difference. First, the Padfield study population consisted of patients 

deemed clinically well enough to perform complete clinical exercise testing. In contrast, the 

present study included deconditioned inpatients with strict activity monitoring on the ward. 

Secondly, this study included adult patients (age 31±13 years) wherein the other was of an 

adolescent population (age 15.6±1.9 years). Age differences in QT dynamics have been 

demonstrated to be maintained throughout exercise, although a meta-analysis of AN patients 

did not reveal any differences in QTc between two similarly aged groups (15.4±1.6 vs. 

25.4±4.4 years)2,185.  

 

5.5.3 Comparison of QT Throughout Exercise to Healthy Controls 

Patient QT interval trended towards being longer compared to control at elevated HR, both at 

maximal HR (Figure 5.4) and matched HR (Figure 5.5). As the sample size grows, this data 

will potentially inform arrhythmic risk assessment during exercise in the AN population. 

These data are similar to the findings of Padfield et al75. Failed QT shortening during 

exercise in AN patients may present a marker for arrhythmia risk as seen in congenital Long 

QT Syndrome93.  

 

5.5.4 Other ECG Modifiers and Parameters 

The majority of patients were prescribed psychopharmacotherapies, which have been 

demonstrated to prolong the QT interval in normal-weight populations and AN case reports, 

but not in a cohort of AN patients as described in Chapter 3 – Electrocardiographic Markers 

of Repolarization in Eating Disorders: a Case Control Study68,160,168,186,187. As such, we do 

not believe this had a significant impact on the results although the possibility cannot be 

definitively ruled out. 

 

Increased Tpe has been identified as a marker of arrhythmic risk126,136; interestingly, Tpe 

trended towards being increased in healthy controls compared to AN patients. Inclusion of 

more patients is warranted to clarify any differences in these populations. 
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5.5.5 QT Correction Formulae 

The results of this study exemplify the importance of QT correction formula with elevated 

HR. Specifically, when correcting QT intervals at maximum HR by Bazett’s formula, 64% of 

patients showed prolonged QT, while only 9% of patients were prolonged by Hodges’ 

formula. These values may have clinical implications as prescription QT-altering 

medications and activity restrictions may be determined by the QTc interval. Further, 2/4 

controls had prolonged QTc by Bazett’s while none had prolonged QTc by Hodges’ 

correction. Bazett’s formula is consistently noted to be inferior to other formulae and 

overcorrect at higher HR, but is still the most commonly used method of QT correction in 

both the literature and clinical AN settings2,9,10,152. A clearly superior formula to replace 

Bazett’s has not been identified, so researchers and clinicians continue to rely on this less 

than ideal method.  

 

5.5.6 Future Planned Analyses 

In addition to continuing enrollment and control-matching, we have begun collecting 3-

month follow-up data on AN patients. Future analyses will include comparison of the follow-

up data to baseline and to healthy controls. In addition, correlations of clinical characteristics 

(i.e. BMI, age, duration of illness) to QTc will be analyzed at baseline, maximum HR, and 

end recovery; at present, too few patients are enrolled to produce informative results. These 

analyses will be important as a single ECG change is not sufficient to stratify SUD risk, but 

rather should be combined with clinical presentation and concurrent ECG changes to assess 

risk188. Further, analysis of additional non-AN patient data will prompt hypotheses for future 

research, potentially discerning altered QT dynamics across eating disorder diagnoses. 

As stated, the study aims to include 30 AN patients with follow-up and a 2:1 control:patient 

matched ratio. We plan to complete enrolment by October 2017. 

 

5.6 Conclusion 

The preliminary results suggest comparable ECG changes throughout exercise in AN 

patients; however, enlargement of the sample size may clarify potential trends observed. 
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Specifically, the QT interval may fail to appropriately shorten in acute AN at elevated HR, 

suggesting patients at increase arrhythmic risk. 
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5.7 Tables 

Table 5.1 Clinical characteristics of AN and non-AN patients. 

Characteristic AN Patient (n=11) Non-AN Patient (n=2) 

Age (years) 31±13 55±3 

BMI (kg/m2) 16.21±1.29 28.9±5.5 

Sex (% female) 91% 50% 

Duration of illness 

(median [IQR]) 

25.1 (1.8-76.0) months 5-32 years 

Previous treatment (n, %) 6, 55% 2, 100% 

Psychopharmacotherapy(n, 

%) 

8, 73% 2, 100% 

Other cardiac medications 

(n, %) 

1, 9% 0 

Serum potassium 

(mmol/L) 

4.0 ± 0.3 (n=8) 4.3 ± 0.7 

History of purging (n, %)* 4, 36% 0 

*No patients purged within 1 week of testing 

 

Table 5.2 Demographics of patients and controls 

Demographic Matched AN Patient 

(n=4) 

Healthy Controls (n=4) P-value  

Age 25±7 25±7 0.94 

BMI (kg/m2) 16.4±1.7 22.7±1.7 <0.01 

Sex (% female) 75% 75% 1.00 
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5.8 Figures 

 

Figure 5.1 The iCentia CardioSTAT device. 

The device measures 14.0x3.2x0.5cm and is attached to the patient by two electrodes. 

 

 

Figure 5.2 Modified exercise protocol. 

Patients completed the protocol at baseline and 3-month follow-up, while healthy controls completed the 

protocol once. 
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Figure 5.3 Corrected QT intervals at three time points. 

QTc significantly increased at maximum HR compared to baseline (383±23ms vs. 511±91ms, p<0.01). Each 

line represents one AN patient. 
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Figure 5.4 QT interval and HR 

There was no difference in QT interval or HR at any stage between AN patients and matched healthy controls 

(p=0.13-0.8). Error bars = standard error of the mean. 
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Figure 5.5 QTc of AN patients and controls at matched maximum HR. 

There was no difference between corrected QT (QTc) interval in AN and controls at HR matched to the 

maximum of AN patients (109 [90-126] bpm vs. 115 [90-138] bpm, p=0.49). 
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Chapter 6: Conclusion 

 

6.1 Summary of Findings 

6.1.1 Overarching Hypothesis One 

The first hypothesis was that comprehensive cardiac testing is an effective and cost-efficient 

means of evaluation. The study outlined in Chapter 2 –  Cost Analysis of Patients Referred 

for Evaluation of Inherited Heart Rhythm Disorder was designed to address this hypothesis. 

As described, the systematic cardiac evaluations revealed high diagnostic yield (77%) at a 

reasonable cost per patient ($1340 CAD). The remaining research of this thesis evaluated the 

utility of cardiac testing in the eating disorder, specifically anorexia nervosa, population; by 

first establishing that complex, multidisciplinary cardiac evaluations can have high 

diagnostic yield at costs comparable to other conditions, we established economic support for 

such investigations. 

 

6.1.2 Overarching Hypothesis Two 

Secondly, we hypothesized that psychopharmacotherapies will alter the ECG in the setting of 

AN and EDNOS/OSFED/UFED. Data presented in Chapter 3 – Electrocardiographic 

Markers of Repolarization in Eating Disorders: a Case-Control Study did not support this 

hypothesis. There was no difference in the corrected QT interval of patients on and off 

medications, or within patients across medication states. Psychopharmacotherpy may alter 

other aspects of the ECG in eating disorders, although we would not expect this to hold a 

significant effect on mortality risk as the QT interval is the most common repolarization 

parameter associated with sudden unexpected death. 

 

6.1.3 Overarching Hypothesis Three 

Finally, we hypothesized that cardiac repolarization in anorexia nervosa will differ from 

healthy controls and accepted norms at rest and during exercise.  

In Chapter 3 – Electrocardiographic Markers of Repolarization in Eating Disorder: a Case 

Control Study, the observed mean corrected QT interval of eating disorder patients was 

shorter than in healthy controls. As discussed, this was potentially a byproduct of the 
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overcorrection observed using Bazett’s QT correction formula at low heartrates. Nonetheless, 

two eating disorder patients had a borderline prolonged QTc interval (>460ms, 470ms), 

suggesting a subpopulation may be susceptible to QT prolongation. The specific abnormal T-

wave morphologies observed in eating disorder patients were different than healthy controls. 

Morphologies commonly linked to morbidity and sudden death (i.e. inversion and flattening) 

 

While Chapter 4 – The QT Interval in Anorexia Nervosa: a Systematic Review and Meta-

Analysis did not conclude a difference in the resting QTc interval of AN patients compared to 

controls, a difference was observed in QT dispersion. The systematic review of 26 studies 

revealed a heterogeneous mix of methods and results, suggesting further standardized 

research is needed to conclusively elucidate the intricacies, if any, of repolarization in AN. 

However, meta-analysis of 8 studies showed elevated QT dispersion in AN patients 

compared to controls. In fact, greater QT dispersion was described in all but one study 

analyzed. QT dispersion has been independently linked to sudden death, and as such may 

present a more useful marker of mortality risk than resting QTc interval in this population. 

 

Finally, the preliminary data presented in Chapter 5 – Evaluation of the Exercise 

Electrocardiogram in Anorexia Nervosa did not reveal any differences between patients and 

controls, although a significant increase in QTc at maximum HR in AN patients was 

observed. As we continue to collect data and expand this cohort, important findings 

regarding the QT interval during exercise and follow-up will be assessed.  

 

6.2 Strengths and Limitations 

Overall, the work of this thesis is most strengthened by the multitude of approaches taken to 

evaluate repolarization in eating disorders. Retrospective review, systematic analysis of the 

literature, and prospective assessment all failed to report incriminating evidence regarding 

the resting QT interval. The consistency of results observed across these methodologies 

suggests validity in the findings. 
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Given the systemic nature of AN, adjusting and accounting for all potential confounding 

variables is extremely difficult and is a great limitation to research. As was observed in 

Chapter 4, the risk of confounding bias is exceptionally tough to elude in this patient 

population. Unfortunately, observational studies are the most feasible and accurate way to 

assess sudden death risk, but also prove difficult to control for potential confounding 

variables while assessing a representative population. 

 

6.3 Clinical Relevance and Potential Translational Impact 

The combined results of this study contradict previous belief and suggest that the resting QT 

interval may not hold significant clinical importance in AN patients. The retrospective chart 

review revealed very few QT intervals in borderline prolonged range, and a meta-analysis did 

not reveal any difference from healthy controls. Regardless, cardiac repolarization does still 

appear to be altered in AN as visualized by other parameters, with changes in T-wave 

morphology and QT dispersion at rest, and possibly in the QT interval during exercise. The 

vast majority of AN patients have resting ECGs performed for clinical purposes; as such, an 

additional test does not need to be ordered to evaluate these parameters. Exercise testing is 

often performed near hospital discharge in AN patients to assess cardiac function; 

incorporating lower-impact testing at earlier treatment points and greater disease severity 

may provide clinical insight. 

 

Translation of this research will be important to inform healthcare providers of the shift in 

focus regarding cardiac repolarization and associated sudden unexpected death risk. As most 

clinical research is founded by hypotheses developed on the wards, encouraging clinicians to 

evaluate repolarization markers other than the resting QT interval may spark future research 

and greater understanding.  Although the absolute risk may be small, sudden death is such a 

finite tragedy that any potential reduction in this risk should be explored, especially if a test 

as simple as a resting ECG can be of use. 
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6.4 Future Directions 

As the vast majority of cardiac repolarization research has focused on the resting QT interval, 

the most important future research direction is to explore other repolarization markers, such 

as T-wave morphology and QT dispersion. Given the potentially altered QT dynamics during 

exercise, evaluating T-wave and QT dispersion parameters in this setting may also be 

insightful. A longitudinal study evaluating cardiac repolarization over disease progression 

and remission would provide the most reliable insight into the clinical and diagnostic 

implications of cardiac and other parameters. Further, assessing the resting QT interval with 

consistent thresholds of abnormality will be important to identify a subset of patients, if any, 

with increased risk. Although the research in this thesis does not suggest the resting QT 

interval to be particularly useful as a marker of sudden death risk, other parameters have been 

identified and we have moved closer to preventing the tragedy of sudden death in anorexia 

nervosa. 
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Appendices 

 

Appendix A  Cost Analysis Supplemental Materials 

 

A.1 Definitions of the Most Common IHRD Diagnoses. 

IHRD Diagnosis Common 

Symptomology 

Circumstances 

(Syncope, SCA, SUD) 

ECG/Clinical Testing 

Hallmarks 

Number of 

Patients in Cohort 

with Diagnosis 

[any strength] 

Arrhythmogenic 

Right Ventricular 

Cardiomyopathy 

(ARVC) 

Occasionally exercise 

(no typical 

circumstance) 

Inverted T-waves in 

anterior precordial 

leads on ECG 

Right ventricular fat 

infiltration/scarring on 

MRI 

See 2010 Task Force 

Criteria 

96 (15%) 

Brugada Syndrome 

(BrS) 

Sleep/rest, febrile ST elevation in anterior 

precordial leads on 

ECG, especially with 

high lead placement 

Abnormal SAECG 

Positive procainamide 

challenge 

99 (16%) 

Catecholaminergic 

Polymorphic 

Ventricular 

Tachycardia 

(CPVT) 

Exercise, excitable 

state 

Irregular polymorphic 

ventricular tachycardia 

on exercise stress test 

20 (3%) 

Long QT Syndrome 

(LQTS) 

Exercise, sudden 

excitement/auditory 

stimulus, swimming, 

QT prolonging drugs 

Prolonged QT interval 

on ECG 

Impaired QT interval 

response on exercise 

stress test/epinephrine 

challenge 

103 (17%) 
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A.2 Discharges from Inherited Arrhythmia Clinic 

 

The majority of discharges were due to patients deemed unaffected by IHRD (73%).  Both 

patient-decided reasons contributed to 13% of discharges and follow-up with other caregivers 

comprised 12%. 

  

Patient-
Decided

Other 
Follow-Up

Unaffected/Low Risk
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A.3 Pre- and Post-Referral Test Distribution 

 

The proportion of evaluations completed before and after referral to the BCIAP varied by test 

type.  The vast majority of angiograms and electrophysiology (EP) studies were completed 

before referral, while Signal Averaged ECGs and Epinephrine and Procainamide Infusions 

were typically performed after referral. 
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A.4 Pre- and Post-Referral Tests Completed 

 

Before referral to BCIAP, patients had a median of 1 (IQR 0-2) tests.  After referral, this 

increased to 2 (IQR 1-3).  Patients had significantly more testing after referral to BCIAP (p < 

0.001).  
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A.5 Pre- and Post-Referral Costs 

 

Before referral to BCIAP, testing cost a median $187 per patient (IQR $0-$828).  After 

referral, this increased to $330 (IQR $142-818).  The cost per patient was significantly higher 

after referral to BCIAP (p < 0.001). 
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A.6 Change in Diagnosis From Referral After BCIAP Evaluation 

 

IHRD: Inherited Heart Rhythm Disorder, SUD: Sudden Unexpected Death; SCA: Sudden 

Cardiac Arrest. 

 

  

Patients with 
available 

diagnosis data; 
n=515

Primary 
Referrals; 

n=249

Change in 
diagnosis; 

n=107

By phenotype; 
n=77

By genotype; 
n=3

By both; n=27

No change in 
diagnosis; 

n=142

No change in 
strength; n=51

Change in 
strength; n=91

Stronger; n=58

Change in 
basis; n=15

No change in 
basis; n=43

Weaker; n=33

Change in 
basis; n=8

No change in 
basis; n=25

Family 
Members; 

n=266

Previous testing 
suggsted 

diagnosis; n=12

Known IHRD in 
family member; 

n=146

Confirm 
diagonsis; n=52

Possible 
diagnosis; n=22

Unaffected; 
n=72

SUD/SCA in 
family member; 

n=108

IHRD diagnosis; 
n=26

Possible 
diagnosis; n=34

Unaffected; 
n=48
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Appendix B  Systematic Review Supplemental Materials 

 

B.1 PRISMA Checklist 

Section/topic # Checklist item Report 

page # 

Title    

Title 1 Identify the report as a systematic review, meta-analysis, or both. 39 

Abstract    

Structured 

summary 

2 Provide a structured summary including, as applicable: background; objectives; 

data sources; study eligibility criteria, participants, and interventions; study 

appraisal and synthesis methods; results; limitations; conclusions and implications 

of key findings; systematic review registration number. 

N/A 

Introduction    

Rationale 3 Describe the rationale for the review in the context of what is already known. 39 

Objectives 4 Provide an explicit statement of questions being addressed with reference to 

participants, interventions, comparisons, outcomes, and study design (PICOS). 

40 

Methods    

Protocol 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 

address), and, if available, provide registration information including registration 

number.  

40 

Eligbility 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 

characteristics (e.g., years considered, language, publication status) used as criteria 

for eligibility, giving rationale.  

40 

Sources 7 Describe all information sources (e.g., databases with dates of coverage, contact 

with study authors to identify additional studies) in the search and date last 

searched.  

40 

Search 8 Present full electronic search strategy for at least one database, including any 

limits used, such that it could be repeated.  

94 

Selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 

systematic review, and, if applicable, included in the meta-analysis).  

40 

Collection 10 Describe method of data extraction from reports (e.g., piloted forms, 

independently, in duplicate) and any processes for obtaining and confirming data 

from investigators.  

40 

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 

sources) and any assumptions and simplifications made.  

40 

Bias in studies 12 Describe methods used for assessing risk of bias of individual studies (including 

specification of whether this was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

41 

Summary 

measures 

13 State the principal summary measures (e.g., risk ratio, difference in means).  41 

Synthesis 14 Describe the methods of handling data and combining results of studies, if done, 

including measures of consistency (e.g., I2) for each meta-analysis.  

41 

Bias across 

studies 

15 Specify any assessment of risk of bias that may affect the cumulative evidence 

(e.g., publication bias, selective reporting within studies).  

41 

Additional 

analyses 

16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 

meta-regression), if done, indicating which were pre-specified.  

41 

Results    

Selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 

review, with reasons for exlusions at each stage, ideally with a flow diagram.  

53 

Characteristics 18 For each study, present characteristics for which data were extracted (e.g., study 

size, PICOS, follow-up period) and provide the citations.  

48 
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Bias within 

studies 

19 Present data on risk of bias of each study and, if available, any outcome level 

assessment (see item 12).  

53 

Results 20 For all outcomes considered (benefits or harms), present, for each study: (a) 

simple summary data for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

52 

Synthesis 21 Present results of each meta-analysis done, including confidence intervals and 

measures of consistency.  

42 

Bias across 

studies 

22 Present results of any assessment of risk of bias across studies (see Item 15).  42 

Additional 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 

meta-regression).  

N/A 

Discussion    

Summary 24 Summarize the main findings including the strength of evidence for each main 

outcome; consider their relevance to key groups (e.g., healthcare providers, users, 

and policy makers).  

44 

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-

level (e.g., incomplete retrieval of identified research, reporting bias).  

47 

Conclusion 26 Provide a general interpretation of the results in the context of other evidence, 

implications future research.  

47 

Funding    

Funding 27 Describe sources of funding for the systematic review and other support (e.g., 

supply of data); role of funders for the systematic review. 

N/A 

 

B.2 Search Strategy of Medline and Embase 

1.  exp anorexia nervosa/ USE mesd 

2.  exp anorexia nervosa/ USE emezd 

3.  (anorexia or eating disorder*).ti,ab. 

4.  or/1-3 

5.  exp electrocardiogram/ or exp long QT syndrome USE mesd 

6.  exp electrocardiogram/ or exp long QT syndrome USE emezd 

7.  qt.mp. 

8.  or/5-7 

9.  4 and 8 

10.  limit 9 to humans 

11.  limit 10 to yr="2000-Current" 

12.  11 not exp newborn/ not exp infant 

13.  12 not (case report* or review* or comment* or editorial* or note* or conference 

abstract*).pt. 

14.  ..dedup 13 
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B.3 Risk of Bias Domains Assessed 

Sampling Is there consecutive or random participant sampling? 

Inclusion/Exclusion Are key inclusion/exclusion criteria clearly stated and defined by valid and 

reliable measures? 

Protocol Did the study vary from the protocol proposed by the investigators? 

Follow-up Did attrition from any group exceed 20% for short term (<1 year) or 30% for 

longer term (>1 year) studies? If so, were potential effects on results noted? 

Validity Was the data reviewed manually or automatically? 

Reporting Are important primary outcomes missing from the results? 

Measurements Were valid and reliable measures used consistently across all study participants 

to assess outcomes, exposures or interventions? 

Confounding Were important confounding and effect modifying variables accounted for in the 

design and/or analysis? 

Detection Is the study design prospective, retrospective, or mixed? 
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B.4 Risk of Bias in Individual Studies 

Study Sampling Inclusion/ 

Exclusion 

Protocol Follow-up 
Validity 

Reporting Measurements Confounding Detection 

Biadi128 Low Low Low N/A Low Low Low High Low 

Billeci82 Low Low Low N/A High High High Low Low 

DiVasta167 Low Low Low High Low High Low Low Low 

Ertugrul129 Low High Low N/A Low Unclear Low Low High 

Facchini86 Low High High N/A Low Low High Low Unclear 

Franzoni153 Unclear Unclear Low Low Low High Low High Low 

Galetta89 Unclear Low Low N/A Low Unclear Low High Low 

Galetta4 Unclear Low Low N/A Unclear Unclear Low High Unclear 

Krantz155 Unclear High Low N/A Low Low Low High Low 

Krantz168 Low Low Low N/A Low Low Low Low Low 

Mont56 Low Low Unclear Low Unclear Low Low Low Low 

Nahshoni169 Low Low Low N/A Low Low Low Low Low 

Nussinovitch170 Unclear High Low N/A High Low Low High Low 

O’Connor64 High Low Low N/A Low Low Low Low Low 

Olivares171 Unclear High Low N/A Low High Low High Low 

Padfield75 Low Low Low N/A Low Unclear Low High Unclear 

Panagiotopoulos127 Low Low Low N/A Low Unclear Low High High 

Peebles151 High Low Unclear N/A Unclear High Low Low High 

Roche172 High Low Low N/A High Unclear Low Low Low 

Roche85 Unclear High Low Low High High Low Unclear Low 

Takimoto173 Unclear Low Low N/A High Unclear High Low Low 

Ulger154 Unclear Low Low Low Low High Low Low Low 

Vanderdonckt124 Low Low High N/A Low Low Low High High 

Vazquez174 Unclear Low Low N/A Low Unclear Low High Unclear 

Walter152 Unclear Low Low N/A Unclear Low Low Unclear High 

Yahalom79 Low Low Low N/A Unclear Low Low High High 
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B.5 Correlates of Corrected QT interval 

 

A. Correlation of BMI and QTc 

Study BMI vs. QTc r 

value/linear 

coefficient* 

BMI vs. QTc p 

value 

Biadi128 NR NS 

DiVasta167 -2.5* NS 

Krantz168 -0.30 0.20 

Nahshoni169 NR NS 

Padfield75 <0.05 >0.15 

Panagiotopoulos127 0.28 0.03 

Takimoto173 NR NS 

Vanderdonckt124 0.08 >0.05 

Yahalom79 -0.522 0.001 

 

B. Correlation of BMI and serum electrolytes. 

Study Electrolyte vs. 

QTc r value 

Electrolyte vs. 

QTc p value 

Franzoni153 NR NS 

Galetta4 NR NS 

Nahshoni169 NR NS 

Vanderdonckt124 -0.44 <0.05 
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B.6 Reporting of Confounding Variables 

Study Illicit drug use Congenital 

LQTS 

Diabetes 

mellitus 

Medication 

status 

 Serum 

electrolytes 

Biadi128 NR Yes Yes Yes Yes 

Billeci82 NR NR NR NR Yes 

DiVasta167 NR NR NR NR Yes 

Ertugrul129 NR NR NR NR NR 

Facchini86 NR NR NR Yes Yes 

Franzoni153 NR NR NR Yes Yes 

Galetta89 NR NR NR Yes Yes 

Galetta4 NR NR NR Yes Yes 

Krantz155 NR NR NR NR Yes 

Krantz168 NR NR NR Yes Yes 

Mont56 NR NR NR Yes Yes 

Nahshoni169 NR NR NR Yes Yes 

Nussinovitch170 NR NR Yes Yes Yes 

O’Connor64 NR NR Yes NR Yes 

Olivares171 NR NR NR NR NR 

Padfield75 NR Yes NR Yes Yes 

Panagiotopoulos12

7 
NR NR NR NR Yes 

Peebles151 NR NR NR NR Yes 

Roche172 NR NR Yes NR NR 

Roche85 NR NR NR NR NR 

Takimoto173 NR NR NR Yes Yes 

Ulger154 NR NR NR NR NR 

Vanderdonckt124 NR NR NR Yes Yes 

Vazquez174 NR NR NR NR NR 

Walter152 NR NR NR NR NR 

Yahalom79 NR NR NR NR NR 

 

 


	Abstract
	Lay Summary
	Preface
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	Acknowledgements
	Dedication
	Chapter 1: Introduction
	1.1 Cardiac Electrophysiology and the Electrocardiogram
	1.1.1 Heart Rate
	1.1.2 Cardiac Repolarization & the QT Interval
	1.1.2.1 QT Correction Formulae

	1.1.3 Sudden Cardiac Arrest and Death

	1.2 Eating Disorders
	1.2.1 The Diagnostic and Statistical Manual of Mental Disorders
	1.2.2 Incidence and Prevalence of Eating Disorders
	1.2.3 Mortality

	1.3 Anorexia Nervosa
	1.3.1 Sub-classifications of Anorexia Nervosa
	1.3.2 Anorexia Nervosa in Society
	1.3.3 The Risk Factors for Developing Anorexia Nervosa
	1.3.4 Disease Course and Treatment
	1.3.5 Comorbidities and Systemic Manifestations of AN
	1.3.5.1 Serum Electrolyte Imbalance
	1.3.5.2 Mood Disorders
	1.3.5.3 Cardiac Abnormalities


	1.4 Heart Rhythms in Anorexia Nervosa
	1.4.1 Bradycardia
	1.4.2 QT Interval

	1.5 Implications of Research
	1.6 Overarching Hypotheses

	Chapter 2: Cost Analysis of Patients Referred for Evaluation of Inherited Heart Rhythm Disorder
	2.1 Summary
	2.2 Introduction
	2.3 Methods
	2.3.1 Patients
	2.3.2 Evaluations
	2.3.3 Costs
	2.3.4 Data Analysis
	2.3.5 Statistical Methods

	2.4 Results
	2.5 Discussion
	2.5.1 Rationale for Specialized Programs
	2.5.2 Cascade Screening
	2.5.3 Comparison with Other Complex Cardiac Diagnoses
	2.5.4 Variations According to Patient Type
	2.5.5 Limitations

	2.6 Conclusions
	2.7 Relation to Eating Disorder Population
	2.8 Tables
	2.9 Figures

	Chapter 3: Electrocardiographic Markers of Repolarization in Eating Disorders: A Case Control Study
	3.1 Introduction
	3.2 Methods
	3.3 Results
	3.3.1 Comparison to Healthy Controls
	3.3.2 Effect of Psychopharmacotherapy on the ECG

	3.4 Discussion
	3.5 Conclusion
	3.6 Figure

	Chapter 4: The QT Interval in Anorexia Nervosa: a Systematic Review and Meta-Analysis
	4.1 Summary
	4.2 Introduction
	4.3 Methods
	4.3.1 Search Strategy and Data Extraction
	4.3.2 Population and Outcomes
	4.3.3 Study Quality and Analysis
	4.3.4 Data Synthesis

	4.4 Results
	4.4.1 Population
	4.4.2 Study Quality
	4.4.3 QTc Interval at Baseline/Single Time-Point
	4.4.4 Factors Affecting QTc Calculation
	4.4.5 QTc Interval at Follow-Up
	4.4.6 QT Prolonging Factors
	4.4.7 QT Dispersion (QTd)
	4.4.8 Sudden Death

	4.5 Discussion
	4.5.1 The QTc Interval in Anorexia Nervosa
	4.5.2 QTd in Anorexia Nervosa
	4.5.3 Bradycardia and the QT Correction Formulae
	4.5.4 Risks for Bias
	4.5.5 Sudden Unexpected Death in AN
	4.5.6 Directions for Future Research
	4.5.7 Limitations

	4.6 Conclusion
	4.7 Tables
	4.8 Figures

	Chapter 5: Evaluation of the Exercise Electrocardiogram in Anorexia Nervosa
	5.1 Summary
	5.2 Introduction
	5.3 Methods
	5.3.1 Patients
	5.3.2 Healthy Controls
	5.3.3 ECG Protocol
	5.3.4 Data and Statistical Analysis

	5.4 Results
	5.4.1 Anorexia Nervosa Patients
	5.4.2 Non-AN Patients
	5.4.3 AN Patient Cardiovascular Evaluation
	5.4.4 Comparison to Healthy Controls
	5.4.5 Non-AN Patient Cardiovascular Evaluation

	5.5 Discussion
	5.5.1 Resting QTc Interval
	5.5.2 Change in QTc from Baseline to Maximum HR
	5.5.3 Comparison of QT Throughout Exercise to Healthy Controls
	5.5.4 Other ECG Modifiers and Parameters
	5.5.5 QT Correction Formulae
	5.5.6 Future Planned Analyses

	5.6 Conclusion
	5.7 Tables
	5.8 Figures

	Chapter 6: Conclusion
	6.1 Summary of Findings
	6.1.1 Overarching Hypothesis One
	6.1.2 Overarching Hypothesis Two
	6.1.3 Overarching Hypothesis Three

	6.2 Strengths and Limitations
	6.3 Clinical Relevance and Potential Translational Impact
	6.4 Future Directions


	References
	Appendices
	Appendix A   Cost Analysis Supplemental Materials
	A.1 Definitions of the Most Common IHRD Diagnoses.
	A.2 Discharges from Inherited Arrhythmia Clinic
	A.3 Pre- and Post-Referral Test Distribution
	A.4 Pre- and Post-Referral Tests Completed
	A.5 Pre- and Post-Referral Costs
	A.6 Change in Diagnosis From Referral After BCIAP Evaluation

	Appendix B   Systematic Review Supplemental Materials
	B.1 PRISMA Checklist
	B.2 Search Strategy of Medline and Embase
	B.3 Risk of Bias Domains Assessed
	B.4 Risk of Bias in Individual Studies
	B.5 Correlates of Corrected QT interval
	B.6 Reporting of Confounding Variables



