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Abstract 

Predictors of complications in anorexia nervosa and atypical anorexia nervosa: degree 

of underweight or extent and recency of weight loss? 

Anorexia Nervosa (AN) is the eating disorder characterised by emaciation and underweight, 

commonly precipitated by dietary restriction that progresses to increasing restriction and self-

starvation. AN predominantly develops during adolescence. It is uncommon, with an 

estimated lifetime prevalence of 0.3% in the general adolescent population. Since the 1800s, 

the literature has extensively described the significant morbidity and mortality associated 

with the severity of underweight in people with AN. Over the last 15 years a new ED has 

increasingly been identified in adolescents who have lost significant amounts of weight, but 

notably are not underweight. Severe complications from weight loss have been observed in 

this group of higher weight adolescents despite the absence of underweight. The clinical 

significance of this ‘non-underweight’ ED has recently been acknowledged with the 

establishment of distinct diagnostic criteria for Atypical Anorexia Nervosa (AAN). Limited 

data are available about AAN, including in relation to the prevalence, clinical trajectory or 

optimal treatment. However, beyond these aspects, the absence of underweight in AAN poses 

questions about the relative contribution of weight loss compared to weight as predictors of 

the clinical complications in AN and AAN, that have long been thought to result from 

underweight.  

This thesis focusses on AAN to gain greater understanding and knowledge about the 

prevalence, clinical trajectory and outcomes of this recently described ED. The proportion of 

adolescents diagnosed with AAN and hospitalised at the Royal Children’s Hospital (RCH) 

over a nine year period is assessed. A case study describes an adolescent who, despite 

significant weight loss and physical complications associated with AN, was not initially 

considered for diagnosis of an ED as she was not underweight. A comparison between AN 

and AAN is undertaken to compare the characteristics of these two diagnoses. The result of 

this thesis questions the fundamental aspect of nutrition in restrictive AN that is, the validity 

of assessing malnutrition by the degree of underweight rather than weight loss.  

Over the nine year study period AAN emerged as a significant ED with a dramatic five-fold 

increase in hospital admissions to the RCH. Adolescents diagnosed with AAN were found to 
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experience a similar profile of life-threatening complications as adolescents who had AN, 

including early refeeding syndrome. The only differences detected between the diagnostic 

groups were higher premorbid weight and weight at admission in AAN, and in AN a lower 

systolic blood pressure nadir during hospitalisation. Notably, the duration of weight loss and 

amount of weight loss were found to be similar in the two diagnostic groups. 

Finally, the very important question of the contribution of weight loss compared to 

underweight as predictors of clinical complications is addressed. The critical finding was that 

weight loss, not underweight, predicted the potentially life-threatening complications of sinus 

bradycardia and lower pulse rate nadir. Similarly, recent weight loss was associated with 

greater severity of ED cognitions, with no association between underweight and ED 

cognitions. Several complications were predicted by both lower weight and greater weight 

loss, but no outcome was independently associated with weight itself.  

For the first time weight loss, rather than weight itself was found to be a stronger predictor of 

some of the serious complications following self-starvation in adolescents diagnosed with 

AN and AAN. No complication was predicted by underweight itself, suggesting that 

underweight as a marker of starvation and malnutrition is now out of step with current trends 

towards patients having higher weight. It is hoped that the outcomes of this thesis will raise 

awareness of the prevalence and severity of complications in AAN, and also inform future 

research directions.  
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Chapter 1 Introduction 

1.1 Rationale  

Since 2005, I have become increasingly aware of a group of adolescents with restrictive EDs 

who despite weight loss did not meet the underweight diagnostic criterion for AN, yet had 

clinical complications usually associated with AN. Following my observation of the severity 

of complications and the prominence of this form of ED, now classified as AAN, I 

conceptualised this doctoral research during 2010 and developed a research plan to undertake 

three studies to address several important research questions surrounding this ED.  

The clinical complications observed in AAN are similar to AN, the restrictive ED with the 

cardinal feature of underweight. The absence of underweight in AAN, suggests that 

underweight may not be the important predictor of clinical complications that had been 

understood since the 1800s. The rationale for undertaking this research was to assess the 

contribution of weight compared to weight loss as predictors of these complications. The 

prevalence of AAN was unknown, and an additional rationale was to assess the proportion of 

adolescents diagnosed with AAN who attended the RCH over a nine-year period.   

The setting for this research is the RCH, a tertiary paediatric hospital in Melbourne, 

Australia. The RCH specialist ED program commenced in 1997 and since that time has 

provided consistency in approach across the inpatient and outpatient treatment programs. The 

RCH is well placed for this research to be undertaken to describe the medical and 

psychological complications in AN and AAN over the 12 month period from initial 

diagnosis. 

Relevant data were routinely collected for all participants and included clinical complications 

such as cardiovascular instability, hypothermia and hypoglycaemia, as well as laboratory 

results that included the early markers of refeeding syndrome, hypophosphataemia, 

hypomagnesaemia and hypokalaemia. Participants underwent Dual-energy x-ray 

absorptiometry (DXA) and bone age assessment at the time of admission and at 12 months 

following the previous DXA assessment.  

Psychological ED cognitions were assessed using the Eating Disorder Examination (EDE) 

(1). These data provided self-reported measures of dietary restraint, eating concern, shape 

concern and weight concern with measures combined to provide a global score. The EDE 
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was undertaken at the time of the first admission for AN or AAN and at 12 months following 

the first admission as a routine part of the service’s outcome assessments. 

1.2 Hypotheses 

Following my observations of AAN I developed three hypotheses:   

1) That AAN would represent an increasing proportion of restrictive ED patients who 

require hospitalisation and attend the RCH multidisciplinary assessment clinic (MDA) 

for EDs at the RCH. 

2) That the clinical complications in adolescents diagnosed with AAN would be similar 

to those diagnosed with AN.  

3) That the extent of weight loss and recent weight loss would be stronger predictors of 

the clinical and psychological complications in AN and AAN than the severity of 

underweight. 

1.3 Current issues 

The diagnostic criteria for AN requires significant underweight. However the recent 

identification of AAN and severity of complications suggests that the utility of underweight 

itself as a measure of starvation and malnutrition may be outdated. An emerging ED 

following weight loss in adolescents with higher weight who are not underweight may be 

overlooked. An absence of underweight in adolescents with AAN potentially masks the early 

onset of an ED and could thus delay treatment, which could then impact recovery rates.  

More widely, in the context of current concerns about the growing prevalence of adolescent 

overweight and obesity, higher weight adolescents may be encouraged to lose weight and 

then be commended for their weight loss. This may lead to increasing dietary restriction and 

escalating weight loss which are known risks for a restrictive ED.  

1.4 Research aims  

Using data from three longitudinal cohort studies the following aims will be addressed in this 

thesis:  

1) To assess the proportion of adolescents diagnosed with AAN out of the total number 

of participants diagnosed with AN and AAN. This will be presented per year over the 

nine year study period;  
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2) To compare the clinical, biochemical and nutritional data in hospitalised adolescents 

diagnosed with AN and AAN over a six year period; and   

3) To compare admission weight with the extent and recency of weight loss as predictors 

of complications in adolescents diagnosed with AN and AAN.   

1.5 Objectives 

1.5.1 Primary objective 

To compare the extent and recency of weight loss with admission weight as predictors of the 

incidence of hypophosphataemia, the hallmark for refeeding syndrome (studies one, two and 

three).  

1.5.2 Secondary objectives 

1) To describe adolescents diagnosed with AAN as a proportion of the total number of 

adolescents with AN and AAN who required hospital admission (studies one and two) 

and who attended the ED multidisciplinary assessment clinic (MDA) at the RCH 

(study three).  

2) To compare the clinical complications in participants diagnosed with AN and AAN 

(studies one, two and three). 

3) To compare admission weight with the extent and recency of weight loss as predictors 

of clinical complications during the first hospital admission and in the 12 months 

following the admission (studies one and two). 

4) To describe the prevalence of previously overweight and obese participants who have 

lost weight and required hospitalisation for AN or AAN over the nine-year study 

period (studies one and two) or who presented to the MDA (study three).  

1.6 Thesis overview  

This thesis presents original research undertaken during the course of my PhD. In Chapter 2, 

the background of the thesis is presented with a review of the literature. An overview of 

adolescence is provided as well as a discussion of the EDs that most commonly emerge 

during this period in the lifespan. AN, the ED that has been extensively described in the 

literature, is discussed in detail as it is of specific relevance to this research. This is followed 

by a description of the emergence of the new ED, AAN. At the time of writing this thesis 
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there was little research about AAN which resulted in poor knowledge of prevalence, clinical 

trajectory and response to treatment. This chapter concludes with a discussion about 

overweight and obesity and the potential link with the emergence of AAN. Chapter 3 

provides a description of the methods used in each of the three studies to address the thesis 

research aims.   

The results of this thesis are presented over three chapters. Chapters 4 and 5 are in the form 

of accepted publications. Chapter 6 is presented in two sections, with the first section in the 

form of an accepted publication and the second section as a traditional thesis chapter. In 

Chapter 4, I describe a case study that illustrates the delayed diagnosis of an ED in an 

adolescent girl. Despite significant weight loss and clinical complications usually associated 

with AN, she was not initially assessed for an ED as her weight was within the healthy 

weight range. In Chapter 5, the proportion of adolescents diagnosed with AAN and 

hospitalised is compared to the total number of patients with AN and AAN over the initial 

six-years of the study period. In this publication a comparison is also undertaken of the 

clinical and psychological complications in patients with AN compared to AAN. In Chapter 

6, following comparative analyses, the inpatient data over the nine year study period are 

combined for in depth analyses. In section one (the publication) the proportion of AAN is 

compared to the total number of patients with AN and AAN over the nine-year study period. 

This follows with the most important research question of the thesis, which is to determine if 

the degree of underweight or the extent and recency of weight loss are stronger predictors of 

complications in AAN and AN over a 12-month period. In the second section of Chapter 6, 

the results of the two combined studies that were not included in the publication are 

presented. These results include additional clinical outcomes such as bone health and 

hypoglycaemia, as well as the follow-up data at six and 12 months following the first 

admission for an ED. Chapter 7,  the final chapter of the thesis, discusses the key findings of 

the thesis, the study limitations and strengths, the implications of the work, future directions 

and the conclusion.  
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Chapter 2 Literature Review 
This chapter provides the background and rationale for undertaking the research questions 

addressed in this thesis. This literature review begins with an overview of adolescent 

development and EDs. This is followed by a discussion about self-starvation, the diagnostic 

criteria for restrictive EDs, the complications of adolescent EDs and current treatment of AN. 

Trends in overweight and obesity are described and its’ association with the more recently 

identified ED called AAN. The chapter concludes with the gaps in the literature about AAN, 

the rationale for the importance of this study and the research aims. Relevant papers included 

in the literature review were published up until December 31st, 2016. 

2.1 Overview of adolescence 

Adolescence is a highly dynamic period in the lifespan in which children gradually acquire 

the physical, cognitive and emotional characteristics of adults (2-4). This period of intense 

development commences with the onset of puberty (5) and concludes with the social context 

of taking on adult roles and responsibilities (2). One of the issues in studies and the literature 

about adolescence is the lack of consistency in defining the age range for adolescence as well 

as the variations in terminology. This has led to some difficulty in interpreting the evidence 

and fully understanding the status of adolescents as many studies are not directly comparable 

due to the different age criteria applied.  

Data about adolescence is increasingly reported across the 10 to 24 year age span, and is 

commonly categorised into three groups: 10 to 14 years (early adolescence); 15 to 19 years 

(late adolescence); and 20 to 24 years (young adulthood) (6, 7). For the purpose of this 

research, ‘adolescence’ will be defined as 12 to 19 years, as this is the age bracket of the 

participants included in the study reported in this thesis.  

The onset of puberty generally commences between 9 and 12 years in girls, that is generally 

one to two years before boys (8). Puberty is comprised of three endocrine events; adrenarche, 

gonadarche and activation of the growth axis (9). During adolescence sexual maturation is 

achieved which signals the capability for reproduction. Beyond sexual and reproductive 

development, puberty is also associated with significant growth in linear height, skeletal 

maturation, body composition changes and maturation of the brain. It is the maturation of the 

brain that is increasingly appreciated to influence many of the psychological, emotional and 

behavioural changes that typify adolescence (2, 5, 8, 10-12).  
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Much of the brain development in adolescence occurs in brain regions and systems that are 

important for the regulation of behaviour, emotion, and evaluation of reward and perception 

of risk. Puberty also brings changes in arousal and motivation that precede the development 

of regulatory competence and in some adolescents can create a disjunction between the 

adolescent’s affective experience and their ability to regulate arousal and emotion (13).  

Adolescence is a period of progressive change in cognitive, affective and social processing 

(8). Cognitive changes are reflected in advancements in learning, increased capacity for 

abstract thinking and the ability to exert cognitive control over thoughts and actions (2, 8). 

Over time adolescents develop a stronger sense of self and identity, and increased capacity 

for consideration and planning for the future (2).  

Adolescents begin to individuate from their parents as an important part of the process of 

attaining adult social competence. Peer groups become increasingly important as adolescents 

begin to explore and develop their social networks. At this time, the desire to conform and be 

accepted by peers becomes increasingly important. Associated with increased social 

competence comes greater interest in the development of romantic and sexual relationships 

(8, 14). Rather than social changes, brain development is now thought to underpin the 

heightening of self-consciousness, increasing importance of peer relationships and greater 

understanding of others (4). Associated with cognitive development is the greater capacity for 

adolescents to compare and contrast themselves with peers and greater sensitivity to 

acceptance and rejection by peers becomes apparent (15).  

The changes that occur in puberty are relatively synchronous; however there is wide variation 

in the sequence and timing of the various components of puberty (2). These variations in 

pubertal development were demonstrated in a large study undertaken by Herman-Giddens 

and colleagues. This cross-sectional study of a representative sample of 17,000 girls found 

that by the age of seven years, 7% of European-American compared to 27% of African-

American girls were at Tanner stage two of puberty (breast tissue development and/or pubic 

hair). By the age of eight years, 15% of the European-American girls had commenced 

development compared to 48% of the African-American girls (16). Other studies have 

confirmed similar variation of four to five years for the onset of puberty (17). Such variation 

in pubertal development can cause great distress in some adolescents at a time when 

conforming to peers is so important (15).  
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Functional neuroimaging studies show that brain maturation continues at least until the mid-

20s, well after pubertal development and reproductive maturity have been achieved. During 

adolescence, the development of higher cognitive skills supports the transition towards adult 

roles and responsibilities. This includes the development of a sense of personal identity, 

acquisition of more advanced skills that are important for education, training and the 

development of priorities for employment. Similarly, the capacity to negotiate friendships 

and partnerships and the development of religious and philosophical beliefs are also 

developed at this time (8). The development of the brain across adolescence provides some 

explanation for the behavioural changes that occur during this period, including the extent of 

exploration and experimentation that may occur (14). It is also particularly important for 

understanding the neurological and psychiatric diseases that emerge during adolescence (18, 

19). Many adult mental disorders first emerge between the ages 11 to 18 years; 50% of all 

adult mental disorders start by the age of 14 years and 75% by 24 years (20). For example, 

adolescence is the time in the lifespan of greatest vulnerability for the development of 

substance abuse, antisocial behaviours, psychosomatic syndromes, mood disorders and eating 

disorders (5, 19, 21).  

Beyond mental disorders, adolescence also marks a distinct upswing in the prevalence of 

obesity (22), with associated medical complications that most commonly persist into 

adulthood (23-26). Social disadvantage in adolescence is also associated with greater health 

risks, whether for overweight and obesity, tobacco and other substance use or poor mental 

health (27). 

Suffering from psychiatric illness at some time during adolescence is common. For example, 

a prospective longitudinal population-based study by Copeland and colleagues (2011) 

assessed a cohort of 1,420 participants from 11 counties in the U.S. up to nine times between 

the ages of nine to 21 years. The Child and Adolescent Psychiatric Assessment was used in 

the participants up to and including 18 years and the Young Adult Psychiatric Assessment 

was used for the 19 to 21 year olds. By the age of 21 years, 61.1% of participants had met 

criteria for a psychiatric disorder and a further 21.4% of participants had met criteria for not 

otherwise specified psychiatric disorders. With a total of 82.5% experiencing a psychiatric 

condition, this study highlights the near universal experience of a mental illness at some time 

during adolescence (28).  
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2.2 Overview of adolescent eating disorders 

Adolescence is also the most common period in the life span for the onset of EDs (29). These 

disorders include AN, Bulimia Nervosa (BN) and Eating Disorder Not Otherwise Specified 

(EDNOS). EDs are the third most common adolescent chronic illness after obesity and 

asthma (30). EDs during adolescence are recognised as serious psychiatric illnesses with 

significant morbidity and mortality (31).  

2.2.1 Historical background of self-starvation and anorexia nervosa  

Restrictive EDs have been recognised since the 19th century when the first descriptions of AN 

were documented. In 1859, a French physician, Louis-Victor Marce addressed the Society 

Medico-Physiologue of Paris and described a group of young girls who ‘arrive at a delirious 

conviction that they cannot or ought not eat’. These girls presented with an obsession with 

food and ‘oppositionalism’(32). Marce also described death resulting from self-starvation and 

malnutrition, and the requirement that the family force-feed their child who refused to eat 

(33).  

Following Marce’s pioneer description of AN, in 1868 an English physician, Sir William 

Withey Gull (34) and the French neurologist, Charles Lasegue in 1873 (35) extended Marce’s 

observations with descriptions of the symptoms of AN in early adolescence, including 

amenorrhoea, restlessness and the patient’s lack of concern about their deteriorating 

condition. Contrary to Marce, Gull and Lasegue both recommended patient ‘removal’ from 

the family for refeeding. Gull’s report was primarily focussed on medical complications (34) 

while Lasegue largely focussed on mental health (35). AN was appreciated at that time as a 

predominantly female condition which was rarely seen in males, and that usually appeared 

between the ages of 16 and 23 years (36). These early reports of AN resonate with 

contemporary experience and provide evidence that AN is not simply a modern disease.  

2.2.2 Eating disorder diagnostic criteria  

Contemporary EDs are defined according to specific criteria for the diagnosis of AN and BN 

that are categorised for research purposes according to the Diagnostic Statistical Manual of 

Mental Disorders (DSM). For those who do not meet all of the diagnostic criteria for either 

AN or BN, a diagnosis of a partial syndrome is given and is referred to as EDNOS. Clear 

thresholds are applied for each distinct diagnostic category to ensure the homogeneity of the 
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clinical presentations within each full syndrome as well as the partial syndrome, EDNOS 

(37).  

There have been several versions of the DSM published, starting in 1981 with the Third 

Edition (DSM-III) (38). Over time, modifications have been made to the diagnostic criteria 

for EDs in response to greater knowledge and understanding of EDs. The DSM-III-Revised 

(DSM-III-R) edition was published in 1987 (39), which was subsequently replaced in 1994 

by the DSM Fourth Edition (DSM-IV) (40) and later revised in 2000 with the DSM-IV-Text 

Revision (TR)(41). In 2013 the current version, the DSM Fifth Edition (DSM-5) was 

published (42).  

2.2.3 Changes in diagnostic criteria for anorexia nervosa  

In the DSM III-R (39) the diagnosis of AN required an intense fear of becoming overweight 

despite weight loss, emaciation with body dysmorphia and a refusal to maintain weight above 

a normal weight for age and  height. The final criterion was exclusion of weight loss from 

physical illness as the explanation for weight loss. The criterion for underweight included the 

qualification of at least 25% of body weight loss; or if under 18 years, weight loss from the 

original body weight plus projected weight gain from growth charts combined to make up the 

25% weight loss. For those who did not meet all diagnostic criteria the diagnosis of ‘not 

otherwise specified’ (NOS) was applied (38, 43) (later known as EDNOS).  

In 1994, an important change in the DSM-IV for the diagnosis of AN was the removal of the 

amount of weight loss criterion. A second change was the introduction of a numerical 

requirement to define underweight, which required weight to be less than 85% of expected 

body weight (EBW) (41). As there are different approaches to defining EBW, this led to 

some confusion as no information was provided about how EBW was to be calculated. An 

additional change in the DSM-IV-TR was the introduction of a new criterion of amenorrhoea 

for at least three consecutive months in post-menarchal females (41). A summary of the 

DSM-IV-TR criteria for AN is outlined in Figure 1(41). 
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Figure 1 The Diagnostic Statistical Manual of Mental Disorders IV-TR Criteria for Anorexia 

Nervosa (41) 

A. Refusal to maintain body weight at or above a minimally normal weight for age and height 

(e.g., weight loss leading to maintenance of body weight less than 85% of that expected; or 

failure to make expected weight gain during period of growth, leading to body weight less 

than 85% of that expected). 

B. Intense fear of gaining weight or becoming fat, even though underweight. 

C. Disturbance in the way in which one’s body weight or shape is experienced, undue 

influence of body weight or shape on self-evaluation, or denial of the seriousness of the 

current low body weight. 

D. In post-menarchal females, amenorrhoea, ie, the absence of at least 3 consecutive 

menstrual cycles. (A woman is considered to have amenorrhea if her periods occur only 

following hormone, e.g. estrogen administration). 

 

The diagnostic criterion of emaciation (underweight) is the hallmark of AN and the most 

obvious indication for clinicians to refer for the assessment and treatment of an ED (44). 

Compared to adults, the assessment of weight is more complex in adolescents because of the 

need to understand growth and pubertal development. Determining EBW in adolescents is 

best assessed with due consideration of the individual’s chronological age, pubertal stage, 

pre-morbid height and weight, body type and individual genetic predisposition (37, 45). 

Assessing EBW is therefore complex and it is thus not surprising that the definition of 

underweight in AN has been modified in each version of the DSM (38, 40-42) 

In 2013, the criteria changed again to form DSM-5. One rationale for the changes in the 

DSM-5 was to reduce the proportion of EDNOS diagnoses and increase the diagnoses of the 

full syndromes of AN, BN, purging disorder and binge eating disorder (BED). EDNOS had 

become the largest diagnostic group that functioned as the ‘catch all’ for partial syndromes. 

The group was quite heterogeneous and an EDNOS diagnosis provided little clinical 

information about the ED or its optimal treatment (46), features that were identified to reduce 

the clinical utility of this broad diagnosis (47-49). Another reason to expand the definitions of 
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the full syndrome diagnoses was the tendency for clinicians and families to perceive a sub-

clinical partial syndrome diagnosis as inferring lower severity in morbidity and mortality, 

especially of AN. This potentially delays treatment and recovery (50) despite the 

psychopathology and functional impairment in EDNOS patients that can be as severe as in 

patients with full-syndrome AN or BN (43, 51). 

In the DSM-5, the former EDNOS category was replaced with the residual diagnostic 

category of other specified feeding and eating disorders, which specifies five disorders. These 

other specified feeding and eating disorders categories are atypical anorexia nervosa (AAN), 

BN of low frequency and /or limited duration, BED of low frequency and/or limited duration, 

purging disorder, and night eating syndrome (42).  

The definition of underweight was also modified with the removal of the numerical 

requirement for less than 85% of EBW. This has been replaced with a less instructive 

statement that patients must be ‘significantly underweight’. In the absence of any clear 

guideline to define underweight, many clinicians are continuing to apply the DSM-IV-TR 

definition of underweight, that is, less than 85% of the median body mass index (%mBMI), 

based on the Centers for Disease Control and Prevention (CDC) growth charts (52, 53) 

(Andrea Garber, personal communication).  

When the DSM-5 criteria were being revised prior to the publication in 2013, the utility of 

the diagnostic requirement for amenorrhoea was questioned for two reasons. Firstly, this is 

only relevant for post-menarchal females as it does not apply to pre-menarchal females or 

males. Secondly, there is evidence that some very underweight females continue to 

menstruate and some with a normal weight can become amenorrhoeic following weight loss 

(54, 55). On balance, therefore, amenorrhoea was not considered sufficiently beneficial and 

was removed from the DSM-5(42). A summary of the DSM-5 criteria for AN is outlined in 

Figure 2.  
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Figure 2 Diagnostic Statistical Manual of Mental Disorders Fifth Edition Criteria for 

Anorexia Nervosa (42). 

A. Restriction of energy intake relative to requirements, leading to a significantly low body 

weight in the context of age, sex, developmental trajectory, and physical health. Significantly 

low weight is defined as a weight that is less than minimally normal or, for children and 

adolescents, less than that minimally expected. 

B. Intense fear of gaining weight or of becoming fat or persistent behaviour that interferes 

with weight. 

C. Disturbance in the way in which one’s body weight or shape is experienced, undue 

influence of body weight or shape on self-evaluation, or persistent lack of recognition of the 

seriousness of the current low body weight. 

 

As the DSM-5 was published at the conclusion of the study period for the study reported in 

this thesis, all participants in this research were diagnosed using the DSM-IV-TR criteria that 

were in place for the duration of the study (41). 

2.2.4 Overview of eating disorders 

2.2.4.1 Anorexia Nervosa  

AN is a life threatening ED characterised by a restrictive dietary intake with weight loss or a 

failure to gain weight during adolescence that results in a low body weight. AN is associated 

with significant morbidity and mortality, particularly when chronic. Acute cardiovascular 

complications can occur in the short term, with longer term complications that can include 

pubertal delay, sub-optimal linear growth, amenorrhoea, impaired bone mineral acquisition, 

comorbid psychiatric illnesses and structural changes in the brain. The mortality risk for AN 

is higher than for any other serious disease in adolescence, including asthma, type 1 diabetes 

and all other psychiatric illnesses (56, 57).  

Determining the incidence and prevalence of EDs in a population is difficult. Epidemiologic 

studies of EDs have limitations. For example, ED patients frequently conceal their illness 

(which potentially reduces the reliability of self-report) and fail to seek treatment (which 

potentially reduces the reliability of engagement in clinical services as a proxy measure of 
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prevalence). EDs are also not common within the general population (58, 59). Thus, 

incidence studies that use data from hospital records, psychiatric registers and general 

practices are considered to underestimate incidence (59).  

The recommended methodology to assess population prevalence is a two-stage screening 

approach. The initial stage uses a screening questionnaire to identify the population at risk, 

while the second stage confirms cases that are identified from the at-risk population and from 

a sample selected randomly from a population deemed not at higher risk (60). A major 

limitation in this methodology is in the population selection and in case identification, 

especially in the context of the low prevalence of EDs and that ED patients attempt to hide 

their illness (58). The variability in prevalence estimates across studies is considered to be 

due to variations in methodology, different sample selections, varying age of participants, 

different geographical locations (59, 61) and lack of treatment seeking or not disclosing an 

ED in some cases (46, 62). 

The prevalence of DSM-IV AN estimated using the two-stage method for strictly defined AN 

in young females ranges from zero in the United Kingdom (U.K) (63) to 0.9% from an 

Iranian study (64); the average point prevalence in young females was found to be 0.29% 

(58). The size of the population in which these studies were undertaken varied greatly. The 

largest and most representative study is a cross-sectional study using a nationally-

representative sample of 10,123 adolescents from the U.S aged from 13 to 18 years which 

was designed to assess the prevalence of mental disorders including ED diagnoses. This study 

estimated the lifetime prevalence of AN of 0.3% of the general adolescent population (62), 

with a lifetime prevalence of 0.3% to 0.6% in female adolescents identified in other studies 

(21, 65). Even fewer studies have assessed the prevalence of AN in adolescent males and 

consequently less is understood about AN in males compared to females. Data from clinical 

populations of the female: male ratio estimate the prevalence to be about 10:1(42), with the 

incidence of AN in males found to be between 1.0 to 0.5 per 100,000 population per year 

(66). Epidemiological studies describe the highest incidence of AN is in 15 to 19 year old 

females, with 40% of all new diagnoses described in this age group (46, 67-69). Analyses of 

primary care registration data in the U.K. that used the DSM-IV-TR criteria to diagnose AN 

found that the incidence rate of AN was 47.5/100,000 in 15 to 19 year old females per year 

and was 3.8/100,000 in 15 to 19 year old males, with the peak age of incidence the same in 

males as in females (68). 
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2.2.4.2   Bulimia Nervosa 

The DSM-IV-TR diagnostic criteria for BN require recurrent episodes of binge eating and 

inappropriate compensatory behaviours, such as purging, laxative abuse and excessive 

exercise to prevent weight gain. The diagnostic criteria require binge eating and inappropriate 

compensatory behaviours to occur on average at least twice a week for three months and self-

evaluation needs to be unduly influenced by body size and shape (41).  

In a large cross-sectional survey of adolescents in the U.S. undertaken by Swanson and 

colleagues, the lifetime prevalence estimate for BN in adolescents was found to be 0.9%, 

with the median age of onset at 12.4 years. In Swanson’s study, significant ethnic differences 

were also found with higher reported lifetime prevalence of BN in Hispanic adolescents (62). 

Another study by Smink and colleagues found that the age of onset for BN appears to have 

decreased over time (46). This was reiterated in an earlier Italian study of 792 outpatient 

referrals for BN from 1985 to 2008 which found the mean age of onset was older than more 

recent studies at 18.5 years of age (70). Using the two-stage method to assess prevalence, BN 

is generally considered to affect 1% of young females (71, 72). However, prevalence and 

incidence rates in BN are likely to be underestimated due to embarrassment and lack of 

disclosure about BN; as underweight is not a feature of this ED, BN is even less visible and 

easier to conceal than AN (58).  

2.2.4.3 Eating Disorders Not Otherwise Specified  

As previously described (Section 2.2.2), DSM-IV-TR EDNOS is the residual diagnosis 

applied for unclassifiable ED syndromes (43) when there is a failure to meet all diagnostic 

criteria for AN or BN (41). EDNOS is the largest diagnostic group (51, 73-75) with well over 

50% of adults and adolescents who present for ED treatment diagnosed with EDNOS (76). 

Empirical research about EDNOS has been neglected and information is limited about the 

epidemiology, clinical course, psychiatric comorbidity, treatment outcomes and mortality 

rates of EDNOS due to the heterogeneity of the diagnosis (51, 75, 77-79). There is also a lack 

of studies of EDNOS in adolescents; most studies have been undertaken in adults (51, 75, 

80).  

There are several limitations in assessing the prevalence of EDNOS. One limitation is  that 

EDNOS is not included in the structured clinical interviews for DSM disorders (SCID) or the 

WHO Composite International Diagnostic Interview (46, 81). There is also inconsistent 

operationalization of the diagnosis and sub-classifications of EDNOS used in research (43).  



33 

For the purpose of this thesis, the terminology of DSM-IV and DSM-IV-TR are used 

interchangeably to refer to the diagnostic criteria for EDs published in 2000 (41). Participants 

who met all criteria for DSM-IV AN apart from the underweight criterion (<85% mBMI) are 

referred to as EDNOS-AN (Weight) (EDNOS-AN (Wt)) (41). In the first two publications 

that form part of the results chapters (Chapter 4 and Chapter 5) of this thesis, the EDNOS-AN 

(Wt) terminology is used. All other chapters use the term AAN, the term used in the DSM-5 

(42) to refer to patients who meet all criteria for AN apart from underweight. The change in 

terminology for this ED reflects the change in diagnostic criteria that occurred during this 

thesis. The next section presents a discussion about anthropometric assessment, which is the 

primary diagnostic criterion for the diagnosis of AN, as this is central to the research 

questions underpinning this work.  

2.3 Anorexia Nervosa  

2.3.1 Anthropometric assessment in anorexia nervosa 

As described previously (Section 2.2.2), AN is characterised by self-starvation, malnutrition 

and the state of underweight. Accurate assessment of actual weight and weight change are 

critical for the diagnosis of an ED at the initial assessment. The anthropometric measures also 

guide the requirement for hospitalisation (82, 83), and are used to assess progress during 

treatment and recovery at completion of treatment.  

Assessment of weight in adults is relatively straightforward as height is static and physical 

development is complete. In adolescents weight assessment requires consideration of age, 

growth and pubertal status (84). It is therefore not surprising that determining EBW in 

adolescents has led to the use of a variety of methods to assess weight and growth in 

adolescents (45, 84, 85).  

2.3.1.1 Assessing adolescent weight and growth 

The different methods used to assess EBW in adolescents are relevant for both clinical 

purposes and research studies. Different terminology is used for EBW which includes ideal 

body weight (IBW) (45, 55), average body weight (55), median body weight (86) and 

treatment goal weight (55). For the purpose of this thesis and for consistency the term ‘EBW’ 

is used to refer to the ideal body weight of participants.  

No perfect science is available for determining EBW and each of the methods used has 

limitations and strengths. Regardless of the methodology, assessment of pubertal stage (87) 
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and timing of the growth spurt, body composition, genetic pre-disposition of weight and 

historical anthropometric measures are important considerations for assessing EBW (84). 

Over the period of an adolescent’s illness with an ED, EBW changes with age due to 

expected increases in weight and height across puberty (55). Despite the lack of consensus in 

the method used to determine EBW, current guidelines recommend the use of the 2000 CDC 

growth charts (53). The strengths of these charts are that there are gender and age-specific 

norms for children and adolescents from two years to adulthood that have been derived from 

ethnically diverse populations (88). 

2.3.1.1.1 Growth charts 

The CDC growth charts (53) were developed from five surveys of nationally representative 

data in the U.S. from 1963-1984, using the National Health Education Survey Cycle III 

(1966-1970)(89) and the National Health and Nutrition Examination Surveys (NHANES) I 

(1971-1974), II (1976-1980) and III (1988-1994) (55). The data include people from the U.S. 

with the full range of socioeconomic status (SES) and a variety of ethnicities. Data from 

children older than six years in the NHANES III were excluded due to the upward shift in 

weight and BMI at that time (88).  

The CDC growth charts include weight-for-age, stature-for-age and BMI-for-age with 

percentiles and Z-scores for use in children and adolescents aged from two up to 20 years of 

age (88). The charts are recommended for monitoring growth in clinical settings; optimal use 

of the growth charts is to plot serial measures on the chart to identify and evaluate patterns of 

growth and any deviations over time (45, 88). For example, marked discrepancy between the 

weight and height percentiles in children and adolescents can indicate growth faltering 

requiring consideration of cause (90).  

The CDC charts provide the best available tool to assess the growth of adolescents, although 

as survey data were used this does not describe ‘ideal’, ‘normal’ or ‘average’ growth in 

populations or individuals other than for the participants in the survey. Despite this, and as no 

better alternative is currently available, the CDC growth charts are widely used by 

paediatricians (91). It is recommended that EBW be recalculated every three to six months in 

adolescents as this is expected to change with normal growth and physical development (55).  

The methods used to assess weight using the CDC growth charts include calculating weight 

based on height age (92), and matching weight with height percentile (93) or body mass 
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index (BMI) calculated as the %mBMI for age and sex (45). In post-menarchal females, the 

menstrual threshold has also been used as a guide for EBW (94). 

2.3.1.1.2 The McLaren method  

The McLaren method for calculating EBW assumes that the weight to height ratio is constant 

at any given age, based on a nomogram for EBW developed by McLaren and Read in the 

1970s. This method uses a growth chart, such as the CDC charts (45), with several steps 

involved. The first is to plot the adolescent’s height for their age, and then extend the line 

horizontally to the 50th percentile height-for-age for that adolescent. A second line is drawn 

that extends vertically from the 50th percentile of the height-for-age to the corresponding 

50th percentile for weight (92). This 50th percentile weight is the EBW. The actual weight is 

then divided by the EBW and reported as a percentage. Using this method a normal range is 

considered to lie between 90 to 110%, mild underweight is from 90 to 85%, moderate 

underweight from 85 to 75% and severe underweight less than 75% (92). A limitation of this 

method is that it does not account for variations in age and weight as the EBW calculation is 

solely based on height. A second limitation is in tall adolescents; if the height is more than 

the 50th percentile for any age it is not possible to calculate the EBW (95).  

2.3.1.1.3 The Moore method 

In 1985, Moore and colleagues developed a new method to determine the EBW after 

observing that the McLaren method did not work for those whose height was more than the 

50th percentile. In Moore’s method, the EBW is calculated based on the same standard 

deviation (SD) from the mean as the adolescent’s height for age. The strength in this method 

is the simplicity of matching the height percentile with the same percentile of weight for age 

(93). Two limitations in the Moore method are when height is plotted between two 

percentiles and when there are height extremes (short or tall), that is above the 97th or below 

the 3rd (95). For example, a 16 year old boy with height on the 90th percentile would have an 

age matched weight percentile on the 90th, which would be classified as overweight and 

therefore not an appropriate EBW (55).  

2.3.1.1.4 Body Mass Index 

BMI is defined as weight in kilograms divided by height in metres squared and multiplied by 

100. The advantage of this method is that it measures weight in the context of height. BMI is 

the most frequently used method for assessing anthropometry in adolescents diagnosed with 
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EDs (96, 97). The single BMI range and cut-off (18.5 to 25.0 kg/m2) is used to define the 

healthy weight range in adults (98). However, the adult reference range is unsuitable for use 

in adolescents because height is not static and weight and body composition changes occur in 

response to the normal pubertal changes of growth and physical development. These changes 

are reflected in the changing median percentile for BMI that occurs throughout childhood and 

adolescence. The BMI percentile follows a J-curve due to the adiposity rebound that occurs at 

about five to six years old when the median BMI is about 15.5 kg/m2. The BMI then 

increases to about 21 kg/m2 by age 20 years (99, 100). Children and adolescents are therefore 

assessed using percentile charts based on age and sex rather than the adult reference ranges 

(101). BMI in adolescents can be expressed as a %mBMI for age and sex (45) or as a Z-

score, which represents the percentile distribution of values based on the reference population 

(91).  

The strengths of using BMI are that it is age-specific, and therefore largely accounts for 

pubertal body changes, it is consistent with the adult index, and it can be measured 

continuously into adulthood (95). Limitations, similar to the Moore method, are that it is less 

accurate at the lower and upper extremes of height (45, 84, 95). This is also a problem when 

growth is stunted due to malnutrition (102, 103). A further limitation with BMI is that it is a 

two dimensional measure and does not account for variations in body frame and different 

body types, such as ‘endomorph’ (high body fat), ‘ectomorph’ (lean) and ‘mesomorph’ 

(muscular) types (45).  

In EDs, the most frequent method for assessing weight is to use the %mBMI for age and sex. 

This method is referred to as the BMI method or BMI percentile method (45, 96). Despite the 

limitations of BMI, the median BMI has been considered the best option for clinical and 

research purposes (45). Although used frequently in treatment programs (21) and in the 

literature, this measure does not provide information about the variation from the mean. In 

2013, Cole and colleagues proposed that the BMI Z-score should be used to categorize the 

degree of malnutrition as mild, moderate and severe (104). In this thesis the BMI Z-score is 

used as the primary measure for weight because it was thought to provide more information 

about the distance from the mean and capacity to track change over time.  

2.3.1.1.5 Return of menses 

For patients with secondary amenorrhoea, return of menses (ROM) is considered an 

indication of restoration of the hypothalamic-pituitary-ovarian function and a marker of 
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return to biological health (55). If the weight when menses ceased is known, this weight can 

guide expected ROM and help establish EBW. Recent studies have found that setting the 

EBW more than 2 kg above the menstrual threshold is required (105) to restore lean body 

mass, general physical health and to establish regular menstrual cycles (106-108). ROM can 

provide a guide for EBW but this method has limited applications as it cannot be applied in 

pre-menarchal females, for those on hormonal contraceptives, or in males.  

Despite the limitations of BMI described above, BMI is considered the best anthropometric 

measure in adolescents. However clinicians should individualise assessments and use more 

than one method to assess weight to determine EBW (55). The next section discusses the 

assessment of malnutrition and underweight in adolescents.  

2.3.1.1.6 Defining malnutrition and underweight in adolescents  

Following the African famines in the 1960s, awareness was raised of the medical 

complications of starvation (109). Kwashiorkor was defined as protein-energy malnutrition 

and is characterised by hypo-albuminaemic peripheral oedema and ascites. This differed from 

the energy deficient state of marasmus which is characterised by severe weight loss and fat 

store depletion. Within hospital settings in Western countries the clinical characteristics that 

define protein energy malnutrition have varied over time. The current diagnostic criteria for 

protein energy malnutrition include a range of clinical, anthropometric and immunological 

measures. Screening tools include assessment of weight loss, BMI as a measure of weight, 

and physical signs of decreased nutritional intake to determine malnutrition (110).  

In adults, the European Society of Parenteral and Enteral Nutrition consensus statement 

adopted the World Health Organisation (WHO) recommendation for a BMI less than 18.5 

kg/m2 as a marker for malnutrition in adults, based on the strong global acceptance of the 

WHO cut-off for underweight (111). In children and adolescents, the recommendation of the 

American Society for Parenteral and Enteral Nutrition was for weight and height to be 

assessed to determine malnutrition by plotting and assessing serial measurements against the 

reference or standard curves using the CDC 2000 growth charts for 2-20 years (112).  

Z-scores for weight and height are recommended to assess individual anthropometric 

variables in relation to the population reference standard (112). The Z-score, a measure of the 

difference of a measurement from the mean relative to a population, is expressed as the 

number of SDs above or below the mean. Z-scores can be used as a very sensitive measure 
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for comparing an individual over time and also across populations. In contrast, BMI 

percentiles do not describe how far an individual’s BMI deviates from the norm.  

In 2007, Cole and colleagues (104) set out to determine cut-offs to define thinness in 

adolescents derived from the BMI at 18-years age. The data used were the same six large 

nationally representative cross-sectional studies on growth that were used previously to 

define overweight and obesity in adolescents (100)(Section 2.4.1).  

For each dataset, centile curves were drawn to pass through the cut-off of a BMI of 17 at 18-

years of age. The BMI of 17 is close to the Z-score of -2 and this also equates to the WHO 

definition of thinness grade two in adults, therefore providing a bridge between a borderline 

thin adolescent and adult. The curves were averaged to provide age and sex specific cut-off 

points from two to 18-years of age. Cut–offs were then derived, based on a BMI of 16 and 

18.5 at 18-years to provide definitions of thinness for grade one, two and three for children 

and adolescents that are consistent with the WHO adult definitions (104, 111).  

The American Academy of Paediatrics, the American Society for Parenteral and Enteral 

Nutrition and the Academy of Nutrition and Dietetics proposed that a combination of 

%mBMI, Z-scores and percent weight loss be used to classify the degree of malnutrition in 

paediatrics (86, 113-115). 

Accurate assessment of thinness is an important criterion for the diagnosis of AN. As 

discussed in Section 2.2.2, the AN DSM-IV criterion for underweight is defined as weight 

less than 85% of the EBW for sex and age. This is most commonly calculated as the 

percentage of the CDC median BMI for age and sex (86). The DSM-5 recommends less than 

the fifth percentile BMI for age as suggestive of low weight (42). However, there are some 

limitations in the use of the BMI to define underweight. For example, stunting associated 

with chronic malnutrition can result in both low height and low weight that would give a 

relatively normal BMI. In this context, the use of growth charts is more accurate, with the use 

of relative weight and height for age (91). As previously described the BMI is less accurate at 

height extremes, that is, in both the very tall or very short, for whom additional clinical 

judgement is needed to assess underweight (84).  

2.3.1.2 Weight loss in adolescents 

Assessment of weight loss can be considered in two ways; the total amount of weight lost and 

the rate of weight loss. According to the American Society for Parenteral and Enteral 
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Nutrition acute weight loss is defined as weight loss over a period of less than three months, 

while chronic weight loss is defined as weight loss occurring over three months or more 

(113). A decrease of more than 1.0 Z-score in an individual’s anthropometric measurements 

is an indication of faltering growth and is considered the prompt for further investigation of 

the aetiology of weight loss (113).  

An important part of the assessment for a possible ED, and specifically for the diagnosis of 

AN, is weight loss (40, 41). This assessment can be difficult when past weights are not 

available within medical records and self-reporting of retrospective weight is required. 

Inaccurate self-reported weights have been well documented in the literature by adults who 

are overweight, who have been found to under-report weight in an effort to normalise their 

weight (116, 117). 

Reliance on retrospective self-reported weight in adolescents with an ED has been posed as a 

problem in assessing premorbid weight in adolescents (118). In 1999, a cross-sectional study 

was undertaken in a nationally representative sample of 1,932 adolescents aged 12 to16 years 

enrolled in the NHANES (cycle III) between 1988 to 1994. In this study, the relationship 

between self-reported weight and height were compared to actual weight and height. Self-

reported weights were found to be under-reported compared to actual weight in girls (1.0 [5.5 

kg]) but not in boys (–0.1 [6.1 kg]), (p<0.001). Girls and boys who were classified as obese 

with a BMI of more than the 95th percentile (119) were also found to under-report their 

weight (4.6 [7.8 kg]) which was not the case in participants who were not classified as obese 

(-0.2 [5.3 kg])  (p<0.001) (120).  

More recent studies that have examined retrospective weight reported by adolescents 

diagnosed with an ED have found high levels of accuracy of self-reported weight (121-123). 

The most recent study was undertaken by Swenne and colleagues in Sweden. An analysis 

was undertaken in adolescent girls diagnosed with an ED using the DSM-IV algorithm. The 

accuracy of the reported current and highest premorbid weights was compared with growth 

from school health charts. The results confirmed the previous findings of Doll and colleagues 

in 1998 which found high correlation between measured and self-reported current weight 

(121). Swenne and colleagues found adolescents diagnosed with AN and EDNOS (AN 

subtype) reported historical maximum weights with high accuracy (123). While reliance on 

previous records is usual, this study provides some confidence in using retrospective reports 

in the absence of medical records in adolescent patients with EDs.  
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2.3.1.2.1 Body composition  

As discussed above, BMI is a two-dimensional measure of height and weight that provides 

little information about body type or composition. In order to assess body composition, the 

two-compartment measure of fat mass and fat free mass provides a third dimension to assess 

anthropometry. Fat free mass measures muscle mass and is particularly useful as this 

measures the amino acid pool that is important in assessing malnutrition. Body composition 

can be objectively measured by bioelectrical bio-impedance analysis, computed tomography 

(CT), ultrasound, magnetic resonance imaging (MRI) (110), underwater weighing, deuterium 

dilution and total body potassium (124). DXA is a three-compartment model that includes fat 

free mass, fat mass and bone mineral density (BMD) and is recommended for use in children 

and adolescents as it is a simple procedure that is readily available and has the benefit of 

limited exposure to radiation (124).  

2.3.1.2.2 Recommendations in AN  

In 2015, the Society for Adolescent Health and Medicine published a position paper for the 

medical management of restrictive EDs in adolescents. The CDC growth charts were 

recommended for anthropometric assessment as these charts provide a reference to compare 

anthropometric variables to a reference population (112). The anthropometric measures of 

%mBMI, BMI Z-scores and the amount and rate of weight loss were proposed to be used for 

the classification of mild, moderate or severe malnutrition. Based on these recommendations 

from the Society for Adolescent Health and Medicine position paper, BMI Z-scores and 

changes in BMI Z-scores (to represent the extent and recency of weight loss) have been used 

as the anthropometric predictors of interest in this thesis (86).  

2.3.2 Eating disorder psychological assessment  

The EDE is a comprehensive, semi-structured interview used to elicit specific ED 

psychopathology in eating behaviour and attitudes to eating, food, shape and weight (125, 

126). The EDE was developed to provide a standardised instrument that is investigator-based 

for assessment of the possibility of an ED (125). It is considered to be the gold standard to 

identify EDs in conjunction with other behavioural measures (127) and is widely used for 

assessment of ED psychopathology (128-130). Interviewers for the EDE are trained to ensure 

a comprehensive understanding and knowledge of the concepts to be assessed and the rating 

scheme that is used (1).  
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The EDE measures eating behaviours, ED cognitions and attitudes reported by the patient 

that have occurred during the 28 days prior to the assessment. Four sub-scales are measured 

which include information about concerns with eating, weight and shape, and dietary 

restraint. The global score is calculated as the mean of the four subscale scores and is 

considered a measure of overall ED psychopathology. Each sub-scale is scored on a seven-

point Likert scale from zero to six, with zero representing an absence of the feature in 

question and six indicating the presence to an extreme degree. Frequency ratings relate to the 

previous 28 days with zero meaning the feature was not present, and up to six if the feature 

was present every day (1).  

Four studies examined the ability of the EDE scores to differentiate between ED populations 

and control groups. These studies were undertaken in adult women and data showed large 

effect sizes for the difference in scores on the four subscales between those diagnosed with 

AN compared to the control women (131-134). One limitation in these studies was that it was 

unclear if the assessors were blind to the participants’ diagnostic status, although the 

underweight status of some participants would have been suggestive of AN (135). The 

reliability and validity of the EDE in all four subscales has also been supported in other adult 

studies with higher scores reported on all subscales in ED patients compared to controls (128, 

136) and decreases in subscale scores during treatment (127). A limitation of the EDE is that 

the questionnaire is dependent on accurate self-reporting by AN patients, a group that is 

known to distort and deny symptoms. Further concerns about the application of the EDE in 

adolescents include the potential lack of insight about the impact on their lives, and possible 

lack of concentration over the 60 minutes that it commonly takes to complete the assessment 

(130).  

The EDE is considered a valid measure of adolescent ED psychopathology and has been used 

in randomised controlled trials (RCTs) in adolescents diagnosed with AN (137-139). 

Remission in these studies was defined as a global score within one SD of the published 

standard means that is a score ≤ 1.59 (140-142). The 12th edition of the EDE is currently 

considered a valid and reliable measure for ED psychopathology in adolescents and was 

therefore used to assess ED psychopathology in this thesis. 

2.3.3 Complications of anorexia nervosa  

AN is associated with a range of complications that are attributed to the reduction of 

nutritional intake compared with what is required. Self-starvation causes weight loss or, in 
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those who are still growing, a failure to gain expected weight. Low energy intake is detected 

initially by the hypothalamic-pituitary-thyroid-axis which is responsible for lowering the 

basal metabolic rate (BMR) to preserve energy (143-145). The body also undergoes further 

adaptations to sustain life in the state of starvation and malnutrition. It is these adaptations to 

preserve energy and life in AN that result in the acute physical complications that can have 

devastating effects on multi-organ systems and paradoxically lead to death (146).  

Long term, chronic complications can also be present, such as loss of grey and white brain 

matter, amenorrhoea and low BMD that can result in permanent and irreversible morbidities. 

The acute and chronic complications of AN are described in the next sections.  

2.3.3.1 Acute complications of anorexia nervosa 

AN can be associated with acute physiological complications such as cardiac arrhythmias, 

refeeding syndrome, deranged haematology, hypothermia and gastrointestinal complications. 

These acute complications are described below, focussing on the outcomes of interest in this 

thesis.  

2.3.3.1.1 Cardiac arrhythmias 

Cardiovascular complications are the most common acute physiological complication in AN. 

These complications include arrhythmias, severe sinus bradycardia, hypotension and 

prolonged QTc intervals (21, 146-150). Structural changes in the heart include myocardial 

atrophy and decreased left ventricular mass. Conduction abnormalities include QT interval 

prolongation, increased QT dispersion, conduction delays and junctional escape rhythms. 

Peripheral vascular abnormalities can also occur and are reflected in dysregulation with 

peripheral vasoconstriction or vasodilation and acrocyanosis (151-155). Cardiovascular 

complications are the most concerning complications in AN as these can cause sudden death 

(21, 146-150). 

Changes in cardiac function occur due to the physiological adaptations to starvation to 

preserve energy and sustain life. These adaptations include increased vagal tone (152, 156) 

and vagal hyperactivity that slows the pulse rate (PR) to decrease cardiac work and reduce 

cardiac output (157). The slowing of the heart functions as a means to prevent heart failure 

and death during starvation (152, 156, 158). One of the important structural changes in the 

heart from starvation is the decreased size of the left ventricle (159); low BMI has been found 

to have a positive correlation with the decreased size of the left ventricle (160). Reduction in 
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the left ventricle is also associated with prolonged QT interval dispersion. Other potential 

mechanisms for prolonged QT in malnutrition include changes in cardiac muscle fibres, 

variations in myocardial blood flow or water content and changes in ion channels that effect 

cardiac repolarization (161). 

Other mechanisms associated with the development of bradycardia include electrolyte losses, 

the effect of some drugs, and reduced glycogen availability in the myocardial cells resulting 

in cellular atrophy (161). Thyroid function in AN reduces triiodothyronine (T3) which is 

partially responsible for a slower PR and lowered blood pressure (161, 162).  

The changes in cardiac autonomic regulation, myocardium and decreased left ventricular 

mass have been found to be associated with the degree of starvation and malnutrition (156, 

159, 163, 164).  

2.3.3.1.1.1 Sinus bradycardia 

Sinus bradycardia is the most commonly used parameter to indicate physiological instability, 

and is widely considered an indication for admission to hospital for medical stabilisation and 

refeeding in AN (82, 86). Severe sinus bradycardia in AN was first noted by Sir William Gull 

146 years ago (165) and in the state of starvation is the adaptive response to preserve energy 

when there is inadequate energy intake (152, 154). Sinus bradycardia is considered to be the 

most common cardiovascular complication; it has been described to occur in up to 95% of 

patients with severe AN (146). Bradycardia is associated with very low body weight and 

advanced malnutrition in AN (151, 161, 166, 167).  

There are limited studies of the cardiac complications in adolescents with AN compared to in 

adults with AN. A small study undertaken by Galetta and colleagues, evaluated the PR 

variability and the effects of starvation on cardiac autonomic modulation and left ventricular 

function in adolescents. This prospective, matched case-control study was undertaken in 13 to 

20 year old females diagnosed with AN. Seventy-five participants were recruited (25 with 

AN, 25 age-matched thin [BMI <20kg/m2] and 25 age-matched normal weight participants 

[BMI >20kg/m2]). All participants underwent a comprehensive clinical evaluation that 

included an echocardiogram and 24-hour electrocardiogram (ECG) monitoring to measure 

PR variability. Sinus bradycardia (<60 beats per minute [bpm]) was found to be the most 

common arrhythmia in the AN group (100%) with no evidence of bradycardia in the control 

group. Echocardiogram was used to measure the left ventricular dimensions and mass which 

were found to be lower in the AN group compared with the thin and control groups (both 
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p<0.0001). The results of this study suggest that PR variability is increased in AN and is 

associated with vagal hyperactivity and bradycardia. A limitation of this study was the small 

sample size (159). While the definition of bradycardia (<60 bpm) was not as low as most 

other studies (<50 bpm) the findings are consistent with previous studies that have used a 

lower threshold for bradycardia in lower weight AN patients (167, 168). 

A prospective cohort study determined cardiac involvement measured by ECG at assessment 

and then following weight restoration to assess the reversibility of cardiac complications. 

This study was undertaken in 31 adolescents diagnosed with AN, aged 12 to 17 years who 

were assessed consecutively between April 2005 and February 2008. Participants beginning 

treatment were admitted to hospital or followed in the ambulatory program. The mean (SD) 

age at assessment was 15 (1.4) years, mean (SD) BMI 15.2 (2) kg/m2 and time since onset of 

dieting was mean (SD) 11.4 (6.8) years. At assessment, 11 (35%) participants had 

bradycardia (<50 bpm). The mean (SD) PR at assessment was 53 (17) bpm and following 

weight restoration was 62 (18) bpm (p value for the difference <0.05). Similarly, the left 

ventricular mass measured by echocardiogram measured in grams (g) was mean (SD) 84 (20) 

g at assessment compared to 104 (24) g after weight restoration (p value for the difference 

<0.001). This study demonstrates that bradycardia and structural cardiac abnormalities can 

occur in adolescents with early onset AN and can be reversed following weight restoration. 

Limitations of this study were that not all participants had the severity of disease that required 

hospitalisation and that as the disease was early onset the implications for longer duration of 

disease were not explored. Despite this, the study highlights that complications can be present 

in the early stages and that these abnormalities are reversible with refeeding (168).  

In contrast, Di Vasta and colleagues in a longitudinal observational study undertaken from 

2005 to 2008 in 38 hospitalised adolescents diagnosed with AN detected higher rates of 

bradycardia (167), that were consistent with other studies (153, 169). Participants in this later 

study were post-menarchal females with a mean (SD) age of 16.5 (2.2) years and mean (SD) 

%mBMI of 78 (9). Sinus bradycardia (PR <50 bpm), an important measure used as part of 

the admission criteria (86, 170), was detected in 26 (68%) patients at admission. Notably, in 

this study bradycardia was found to be less common in participants with longer duration of 

illness (in months), regression coefficient (SE) 0.24 (0.11), p=0.04. Nineteen participants 

were assessed at median (range) 121 (87 to 411) days after admission at the time of weight 

restoration, recording a mean (SD) BMI change of 2.2 (1.6) kg/m2. In these 19 participants 

the inpatient mean (SD) PR was 47.5 (12.7) bpm compared to the mean (SD) 60.3 (13.0) bpm 
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following weight restoration. Limitations of this study were the small sample size and the 

moderately malnourished status of the participants suggesting that the results may not reflect 

outcomes in more severely malnourished adolescents with AN. 

Another small retrospective observational study (2006-2009) was undertaken of 23 

consecutively hospitalised patients (20 females) aged 13 to 20 years diagnosed with AN. The 

control group was 10 consecutive young adults (eight females) hospitalised for other 

psychiatric disorders with no evidence of any cardiac abnormalities. The criteria for 

hospitalisation for AN was the requirement to have at least one of the following: BMI <17.0 

kg/m2; bradycardia at <50 bpm; or failure to respond to outpatient treatment. This study 

demonstrated that 16 (69%) participants diagnosed with AN had bradycardia (<50 bpm). The 

mean (SD) lowest PR in AN was 44 (6) (range 26 to 68 bpm) compared with 74 (range 66 to 

99 bpm) in the control group, p<0.001. Limitations of this study were the small cohort in 

which bradycardia was one of the admission criteria (171). These studies provide evidence 

for the association of underweight and bradycardia, however the contribution of the extent of 

weight loss to bradycardia is not known.  

2.3.3.1.1.2 Hypotension 

In the recent Position Paper of the Society for Adolescent Health and Medicine on the 

Medical Management of Restrictive Eating Disorders in Adolescents and Young Adults, the 

recommendation for the definition of hypotension is blood pressure (BP) measured at less 

than 90/45 mmHg. BP orthostasis is defined as a decrease in BP of more than 20 mmHg 

systolic or a decrease of more than 10 mmHg diastolic when moving from lying to standing. 

These definitions are recommended as an indication to support hospitalisation following 

weight loss in restrictive EDs. The definitions are not evidence-based but are statements 

based on the consensus of experts (21). The definitions are consistent with the consensus 

statement endorsed by the American Autonomic Societies, the Autonomic Research Group of 

the World Federation of Neurology and the Autonomic Disorders section of the American 

Academy of Neurology (172).  

Orthostatic hypotension occurs immediately on standing as the effect of gravity redistributes 

a blood volume of approximately 300 to 800 ml (172). This causes peripheral venous 

pooling, with decreased cardiac output and stimulation of the aortic, carotid and 

cardiopulmonary baroreceptors. This stimulation reflexively increases sympathetic outflow 

and inhibits parasympathetic activity. The increased PR and vascular resistance help to 
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maintain systemic arterial pressure when standing upright (173). Orthostatic changes in BP 

occur when moving from lying to standing and can increase the risk of syncope (174).  

A retrospective study of the amount of time and %mBMI for stabilisation of BP and PR was 

undertaken in 36 adolescents, mean (SD) age 16.5 (2.5) years, diagnosed with AN and 

hospitalised for a minimum of one week for nutritional rehabilitation. The mean (SD) weight 

at admission was 73.7 (6.8) %mBMI. Time (days) and weight (%mBMI) were assessed at 

time of stabilisation of BP. The mean (SD) PR at admission was 54.5 (14.8) bpm and 60% 

had orthostatic changes in PR. The mean PR increased to 70 bpm by day 12 of the hospital 

admission. All participants had low systolic and diastolic BP at admission, but only 15% had 

orthostatic BP changes. Despite nutritional rehabilitation and weight gain during the 

admission, there was little change in hypotension during the admission. PR is a more 

sensitive measure of cardiovascular instability and in this study PR orthostasis resolved at 

mean (SD) %mBMI 80.1 (5.7%) and mean (SD) 21.6 (11.1) days, with evidence of an 

association between shorter time to stabilisation and higher %mBMI on admission (p=0.05). 

This study is limited by the small sample size and that dietary intake and exercise prior to 

hospitalisation were unknown and may have confounded these results (173).  

Hypotension can occur in AN with the prevalence of hypotension reported in up to 75% of 

hospitalized adolescents with AN (174). Hypotension is also reported to be more likely at low 

body weight (151). The extent to which weight loss and the degree of underweight 

contributes to hypotension is, however, unknown. 

2.3.3.1.1.3 Prolonged QTc and QT dispersion 

Apart from bradycardia, other arrhythmias associated with AN include decreased voltage and 

prolonged QT intervals (175). The QT interval represents the repolarisation of the ventricles 

from changes in the muscle fibres due to atrophy of the heart which effects the conduction in 

the myocardium and ventricles (154). The PR corrected QT (QTc) interval is measured by 

ECG and is commonly used in cardiology as a marker of arrhythmogenicity (146). A QTc of 

>500ms is considered to be marked prolongation and is concerning because of the increased 

risk of arrhythmia (158) that can cause sudden death (167, 176). The prevalence of prolonged 

QTc in AN has been reported to range from from 0% to 45% (168, 177-179). 

QT dispersion is defined as the difference between the maximum QT interval and the 

minimum QT interval. It is concerning when raised as longer QT dispersion has been 

associated with increased risk of sudden death in AN (146, 158, 176, 180). In patients with 
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severe AN, persistent junctional rhythm, a rare complication usually seen in conjunction with 

hypokalaemia and prolonged QTc, can also be seen which is also associated with higher risk 

of sudden cardiac death (181, 182).  

In a longitudinal observational study undertaken in adolescents with AN by DiVasta and 

colleagues, previously described (Section 2.3.3.1.1.1), the baseline QTc interval was within 

the normal range (mean [SD] 0.45 [0.05] seconds). No association with QTc interval and 

reported duration of illness, exercise habits or BMI were reported (167). The results of the 

DiVista study are consistent with another study undertaken in adolescents diagnosed with AN 

in 2000. In that study of 62 adolescents diagnosed with AN, with a mean (SD) age 15.0 (1.4) 

years and a mean BMI of 16, QTc intervals were also found to be within the normal range at 

the initial assessment before refeeding commenced (175). These two studies suggest that 

despite high levels of concern for serious cardiovascular complications in adult studies, 

adolescents with AN may be at less risk, notwithstanding the prevalence of bradycardia.  

2.3.3.1.1.4 Hypothermia 

Adolescents with AN frequently describe feeling cold and are commonly found to be 

hypothermic (183). The position paper of The Society for Adolescent Health and Medicine 

on the Medical Management of Restrictive Eating Disorders in Adolescents and Young 

Adults defines hypothermia as <35.6°C (96°F) and suggests that hypothermia is an indication 

for hospitalisation in adolescents with restrictive EDs (21).   

Hypothermia is a complication of starvation. The aetiology is attributed to a number of 

factors, including hypometabolism, decreased thermal energy from muscle loss, bradycardia, 

hypotension, decreased blood flow, decreased thyroid hormones and the activation of body 

reserves with loss of body fat and the body’s insulation (183-185).  

When thermoregulation is impaired in AN, visible evidence of hypothermia is the appearance 

of fine downy hair called lanugo. This develops as an adaptive mechanism to retain heat 

(186). Lanugo has been observed in severe malnutrition and is associated with the degree of 

underweight, bradycardia, hypotension (187) and persistent vasoconstriction (188). 

Acrocyanosis can also occur with hypothermia and is a painless condition characterised by 

symmetric cyanosis with cold hands and feet. The incidence of acrocyanosis in AN has been 

reported in up to 20-40% of cases (187, 189-191).  
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2.3.3.1.1.5 Evidence for the reversibility of cardiovascular complications 

Bradycardia, hypotension and prolonged QTc have been shown to be reversible following 

refeeding and weight gain in AN (168, 175, 192). The retrospective study undertaken by 

Shamin previously described (Section 2.3.3.1.1.1) found that following a period of refeeding 

and weight gain, the mean PR had increased to 70 bpm by day 12. Orthostatic BP was slower 

to recover, taking a mean (SD) of 21.6 (11.1) days to resolve and requiring a mean (SD) 

weight of 80 (5.7) % of their expected weight (173). Further evidence is also provided in the 

study by Mont and colleagues previously described (Section 2.3.3.1.1.1)(168). These data 

provide evidence that cardiac abnormalities are reversible in adolescents in the early stages of 

the disease before AN has become chronic.   

In summary, these findings suggest that low body weight is associated with a parallel 

increase in cardiac abnormalities and decrease in cardiac mass, which can resolve following 

nutritional rehabilitation and weight restoration (153, 161, 168, 173, 182, 193).  

2.3.3.1.2 Gastrointestinal complications 

Gastrointestinal symptoms are frequently reported in AN and are attributed to weight loss and 

purging (194). The attribution of these symptoms to the underlying psychopathology 

compared to the disturbances of the functioning of the gastrointestinal tract is contentious 

(195). One of the many challenges for clinicians in managing patients with AN is to 

differentiate between the recognisable psychopathology in AN with functional 

gastrointestinal issues (196).  

There are limited studies of the gastrointestinal complications in adolescents with AN, a 

feature highlighted in a systematic review of gastrointestinal complications in AN that found 

most studies were either case reports or case series with very few studies specific to 

adolescents (194). The recognised gastrointestinal complications of AN in adolescents are 

liver enzyme abnormalities, delayed gastric emptying, constipation, gastro-oesophageal 

reflux, gastric dilatation, intestinal complications such as ileus, obstruction, constipation, 

anorectal issues such as prolapse (197) and superior mesenteric artery syndrome (148).  

2.3.3.1.2.1 Liver enzyme abnormalities 

Abnormal liver function tests (LFTs) are well recognised in AN, a condition that is frequently 

referred to as ‘nutritional hepatitis’ (198). Malnutrition from weight loss and fasting can 

produce mild elevation (two to three times normal) in the two aminotransferases, aspartate 
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aminotransferase (AST) and alanine aminotransferase (ALT) (199). Generally, alkaline 

phosphatase (ALP) and bilirubin are thought to not be affected in AN (200). Elevation in the 

two aminotransferases is an indication of hepatocellular apoptosis (197, 201). More 

impressively elevated transaminases (four to 30 times normal) have been identified in severe 

AN before commencing refeeding, which is recognised as an indication of serious multi-

organ failure (199).  

LFTs can become elevated during two different phases in patients with AN. The first phase 

occurs prior to commencing refeeding and is a response to starvation (201-203). The 

resolution of elevated LFTs in this phase of AN is thought to follow refeeding and nutritional 

rehabilitation (201). The second phase when LFTs can become elevated in AN is following 

the commencement of nutritional rehabilitation with refeeding (204). When nutrition is re-

introduced and increased, particularly with carbohydrates, there is increased secretion of 

insulin and lipogenesis which initiates fatty change in the liver and causes steatosis (146, 

205).  

Studies in adults with AN have shown that greater severity of malnutrition (BMI <12 kg/m2) 

is associated with elevated LFTs (199, 206, 207). However, there is debate about the 

aetiology of deranged LFTs and whether this is due to the degree of underweight and 

malnutrition or is attributed to the commencement of refeeding (208). One case study in 

adults with AN found LFTs normalised following rehydration and nutritional support (201) 

although a second case study found LFTs increased during refeeding (197).  

The time course, physiopathology and evolution of elevated aminotransferases in adolescents 

with AN are not fully understood, although a recent study in adolescents provides some 

insights. This large retrospective chart review was undertaken to analyse the prevalence, 

predictors and evolution of increased LFTs in 356 adolescents admitted for the first time with 

AN. The participants’ mean (SD) age was 16.1 (2.4) years, 89% of participants were female 

and the mean (SD) %mBMI was 78.2% (8.5). On admission, LFTs were elevated (ALT ≥ 40 

IU/L) in 37.0% of participants and in 41.1% at any time point during the admission. The 

predictors for elevated LFTs on admission were lower %BMI (OR: 0.96; 95% CI: 0.93 to 

0.98) and male sex (OR: 0.45; 95% CI: 0.22 to 0.94). During the admission, higher initial 

prescribed energy was also associated with elevated LFTs (OR: 1.81; 95% CI: 1.04 to 3.18). 

While elevated LFTs were found to be associated with the degree of malnutrition, there was 

also a small association with refeeding. The limitations of this study were the inability to 
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prove causality as this was a retrospective non-controlled study. The strengths of the study 

were the large sample size and that patients were admitted to a specialised unit with 

standardised treatment and systematic data collection (208). While the association of 

underweight and deranged LFTs has been described, the extent that these abnormalities might 

also be seen with weight loss has not been defined.  

2.3.3.1.2.2 Gastroparesis  

Gastroparesis is the delayed emptying of the stomach that can lead to symptoms of bloating, 

early satiety and upper quadrant pain (146, 209). Dietary restriction in AN and weight loss to 

a weight that is less than 15-20% of have been associated with the development of 

gastroparesis (210). These gastrointestinal symptoms have been found to resolve following 

nutritional rehabilitation (211). 

Patients with AN frequently report early satiety, postprandial discomfort and bloating that 

historically had been considered to be psychogenic (212). Studies in adults diagnosed with 

AN have demonstrated delayed gastric emptying. In 1987, a prospective case-controlled 

study to explore gastric emptying was undertaken in eight AN patients (aged 16 to 31 years) 

compared with eight age and sex-matched controls. The aims of the study were to 

characterise gastrointestinal and neuro-hormonal function by measuring gastric electrical 

activity, antral phasic pressure activity, gastric emptying and hormonal and autonomic 

function. This study demonstrated delayed gastric emptying of solids in AN with a mean (SE) 

of 184 (10) minutes compared to 141 (10) minutes in the controls (p<0.01). Although this 

was a small study, an association between delayed gastric emptying and symptoms in AN 

was detected (213).  

A more recent case-controlled study was undertaken in 16 adolescents diagnosed with AN 

and 22 healthy controls aged 10 to 21 years with similar demographic profiles. The aims of 

the study were to explore gastric function as well as somatic complaints, anxiety symptoms 

and functional gastrointestinal disorders. The study used abdominal ultrasonography to assess 

gastric emptying, defined as the residual gastric volume and gastric accommodation and 

measured as the postprandial antral diameter. Fasting gastric parameters did not differ 

between the two groups, however the postprandial antral diameter was greater in the controls 

(p=0.008), and at follow-up adolescents with AN were found to have an increase in 

maximum postprandial diameter compared with controls (p=0.009). In contrast to adult 

studies, no patients with AN were found to have delayed gastric emptying. This was despite 
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the AN participants reporting nausea, bloating and abdominal pain which may have reflected 

abnormal gastric accommodation or gastric hyperalgesia. Limitations of this study were that 

there was no assessment of the severity and duration of malnutrition, or the presence and 

frequency of purging, which may have confounded the outcomes (214).  

Thus, the few studies undertaken in adolescents with AN have not demonstrated delayed 

gastric emptying (214, 215), in contrast to reports in the adult literature (210, 211, 216, 217). 

The relatively short duration of illness in adolescents compared to adults may provide some 

protection from delayed gastric emptying which could explain this finding, however further 

research is adolescents is warranted (194).  

2.3.3.1.2.3 Constipation 

AN is associated with symptoms of constipation and bloating (146, 218). Constipation in AN 

occurs from the slowing of colonic function (200) thought to be due to low caloric intake and 

low weight (146, 218). Chronic laxative abuse has also been found to cause degeneration of 

the ganglion cells of the Auerbach plexuses, aggravating constipation, particularly when 

associated with starvation (219). Resolution of constipation symptoms usually occurs with 

resumption of a normal dietary intake and weight gain (50, 195, 218). It is unknown if 

underweight in AN is the cause of constipation or if the eitiology of constipation is primarily 

due to dietary restriction and weight loss.  

2.3.3.1.3 Refeeding syndrome  

Refeeding syndrome is the phenomenon that occurs following starvation when there is 

overzealous re-introduction of nutrition (220-222).  

During starvation, the body is in a state of catabolism with energy derived primarily from the 

metabolism of fat. After the reintroduction of nutrition, the body transitions to the state of 

anabolism with a shift from fat metabolism to glucose metabolism which is accompanied by a 

surge in insulin (223). This metabolic shift drives glucose and electrolytes from the 

extracellular space to the intracellular space (224) and can result in hypophosphataemia, 

hypokalaemia and hypomagnesaemia. Following starvation, there is also a greater 

requirement for phosphorylated compounds, such as adenosine triphosphate, that are needed 

for glycolysis. This increased utilisation of phosphate also contributes to the development of 

hypophosphataemia. Sudden death has been reported in AN due to severe 

hypophosphataemia following re-introduction of nutrition (225).  
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Historically, the fear of the development of refeeding syndrome and death led to conservative 

refeeding rates in patients with AN. Judicious re-introduction of nutrition has been 

recommended in patients with AN to prevent refeeding syndrome and the constellation of 

symptoms that includes fluid abnormalities, cardiac arrythmias, cardiac failure or arrest, 

neurologic and haematologic complications, seizures, coma and death (225-231).  

Since the early 1990s, the recommended energy prescription for safe commencement of 

refeeding has varied from 2,500 kJ (600 kcal)/day (40, 232) up to 5,000 kJ (1,200 kcal)/day 

(220). Rather than being evidence-based, these conservative refeeding guidelines were based 

on clinician experience and expert opinion (85, 233). There has been no differentiation in 

energy prescription when refeeding adolescents compared to adults (231).  

There is also wide heterogeneity in the use of prophylactic supplementation of phosphate, 

potassium and magnesium as part of refeeding protocols in hospitalised adolescent units. 

Some utilise prophylactic supplementation prior to refeeding for all patients (223, 229), while 

others monitor electrolyte levels and supplement in response to decreased electrolytes (225, 

234, 235). 

Since 2010, conservative refeeding practices have been challenged with more aggressive 

approaches used to refeed adolescents with AN (234). In a study from our unit in Melbourne, 

we retrospectively reviewed 46 admissions of adolescents with AN and assessed the 

relationship between more aggressive refeeding practices and the incidence of 

hypophosphataemia, the hallmark of refeeding syndrome (225). Twenty-nine of 46 (61%) 

admissions commenced refeeding on 8,000 kJ (1,900 kcal)/day and 28% on 9,300 kJ (2,200 

kcal). Mild hypophosphataemia, defined as less than 1.10 mmol/L (3.4 mg/dL), developed in 

37% of admissions. No participant had evidence of moderate hypophosphataemia, defined as 

less than 0.80-0.31 mmol/L (2.5-1.0 mg/dL) or severe hypophosphataemia, defined as less 

than 0.31 mmol/L (1.0 mg/dL). Furthermore, no participant in this study developed refeeding 

syndrome. Lower weight, defined as less than 68%mBMI, was found to be associated with 

greater risk for development of hypophosphataemia (234). 

Another study assessed a more conservative approach to refeeding adolescents with AN, with 

particular interest in weight gain. This prospective observational study was undertaken in 35 

adolescents hospitalised for AN with a mean (SD) age of 16.2 (1.0) years. Refeeding 

commenced on less than or equal to 5,061 kJ/day (1,205 kcal/day) in 94% (N=33) of 

participants and weight change was assessed as daily change in %mBMI. The authors found 
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that 83% of participants initially lost weight and that mean %mBMI did not increase 

significantly until day eight. An important finding of this study was that for every additional 

420 kJ/day (100 kcal/day) prescribed initially, the hospital stay was reduced by almost one 

day. This was an important study that assessed the relationship of energy prescription with 

weight gain and length of hospital stay (LOS). However, the study was small and no detail 

was provided about the specific nutritional content of meal plans or the nutritional profile of 

the prescribed meal replacement supplements. An important strength of this study was that it 

was undertaken in a clinical research setting with prospective and systematic data collection 

(235).  

Since these initial studies, further studies have confirmed that conservative refeeding in 

adolescents with AN is associated with slower weight gain and longer LOS (236, 237).  

Predicting the risk of hypophosphataemia and development of refeeding syndrome in 

adolescents is based on expert opinion and clinical experience. Several studies describe that 

the severity of malnutrition, assessed by the degree of underweight, is associated with a 

greater risk for developing hypophosphataemia (225, 234, 236, 237). Published in 2012, the 

Junior Management of Really Sick Patients with Anorexia Nervosa (MARSIPAN) provided 

British paediatricians with a framework for managing AN in the inpatient setting. These 

guidelines were based on expert opinion and advocated for a conservative approach to 

refeeding in those assessed at high risk for refeeding syndrome. The authors defined ‘high 

risk’ children and adolescents as having very low %mBMI, minimal or no food intake for 

three to four days, weight loss greater than 15% in the past three months and abnormal 

electrolytes prior to commencing refeeding (222).  

While refeeding syndrome has been associated with underweight patients with AN, the 

incidence of refeeding syndrome in higher weight patients diagnosed with restrictive EDs is 

unknown.  

2.3.3.1.4 Hypoglycaemia 

There are no consensus guidelines for the definition of hypoglycaemia in adolescents not 

diagnosed with diabetes. This is because blood glucose levels (BGL) are dynamic and it is 

not possible to define a single plasma glucose concentration as a gylcaemic threshold for 

identifying low glucose levels and symptoms (238). In patients who are not diagnosed with 

diabetes, the glucose counter regulatory systems (which include the secretion of epinephrine, 
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glucagon and growth hormone) are activated at higher levels of blood glucose compared to 

the level when symptoms of hypoglycaemia usually develop in patients with diabetes (239). 

The American Diabetes Association Workgroup recommends that patients with diabetes 

should become concerned about the possibility of developing hypoglycaemia at a self-

monitored plasma glucose concentration of less than or equal to 3.9 mmol/L (70 mg/dl) 

(240). In patients without diabetes, hypoglycaemia is defined either as the serum glucose 

level when physiological symptoms are experienced, commonly between 2.8 to 3.1 mmol/L 

[50 to 55 mg/dl] (239, 241) or at the onset of counter regulatory responses defined as 3.3 

mmol/L (59 mg/dl) (242) or as a range 3.0 to 3.5 mmol/L (54 to 63 mg/dl) (243). Oral 

glucose tolerance tests are not considered sufficiently accurate to assess postprandial 

hypoglycaemia (244, 245).  

The symptoms of hypoglycaemia are multifactorial and considered within three groups; 

autonomic symptoms (hunger, shaking, sweating and palpitations);  neuroglucopaenic 

symptoms (confusion, drowsiness, unusual behaviour, lack of co-ordination and speech 

difficulties); and symptoms of malaise (headache and nausea) (246). A brief questionnaire 

has been used to assess symptoms of hypoglycaemia but this has not been found to have 

sufficient specificity for clinical use (247).  

Studies undertaken to assess glucose levels and insulin secretion in AN have lacked 

consistency in methodology which may explain why the results are varied. Some of these 

methodological differences include variations in nutritional provision, such as meals 

comprising variable proportions of carbohydrates, fats and proteins in comparison to other 

studies that used liquid meal replacements (248, 249). There is also a lack of consistency in 

the timing of oral glucose tolerance tests during hospital admissions (248, 249).  

In 2007, Kinzig and colleagues assessed hypoglycaemia using a prospective matched case-

control study of 13 participants with AN and 13 healthy controls, with a mean age of 26 (2.5) 

years. They aimed to assess physiological responses to specified test meals at three different 

time points, with methodology designed to minimise the methodological flaws of previous 

studies. The hypothesis was that following weight restoration, the abnormal endocrine 

responses to meals would resolve. The three time points were; the start of the admission prior 

to refeeding; following two weeks of refeeding; and when weight was restored which was 

defined as 19 kg/m2. The outcome measures were serum glucose level, insulin response and 

pancreatic polypeptide levels. In the untreated and undernourished participants with AN, 
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pancreatic polypeptide and insulin response curves following a meal were disturbed 

compared to the controls. Notably, the glucose response curve began to improve as weight 

restoration commenced in participants with AN and started to resemble the control group. 

The study methodology was an improvement on earlier studies but the number of participants 

was small and without longer term follow-up, it is unknown if the pancreatic polypeptide and 

insulin response to meals resolves in time (250).  

In 2011, a retrospective chart review was undertaken in patients hospitalised with either AN, 

BN or EDNOS (DSM-IV criteria) with a mean (SD) age of 20.8 (6.7) years. Two of the 

exclusion criteria for this study were a diagnosis of Type 1 diabetes or a BMI greater than 25 

kg/m2. The aim of the study was to investigate the presence of hypoglycaemia following a 

mixed meal in a large naturalistic sample of ED patients. Hypoglycaemia was defined as 

serum BGL less than or equal to 3.5 mmol/L (63 mg/dl) with the normal range defined as 3.6 

to 7.8 mmol/L (65 to 141 mg/dl). From the analysis of 448 cases, 99 (22.1%) experienced 

hypoglycaemia with the peak of postprandial hypoglycaemia occurring one to two hours 

(32.3%) and two to three hours (30.3%) after breakfast, consistent with the timing of reactive 

hypoglycaemia (251). The only predictor of hypoglycaemia and lower BGL appeared to be 

lower admission BMI (252).   

Weight loss in patients with or without diabetes has been found to be associated with 

increased insulin sensitivity in response to fat loss that is predominantly intra-abdominal 

(253, 254). It is therefore not surprising that weight loss has been associated with an 

increased occurrence of reactive hypoglycaemia (242). Very lean people have also been 

found to be more susceptible to hypoglycaemia (255). In adolescents diagnosed with a 

restrictive ED it is unknown if it is the extent of underweight or weight loss that is associated 

with hypoglycaemia when present.  

2.3.3.2 Chronic complications in anorexia nervosa 

Unlike acute medical complications, chronic complications in adolescents with AN may not 

be detected immediately and some of these changes may not be reversible. These morbidities 

include amenorrhoea (94, 105, 256-258), low BMD (259-261), growth delay (103), changes 

in the brain structure leading to neurological changes (262, 263) and infertility (264). 
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2.3.3.2.1 Amenorrhoea 

In 1974, Frisch and McArthur hypothesized that an appropriate body weight and level of 

body fat was required as a readily mobilized source of energy for ovulation and for 

menstruation to occur (265). Amenorrhoea is a complication of AN and is strongly correlated 

with low weight (42, 182). Amenorrhoea includes delayed menarche in pre-menarchal 

females and secondary amenorrhoea defined as the absence of spontaneous menstruation for 

three months or more in post-menarchal females (41). Amenorrhoea functions to prevent a 

pregnancy that may not be viable in the state of underweight that is potentially associated 

with greater maternal risks (44, 106, 256, 266).  

Several studies provide evidence of an association between low weight and amenorrhoea. 

Roberto and colleagues conducted a retrospective chart review of 240 consecutive admissions 

for an ED in female adults from 1993 to 2006. One hundred and fifty participants met criteria 

for AN and 47 met all criteria for AN apart from amenorrhoea. The cohort with amenorrhoea 

was compared to the menstruating cohort and evaluated for differences in clinical variables 

including age, lifetime lowest BMI, admission BMI and discharge BMI. The only differences 

between the two groups were the lowest lifetime BMI and lower admission BMI in those 

with amenorrhoea (267). Another study undertaken in 251 adults diagnosed with either AN, 

BN or EDNOS similarly found amenorrhoea to be associated with low weight (268).  

ROM from weight restoration in AN is one of the goals of recovery (21). A recent 

retrospective chart review was undertaken to explore weight and ROM in adolescent females 

with AN (N=225). In this study, following a manual-based Family Based Treatment (FBT) 

outpatient treatment program, ROM occurred at an average of 95% EBW suggesting that 

weight restoration is required for ROM in adolescents (105).  

In assessing weight and ROM, a longitudinal cohort study was undertaken in 100 adolescent 

girls diagnosed with AN. The objective of this study was to determine the factors associated 

with ROM in AN. ROM occurred at a mean (SD) 9.4 (8.2) months from first assessment and 

was experienced at a body weight that was 2.05 kg higher than the weight that menses 

ceased. The mean (SD) %EBW at ROM was 91.6% (9.1%), and within six months 86% of 

patients had achieved this weight. Follow-up at one year found ROM in 47 (68%) of 69 

participants followed up, with 22 (32%) continuing to have amenorrhoea. There were no 

differences detected in body weight, BMI or percent body fat between these two groups. A 
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treatment weight target of 90% EBW was recommended as 86% of participants who reached 

90% EBW by six months were menstruating (94). 

The study by Golden in 1997 suggests that the aetiology of amenorrhoea may be 

multifactorial. One factor may be low weight according to the ‘critical body weight 

hypothesis’ (265, 269) but another factor may also involve the response to reduced 

hypocaloric intake, as approximately 20% of AN patients have been reported to develop 

amenorrhoea before significant weight loss (270). Persistent amenorrhoea despite weight 

restoration has also been described (256, 269). 

Although amenorrhoea is considered to be associated with a low body weight, approximately 

one-third of AN patients who have been weight restored have been found to remain 

amenorrheic at one year follow-up (94) and some adolescents who meet all criteria for AN 

continue to menstruate (271). It is unknown if the hypometabolic state persists after weight 

restoration in some adolescents and is responsible for the continuing amenorrhoea (256). In 

adolescents diagnosed with a restrictive ED it is unknown if it is the extent of underweight or 

weight loss that is associated with amenorrhoea.  

2.3.3.2.2 Sick euthyroid syndrome  

Sick euthyroid syndrome is defined as a low serum concentration of  T3 with low to normal 

thyroxine (T4) in some cases, and no increase in thyroid stimulating hormone (TSH) (272). In 

starvation in AN one of the adaptive mechanisms is a change in function of the 

hypothalamic-pituitary-thyroid axis. This is due to the thyroid hormones’ sensitivity to 

change in nutritional status. T3 concentration remains low until energy intake is re-

established and T3 levels normalise (273-276).  

This was demonstrated in a study by Swenne and colleagues undertaken in 36 adolescent 

girls aged 10 to 18 years with restrictive EDs according to the DSM-IV (AN or EDNOS) (41) 

which assessed the relationship between nutritional status and circulating thyroid hormone 

concentrations. Swenne and colleagues found that at the time of initial assessment following 

starvation and weight loss, T3 concentrations were low, and that greater weight loss and the 

rapidity of weight loss were the strongest predictors for low T3. Following weight gain, a 

parallel increase in T3 was detected (272).  

Another study examined the correlation between T3 and resting energy expenditure (REE) in 

a retrospective chart review of adolescents aged 11 to 22 years who were diagnosed with AN 
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(N=38) or BN/EDNOS (N=32). REE was measured using indirect calorimetry, and presented 

as a percentage of expected REE predicted by the Harris-Benedict equation (277). In the 

patients with AN, the mean T3 was lower in AN compared to AN/EDNOS. T3 was 

associated with lower weight, with the association of T3 and the percentage of expected REE 

found in AN, but not BN/EDNOS. Across all diagnoses, T3 was found to be associated with 

weight, BMI, BMI percentile and %EBW. These results suggest that in AN and higher 

weight adolescents diagnosed with EDs, T3 is associated with weight. However in higher 

weight EDNOS and BN the association of T3 and predicting energy requirements is unclear 

(276).  

2.3.3.2.3 Low bone mineral density 

Adolescence is a critical time in the life span for bone development, as this is the age when 

40-60% of bone mass is accrued to achieve peak bone mass by the third decade (278, 279). 

Growth tends to be linear during this time (280). AN during adolescence can compromise the 

acquisition of peak bone mass for adulthood (281). Adults with AN experience decrease in 

bone formation, increased bone resorption and a decrease in bone turnover. In contrast, 

adolescents diagnosed with AN tend to experience a decrease in bone turnover in 

combination with impaired bone accrual (282). Low BMD and the associated increased risk 

of bone fracture is a serious lifelong complication of AN (182, 283). Poor accretion of bone 

mass in AN is also associated with the development of osteoporosis later in life (284-286).  

Dual-Energy X-ray Absorptiometry (DXA) is used to determine patients’ skeletal fragility 

and therefore risk of fractures. BMD and height adjusted Z-scores are recommended as 

suitable size adjustment techniques. DXA measures bone mineral content (BMC) (g) or areal 

BMD (g/m2). A Z-score (the number of SD from the mean) is calculated from a comparison 

with healthy adolescents matched by age, gender and where possible, ethnicity (287).  

DXA is considered to be the gold standard for measuring BMD in adolescents (287-289) due 

to its precision, reproducibility, speed, low exposure to ionizing radiation, relatively low cost 

and availability of reference data for paediatric populations (261, 287). The International 

Society for Clinical Densitometry (ISCD) Official Revised Positions on reporting 

densitometry results in children provides expert recommendations for sites for assessment 

and frequency of assessment of bone health for health care providers. In specific paediatric 

populations, proximal femur, lateral distal femur, lateral vertebral and forearm assessment are 

recommended (288). The hip is not a preferred site recommended by the ISCD due to the 
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variability in skeletal development in growing children. The spine and whole body data are 

preferred for paediatric use as both sites are highly reproducible (288). In older adolescents 

whose growth is complete, the preferred sites to measure BMD are lumbar and hip (288).  

If a follow-up scan is indicated this should be undertaken at a minimal interval of six to 12 

months between scans (288). The use of the same DXA machine is also recommended for 

comparable follow-up assessments as variations in whole body bone density have been 

detected across multi-site DXA machines (290). The wording ‘low bone mass’ or ‘low BMD’ 

are the preferred wording for paediatric Z-scores that are less than or equal to -2.0. The 

terminology ‘osteoporosis’ and ‘osteopaenia’ are frequently used in the literature but these 

terms describe bone deficits from bone loss that are seen in adults. In children and 

adolescents, low BMD differs, as this reflects inadequate bone accrual, not bone loss (288). 

A limitation in the use of DXA is that bone strength is determined by the geometric 

(structural) properties of bone which cannot be measured by DXA (291). There are also gaps 

in knowledge about validated adjustment techniques to interpret variations in ethnicity and 

altered growth and maturity. This includes uncertainty about the implications of obesity and 

variations in pubertal stage (288). The use of DXA in AN has been well documented to show 

low BMD. In contrast the significance of DXA in paediatric ED patients who have lost 

weight but are not underweight has not been documented and is unknown (292).  

Following DXA assessment, an important consideration in the interpretation of BMD is bone 

age, as this is used to adjust for variations in expected growth and puberty (288). An 

understanding and knowledge of growth is also important as during the pubertal growth spurt 

there are rapid gains in BMD but this lags behind the growth velocity by several months 

(278). The Greulich-Pyle method is the most frequently used method to estimate bone age, 

which compares a radiograph of the left hand to a series of radiographs of known age (293). 

The Greulich-Pyle comparison radiographs were taken in the 1930s of healthy, white children 

of upper-socioeconomic background. One limitation is the extent of variation that has been 

found in other populations (294-296). 

The reliability of Greulich-Pyle bone age assessments in Australian children was investigated 

in 2013. The researchers compared the mean differences in bone age and chronological age in 

children and adolescents aged less than 18 years. Overall bone age was found to be 2.2 

months less than chronological age (p=0.005), with bone age in males 1.5 months less than 

chronological age (p=0.142) and in females 3.7 months less than chronological age 
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(p=0.002). Despite these differences, Paxton and colleagues concluded that the differences 

were within the SDs calculated by Greulich-Pyle and this measure could therefore be applied 

to the Australian population (297). 

One particular consequence of poor bone health in AN is an increased risk of fracture due to 

the decrease in volumetric BMD, the effects on bone geometry and reduced bone strength. 

The adaptive changes to starvation in AN include changes in the hormonal axes. These 

changes result in changes to growth hormone resistance with relatively low insulin-like 

growth factor 1 (IGF-1) levels, hypercortisolaemia, hypogonadotropic hypogonadism, and 

changes to the adipokines and appetite regulating hormones (such as leptin, peptide YY and 

ghrelin) which also have a strong association with bone metabolism (283). Apart from low 

energy intake, there may also be specific deficiencies in nutrients of particular relevance for 

bone health such as protein, calcium and vitamin D (21). Other factors that also contribute to 

low BMD in AN are low BMI and decreased lean body mass (261, 298). 

Comparative DXA studies between adolescents with AN and similar age and maturity normal 

weight adolescents have found lower rates of bone accrual in adolescents with AN (299-304). 

One study found up to 50% of adolescent girls had Z-scores of less than -1 and 11% had Z-

scores less than -2 (186). In a further study, 70% of adolescent males with AN were found to 

have Z-scores less than -1 on at least one site (303).  

A large cross-sectional study of females aged 12 to 22 years, compared fracture prevalence in 

310 adolescents with AN with 108 normal weight controls. The lifetime prevalence of prior 

fracture was 59.8% higher in those with AN compared to controls (31.0% compared to 

19.4%, p=0.02), with the peak in fracture incidence occurring after the diagnosis of AN. The 

AN participants were found to have lower lean and fat mass and bone mineral content than 

the controls; BMD and BMD Z-scores were lower at all sites (hip, lumbar and total body). 

This study was retrospective and possibly limited by selection bias, however the diversity of 

the referral group may have minimized this bias. Large epidemiological studies in adults have 

also found a two to threefold increased bone fracture risk in those with a history of AN (305) 

and compared with a history of BN and EDNOS (306). These studies provide evidence of the 

impact of underweight in adolescents on low BMD and long term fracture risk. There is 

however uncertainty about the effect of weight loss on BMD in adolescents diagnosed with 

AAN who are not underweight. 
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Current recommendations are that a DXA scan be undertaken in females who have 

experienced amenorrhea for six months (21), with no specific guideline for males. 

Recommendations for the management of low BMD in adolescents diagnosed with AN are 

documented in a recent update of medical management of EDs in adolescents. These include 

weight restoration to promote resumption of menstruation (21). Weight gain to more than 

90% of EBW followed by weight maintenance has been shown to improve bone accrual in 

adolescent girls of 1.4% in the spine over one year compared to a 0.3% decrease when not 

gaining weight or menstruating (304). Current recommendations support calcium and vitamin 

D supplementation (21), but no RCTs have been undertaken to assess the impact on BMD 

improvement. Bisphosphonates are not recommended for use in adolescents and the use of 

oral oestrogen and progestin have not been found to improve BMD (307, 308).  

2.3.3.2.4 Pubertal delay 

Puberty is a complex temporal sequence of biological, psychological and emotional changes 

(2, 309). Adrenarche is activated by the hypothalamic-pituitary-gonadal axis between the 

ages of six to nine years in females and a year later in males, which is followed by 

gonadarche. The process begins in response to the pulsatile release of gonadotropin- releasing 

hormone from the hypothalamus which stimulates pituitary production of luteinizing 

hormone (LH) and follicle-stimulating hormone (FSH). LH and FSH activate the gonads 

(ovaries and testes) which in response gain reproductive capacity. The gonadal steroids are 

secreted from the ovaries (oestrogen) and testes (testosterone). The final hormonal event is 

the activation of the growth axis that initiates the growth spurt in females at about 12 years 

and in males at about 14 years. This time is also associated with changes in body size and 

composition. 

The timing of the onset of puberty can vary up to four to five years between normal 

individuals with similar life conditions (17). This variation in onset is attributable to aspects 

of genetics (310), ethnicity (16) and nutrition (162).  

2.3.3.2.5 Growth delay  

Adolescents have increased metabolic demands with additional requirements for growth and 

physical development. The dietary restriction and malnutrition in AN can disrupt the normal 

cascade of hormonal events with consequences of delayed puberty, growth retardation and 

short stature (103, 162, 311, 312). Previous cross-sectional studies undertaken in pubertal 
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adolescents diagnosed with AN provide evidence for growth delay as well as irreversible 

short stature in some cases (313, 314). 

Activation of the growth axis is the final hormonal event that occurs during puberty. The 

growth axis triggers the linear growth spurt that occurs at approximately 12 years in girls and 

14 years in boys, which is also associated with changes in body size and body composition 

(315, 316). Malnutrition in AN disrupts the growth hormone IGF-1 axis that leads to growth 

hormone (GH) resistance and low levels of IGF-1 (317-319). In AN, GH resistance and 

increase in GH is an adaptive response to starvation and acts as a potent stimulator of 

gluconeogenesis to maintain euglycaemia (282). GH is also an anabolic agent in bone that is 

mediated by IGF-1 and is critical for linear growth in children and adolescents. Low serum 

IGF-1 in AN reduces osteoblast differentiation and has an antiresorptive effect that impacts 

growth (320). Failure of linear growth occurs particularly when AN begins during early 

adolescence, the critical age of active growth, before fusion of the epiphyses and no further 

growth potential (321). Apart from the effects on linear growth, bone health is impaired by 

low BMI in combination with decreased lean mass and endocrine changes (282). 

In one study of nine to 21 year olds with a mean (SD) age of 15.1 (2.8) years, failure of linear 

growth, and levels of GH, IGF-1, growth hormone binding protein (GHBP) and insulin-like 

growth factor binding protein-3 were investigated. The participants were categorised into 

three groups. The first group were adolescents who had recently been hospitalised for AN 

(N=28). Following partial weight restoration, these patients then comprised the second group 

(N=23). The third group were healthy control subjects matched for age, sex and pubertal 

stage (N=28). The AN participants in the malnourished state were found to have low levels of 

GHBP, IGF-1 and insulin-like growth factor binding protein-3. Notably, GH levels did not 

vary significantly in malnourished AN, suggesting that it was the decreased GH action that 

decreased secretion of IGF-1. In the context of partial weight restoration, there were higher 

levels of growth hormone and IGF-1 in group two than group one, suggesting that these 

changes were associated with increased nutritional intake and higher BMI (321). 

Males are considered particularly at risk for the interruption of normal growth from AN due 

to the timing of their growth spurt which is typically two years later than the girls and thus 

more likely to coincide with the onset of AN. A small retrospective chart review undertaken 

to assess growth retardation in 14 male adolescents with AN at a mean (SD) age of 14.3 (1.6) 

years at admission showed that the mean (SD) height standard deviation score (SDS) was      
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-0.81 (0.93) which was significantly less than the mean (SD) premorbid height SDS of -0.21 

(0.91). Good weight gain rate (defined as more than 1 kg per year) was associated with a 

mean (SD) height gain of 6.97 (6.48) cm per year compared to those with weight loss or 

failure to gain less than or equal to 1 kg per year which was associated with a mean (SD) 

height increase of only 2.7 (3.9) cm per year. Although this study was very small, prominent 

linear growth delay was seen in 11 (92%) of the boys. However, following weight 

restoration, accelerated linear growth (up to 2 cm/year) and significant catch-up growth were 

observed (103).  

A larger prospective longitudinal chart review was undertaken to assess growth in pre-

menarchal adolescent girls who developed AN. In this study growth velocity and near final 

adult height were assessed. The authors hypothesized that with the onset of AN in early 

puberty that there would be good outcomes in catch-up growth following nutritional 

rehabilitation, but that full genetic growth potential would not be achieved. All participants 

were prospectively followed up until one year after menarche. Every six months height, 

weight and BMI were recorded and sexual maturity was rated based on Tanner staging for 

breast development (87). Premorbid heights and weights were requested from paediatricians. 

Mid–parental heights were calculated and called the target height (322). Near final adult 

height was defined as height at one year after menarche, with the height deficit calculated as 

the difference compared with mid-parental height. Sixteen of the initial 35 eligible subjects 

were included in the study. The mean (SD) age at study entry was 12.6 years, and 17.3 (1.6) 

years at completion of the study. Twelve of the 16 patients had negative height SDS at 

presentation; 10 of these experienced improved height SDS following treatment. With 

refeeding and progression into puberty, growth accelerated with peak height velocity at a 

mean (SD) of 13.9 (1.6) years, later than a normative population of mean (SD) 11.49 (1.17) 

years, (p<0.001) (323). Mean (SD) peak height velocity was 5.5 (3.0) cm per year compared 

to the normative data mean (SD) of 8.14 (1.25) cm/year (323). Thirteen patients (81%) did 

not reach their target height, and the mean (SD) near final adult height deficit was 4.1 (3.6) 

cm, ranging from -9.5 to SD 1.9 cm.  

This study provides reasonable evidence that in pre-menarchal girls with AN, full genetic 

height potential is not reached despite catch-up growth following nutritional rehabilitation. In 

this study, the final height outcome was the same regardless of the timing of the initial 

presentation (early or mid-puberty). Despite the limitation of the small sample size, this was a 

prospective study that tracked growth every six months until 12 months after menarche (102). 
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Longer follow-up after menarche may have provided more information about catch-up 

potential.  

2.3.3.2.6 Neurological 

Adolescence is a time of significant maturation in both the structure and function of the brain 

(11). Functional neuroimaging studies have shown that brain maturation continues until at 

least the mid-20s, well after the completion of pubertal development and reproductive 

maturity (8). 

Changes in the brain include the development of the amygdala and hippocampus that effects 

mood and emotion regulation (324) and the corpus striatum that effects decision making and 

reward seeking behaviours (325). Previous studies of puberty and the brain have examined 

the association between chronological age and brain development (326). Such analyses do 

not take into account the variation in pubertal onset which can be four to five years (17) and 

can affect brain development. More recently it has been recognised that adolescent brain 

changes reflect maturation of pubertal hormones, specifically the effect of testosterone and 

oestrodial on the brain (10, 18). For example, a longitudinal study in 275 adolescents 

examined the relationship of age and puberty measured by Tanner staging with growth 

trajectories of subcortical regions of the brain. The results found both variables were 

important for modelling subcortical brain growth during adolescent development, although in 

males the hippocampus (emotion and mood regulation) and globus pallidus (decision-making 

and reward seeking behaviours) were best modelled on age only and the caudate (also 

decision making and reward seeking) was best modelled on Tanner stage only. There were 

several limitations of this study that included self-reported Tanner stage rather than 

assessment of hormone levels, and only small numbers of participants at extreme ages for 

each Tanner stage that may have reduced the accuracy of the study. A major strength was the 

longitudinal nature of the dataset. These results suggest that the growth of subcortical 

structures are related to pubertal development due to the response to pubertal sex steroid 

exposure, that is androgens (testosterone, dehydroepiandrosterone) and oestrogen (oestradiol) 

(327). The development of the brain across puberty provides some explanation for the 

behavioural changes that occur during adolescence. This is particularly important for 

understanding the neurological and psychiatric diseases that emerge during adolescence and 

also in AN (18, 19).  
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2.3.3.2.6.1 Changes in the brain in AN 

Structural changes in the brain have been detected in low weight adolescents diagnosed with 

AN. These changes include increased cerebrospinal fluid (CSF) volumes and decreased grey 

matter and white matter volumes. Losses in both grey and white matter, brain atrophy and 

deficits in cognitive function are all features of AN (328, 329). MRI studies provide evidence 

of the association between the degree of underweight and atrophic changes in the brain (330-

333) as well as lower performance in neuropsychological testing (334, 335).  

A small prospective case-controlled study was undertaken to determine if increased CSF in 

AN was associated with decreased grey matter or white matter volumes or both, as assessed 

by MRI. Thirteen adolescent inpatients with AN with a mean (SD) age of 15.4 (1.5) years 

were compared with eight healthy controls, mean (SD) age 15.2 (1.2) years. The mean (SD) 

BMI at first MRI in the AN group was 15.6 (1.7) kg/m2 and in the control group was 22.9 

(2.3) kg/m2. In AN, greater CSF volumes were correlated with decreased grey matter (r=-

0.74, p<0.01), but not white matter. The lowest reported BMI in AN was inversely correlated 

with total CSF volume (r= -0.59, p≤ 0.05) and positively correlated with grey matter volume 

(r=0.68, p≤ 0.01), with no evidence of a correlation with BMI and white matter. This study 

has limitations of the small sample size and the potential for confounding by factors such as 

hypercortisolism that may be associated with brain abnormalities in AN. While other studies 

are required to explore this further, the study established the association of lower BMI in AN 

as a predictor for structural abnormalities in the brain (330).  

A more recent prospective, case-controlled study used voxel-based morphometry to assess 

grey matter in 12 to 18 year olds (N=16) who had been diagnosed with AN in the previous 12 

months. The comparison group consisted of 16 age-matched, healthy females. The mean 

(SD) BMI was 14.3 (1.4) kg/m2 in the AN group and 20.2 (1.6) kg/m2 in the comparison 

group. Although limited by the small sample size, the results were consistent with the 

previous study and found adolescents with AN had less grey matter volume than the control 

group. In this study, Gaudio and colleagues also found that the reduced volumes were from a 

specific part of the brain that is involved with mental representation of self, with the authors 

suggesting that this may be responsible for distorted body image that is a feature of AN 

(336). 

A large meta-analysis of MRI studies of 214 participants with acute AN were reviewed 

retrospectively. Despite the normative differences in grey and white matter between adults 
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and adolescents, reduced grey matter (5.6%) and white matter (3.8%) compared to healthy 

controls was found, with evidence of less grey matter in adolescents compared to adults. 

These results suggest that greater loss of grey matter in adolescents is reflective of greater 

plasticity in the developing brain that may be more susceptible to the effects of starvation 

(337).  

A large, prospective case-controlled study undertaken in adolescents compared 58 

participants diagnosed with AN and consecutively recruited to an ED unit with 51 age and 

sex-matched healthy control subjects. Importantly on admission, low cortical and subcortical 

grey matter and cortical white matter (not cerebellar grey or white matter) were correlated 

with low weight at admission in the AN group. Weight loss, age of onset and illness duration 

were not independently correlated with any volume change (333).  

Following neuropsychological testing in patients with AN, impaired deficits have been found 

in concentration and attention, perceptual motor functioning, visual associative learning, 

ability with visuospatial abilities (332, 334), verbal learning and psychomotor speed (335). 

The results of these more recent MRI studies suggest that low body weight is associated with 

loss of grey and white matter in the brain. However the effect on the brain in higher weight 

adolescents following weight loss is unknown. 

2.3.3.2.6.2 Reversal of brain changes in AN 

Cognitive function has been found to improve with weight gain. In a longitudinal cross 

sectional study, 46 consecutive inpatients diagnosed with AN were compared to 41 normal 

weight controls, matched for sex, age and estimated premorbid intelligence and education. 

When the patients with AN gained 10% of their body weight they were retested and found to 

perform worse than the controls on tasks measuring attention, visuospatial ability and 

memory. There were no differences in flexibility and learning between the two groups. At 

treatment completion the AN patients had improved on tasks assessing attention. In this 

study, lower weight (not duration of illness) was found to be associated with poorer 

performance in flexibility, inhibition and memory (334).  

Weight restoration is associated with return to premorbid levels of white matter with the loss 

of grey matter persisting in AN (328). A small prospective, cross-sectional study examined 

brain structure in AN using MRI to assess 12 weight recovered AN participants (time since 

recovery from one to 23 years). These participants were compared with 18 healthy controls 

and 13 low weight patients with current AN. Scans of the whole brain were divided into grey 
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matter, white matter and CSF, using a compartment computerized volumetric approach with 

axial, dual-echo scans. The weight recovered group had significantly less grey matter 

volumes and greater CSF than the control group. Despite the variation in length of time to 

recovery, there was no association between time since recovery and grey matter volume. The 

low weight group and the weight recovered group also had significantly larger grey and white 

matter volumes with smaller CSF compared to the current AN participants. Despite the 

limitation of small sample size, the outcomes of this study suggest that grey matter loss in 

AN may not be reversible (328).  

There are limited longitudinal studies that assess brain abnormality reversal following weight 

restoration in adolescents with AN. One study undertaken in six weight restored adolescents 

found a residual reduction in grey matter of 4.2% at 2.7 years (338). Another more recent 

study in 19 adolescents found the residual grey mass reduction to be 12.1% (339).  

2.3.3.2.7 Psychiatric comorbidities in anorexia nervosa 

Adolescence is the period in the lifespan associated with emerging mental health disorders (5, 

162). These conditions are known to develop at different stages during adolescence (19), with 

the lifetime risk for the emergence of mental illness peaking at 14 years of age. Fifty percent 

of adult mental disorders commenced before 14 years and 75% by 25 years (20). Variations 

between the sexes are apparent in mental health disorders as well as dimorphic behavioural 

manifestations (19), which are considered to be due to the sexual dimorphism of brain 

development (18, 340).  

Psychiatric and mental health comorbidities are frequently diagnosed in underweight, and 

malnourished adolescents with AN (341). This includes depression, anxiety, obsessive 

compulsive disorder (OCD), and cognitive impairment (62, 69, 342-345). Clinical and 

epidemiological samples provide evidence for lifetime prevalence rates of at least one 

comorbid Axis-I disorder based on the DSM-IV algorithm in children and adolescents with 

an ED (346, 347). Axis-I disorders include mood, anxiety and substance-related disorders and 

other disorders such as attention deficit, somatoform disorders and schizophrenia or other 

psychotic disorders (347). Most studies of psychiatric comorbidities in AN have been 

undertaken in adults (347). The relatively high prevalence of psychiatric comorbidities in 

adults with AN is considered to be partly explained by the chronicity of the ED, and is less 

relevant to adolescents (341). 
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One study of psychological and physical co-morbidities in adolescents was a prospective, 

cross sectional study of 108 adolescent outpatients with an ED who were compared with an 

age and gender matched sample from the general mental health outpatient service within the 

same hospital (N=109). The mean (SD) age of the ED sample was 14.5 (1.9) years of whom 

49 were diagnosed with AN, 46 with EDNOS and 14 with BN. The ED group experienced 

lower levels (14.7% vs. 38.5%) in general and externalizing (aggression and delinquency) 

psychopathology compared to the control group. No difference was detected (51.4% vs. 

54.1%) between the ED group compared to the controls in internalizing psychopathology 

(anxiety and depression). Importantly, the findings of this study suggest that approximately 

50% of adolescents with an ED and between 54 to 65% of adolescents with AN meet case 

criteria for depression and anxiety. A noteworthy finding was that the degree of malnutrition 

was not linked to these wider psychological comorbidities. Despite a relatively small sample 

size for a study of comorbidities, the strengths of this prospective study that was undertaken 

in a single site were that psychopathology was reviewed in the context of both psychological 

and physical measures of ED pathology (346).  

A study undertaken in Germany across five sites, assessed adolescents diagnosed with first 

onset of AN and consecutively admitted to day patient and inpatient treatment settings. 

Participants were assessed for comorbid psychiatric disorders and suicide-related behaviour. 

One hundred and forty-eight participants met study criteria and completed all assessments. 

The mean (SD) age of participants was 15.2 (1.5) years and the mean (SD) BMI was 15.0 

(1.3) kg/m2. Seventy (47.3%) met criteria for at least one additional lifetime psychiatric 

disorder on top of AN, with 52 (35.1%) having a single additional disorder, and four (2.7%) 

having three additional disorders. The most frequent disorders at onset of AN were affective 

disorders that were experienced in 51 (34.5%), with major depressive disorder seen in 47 

(31.8) and dysthymia in 7 (4.7%). The second most frequent group of disorders was anxiety, 

representing 16 (10.8%) which included social phobia, generalized anxiety disorders, 

obsessive-compulsive disorders, specific phobias and childhood anxiety disorders. The 

severity of ED-specific psychopathology was highly correlated with current diagnosis of at 

least one comorbid psychiatric disorder (p<0.0001). Importantly there was no association 

between the diagnosis of at least one comorbid psychiatric disorders and the BMI SDS at 

admission (p=0.39). A limitation of this study was the likelihood of inclusion of moderate to 

severe cases of AN that may have increased the prevalence of psychiatric morbidity. 

However there were several strengths that included the sample size (N=171) and that 
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participants were limited to those with new onset of AN therefore eliminating the confounder 

of chronicity (341).  

2.3.4 Treatment of anorexia nervosa 

Outpatient treatment is where patients remain living at home with their families and is 

recommended for adolescents diagnosed with AN if they are medically stable (348). 

Hospitalisation is required when an adolescent is too unwell from a physical or psychiatric 

perspective to remain at home. AN can be particularly difficult to treat as patient resistance to 

treatment and refusal to gain weight is a feature of this psychiatric disorder. Timely 

commencement of treatment is recommended as shorter duration of symptoms before 

treatment has been associated with better outcomes (149, 348-350). The following section 

provides an overview of current recommendations for treatment and outcomes in AN in order 

to provide a context for the current study.  

2.3.4.1  Outpatient treatment of anorexia nervosa 

For many decades, the field of AN was arguably characterised by an absence of clinical trials. 

Various models of treatment were offered, with little evidence for one versus another. 

Hospitalisation was frequently required in the absence of an effective outpatient model (351). 

A major change in the treatment of AN resulted from studies of the efficacy of FBT (137-

139, 352-354). This new model of care was developed at the Maudsley Hospital in London 

for the outpatient treatment of AN in adolescents.  

The fundamental principle of the FBT model is the utilisation of parents as vital to the 

treatment and therapeutic success (137-139, 352-354). Parents are empowered to use their 

prior knowledge and skills in how to feed their child in order to help their adolescent gain 

weight. The FBT clinician monitors progress and functions as a coach who supports the 

parents’ efforts in helping their child gain weight despite their resistance. FBT has the 

strongest evidence for successful treatment of adolescents with AN and is recommended as 

first-line treatment for most families (21).  

The first RCT involving FBT was a study undertaken by Russell and colleagues in 1987 

which compared FBT with individual supportive therapy in 80 participants (57 diagnosed 

with AN and 23 with BN). All were initially admitted to a specialised unit to restore weight 

to normal. Prior to discharge, patients were randomly allocated to individual supportive 

therapy or FBT. Analysis was undertaken in a subset of 21 adolescents with a mean age of 
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16.6 years diagnosed with AN of less than three years duration and with onset before the age 

of 19. In this subset, based on the Morgan Russell criteria (355) that included body weight 

and menstrual function, FBT was found to be superior at 12 month follow-up (60% compared 

to 9%) and later also at five year follow-up (90% compared to 36%) (352, 356).  

Since this initial study there have been six additional RCTs that have demonstrated the 

efficacy of FBT as an outpatient treatment modality in adolescents with AN (137, 353, 354, 

357), including two undertaken in Australia (138, 139). There have been other non-

randomised studies that also support the clinical efficacy of FBT (358-360). FBT is now well 

recognised to be the first-line treatment in adolescents diagnosed with AN (86, 361). 

2.3.4.2 Inpatient treatment for anorexia nervosa 

Hospitalisation for adolescents with AN is required to manage acute medical instability or 

comorbid psychiatric or medical conditions that cannot be managed in outpatient treatment. 

These medical complications include cardiac or electrolyte abnormalities, hypothermia or 

hypotension (86, 362).  

In 2008, a review assessed the admitting practices for adolescents diagnosed with AN by 

physicians from the U.S. and Canada. At that time, five of the six guidelines for admission 

weight recommended weight that was equal to or less than 75% EBW (170, 220, 363-365); 

one guideline recommended admission if the patient weighed less than 85% EBW (221). No 

guidelines provided clarity about the method to calculate weight except the American 

Psychiatric Association guideline that suggested individualizing weight based on growth 

charts (221). The 51 study participants were physicians working within specialist ED 

programs and members of the Society for Adolescent Health and Medicine. All participants 

completed a structured telephone interview and were asked to comment on three case 

vignettes. A range of weight (%EBW) admission thresholds were used by the participants, 

which varied from 60 to 85% EBW; 52% of the physicians used a threshold of 75% EBW. 

This study highlighted the variability of measures used to assess underweight as a 

requirement for hospitalisation (85).  

In 2015, the Society for Adolescent Health and Medicine position paper included indications 

for supporting hospitalisation of adolescents with a restrictive ED. Some of these indications 

are the degree of underweight, electrolyte disturbances, ECG abnormalities, physiological 

instability, acute medical complications and a comorbid psychiatric condition. A 
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comprehensive list of all of the indications for admission is included in the Methods Chapter 

3 (Table 3) (86).  

In AN, the main goal of hospital admission is to achieve medical stabilisation to enable 

discharge home. This is achieved with nutritional rehabilitation via an appropriate refeeding 

protocol that safely achieves weight gain (Section 2.3.3.1.3). Research about the efficacy and 

safety of more aggressive refeeding in AN (234, 236, 366) shows it can shorten the length of 

hospital stay and achieve an increased rate of weight gain without increasing the incidence of 

refeeding syndrome (367). Despite individual variation in the length of time that it takes to 

achieve medical stabilisation, weight gain of one to two kilograms per week is recommended 

to normalise cardiovascular instability (86, 173). There is no evidence to support the efficacy 

of ongoing refeeding in the inpatient setting once medical stabilisation has been achieved. 

Once stable, patients should be discharged to commence outpatient treatment (138, 362).  

2.3.5 Outcomes in anorexia nervosa  

Within research studies, full remission from AN is generally defined as a combination of 

weight recovery (at equal to or more than 95%mBMI) and cognitive recovery defined by an 

EDE global score within one SD of the published mean (137, 139). Notwithstanding that FBT 

is the most extensively studied and efficacious outpatient treatment for adolescents with AN, 

the outcomes from clinical trials of FBT report only modest remission rates, with 34% 

remitted at end of treatment, 40% at 12 month follow-up (137, 138) and 33% at follow-up 

four years later (139, 368). Two recent RCTs undertaken in Australia reported the end of 

treatment remission rates of 22% (139) and 25% (138) respectively. The slight differences in 

the estimates may reflect variations in demographics and some differences in types of 

patients seen in the health care systems of Australia compared to the U.S. as well as using 

more stringent assessments of recovery (139).  

2.3.6 Mortality in anorexia nervosa 

The risk of mortality in adolescents with AN has been reported to be between five and 20% 

in 15 to 25 year old adolescents and young adults (369, 370). A reported crude mortality rate 

of 5.6% per decade means that AN has the highest mortality rate of any psychiatric illness 

(57, 59, 371-374).  
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Mortality in AN was first described in a meta-analysis of 152 reports of mortality in mental 

disorders in the 1990s (57). Most studies of mortality in AN have been undertaken in adults 

with more limited data about adolescents (79, 350, 375-380).  

The most frequently cited report on mortality in AN is a meta-analysis of 36 quantitative 

studies that were selected from a total of 143 articles published between 1966 and 2010. 

Weighted mortality rates were reported as deaths per 1,000 person years. This study found 

elevated mortality rates in patients with EDs, with 5.10 (95% CI: 3.99,6.14) deaths per 1000 

person years in those with AN, in comparison to 1.74 (95% CI:1.09,2.44) for BN and 3.31 

(95% CI: 1.48,5.75) for EDNOS. Predictors of poorer outcome, including mortality, were 

older age at first presentation, alcohol misuse and low BMI at presentation. Notably, 

standardised mortality ratios (SMRs) (the ratio of observed deaths in the study population to 

expected deaths in the population of origin) were found to be lower when compared to AN in 

other studies, with bipolar disorder (SMR 1.9 in males and 2.1 in females) and in 

schizophrenia (SMR 2.8 in males and 2.5 in females) (381). A limitation of this meta-analysis 

is the variable length of follow-up with individual studies and the lack of certainty about the 

death being due to AN or its complications (31). 

A large prospective clinical longitudinal study was undertaken in adults diagnosed with AN 

from 1985 to 2005. Data were collected from 1,639 consecutive first admissions to a large 

hospital in Germany of older adolescents (aged ≥ 16 years) and adults with AN diagnosed 

using DSM-IV. Follow-up data were collected between 2007 and 2012 using patient 

questionnaires and in deceased patients, from clinical records or reports from relatives. SMRs 

were calculated after matching for age, gender and person-years. The SMR was found to be 

5.35, which is more than five times higher than the general population matched for age and 

sex (59).  

One of the few studies to report mortality in adolescents with EDs utilised data from the 

Outcome Study of Eating Disorders in Adolescence, which is a collaborative study 

undertaken in the late 1980s and early 1990s in Europe. Clinical features, treatment and 

outcomes in adolescents with EDs from across five European sites were included. Three 

hundred and thirty-eight participants fulfilled the International Statistical Classification of  

Disease and Related Health Problems -10 Classification of Mental and Behavioural Disorders 

criteria for EDs, with AN the predominant diagnosis. The mean (SD) age at admission for the 

entire sample was 14.7 (1.9) years. In this young sample, the average crude mortality rate was 
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2.9%, which is substantially lower than in previous studies of adults. One limitation of this 

collaborative study was the diversity in health systems and treatments that may have 

impacted the outcomes - the sites included Zurich (Switzerland), Sofia (Bulgaria) and sites in 

the former West and East of Berlin (Germany) and Bucharest (Romania) (382) – but this is 

arguably also a strength of the study.  

A more recent study was undertaken in England between 2001 and 2009 of SMR in 

adolescents less than 15 years old and young adults aged 15 to 24 years old with an ED. The 

English National Hospital Statistics dataset was used and linked with data from death records. 

The primary outcome was all cause mortality within 365 days following discharge from 

hospital care. AN was recorded as the main diagnosis on discharge in 5,880 participants; 

1,248 were aged less than 15-years and 2,801 were aged between 15 to 24-years. No deaths 

were recorded in those less than 15-years, however the SMR was strikingly high in young 

adults with AN, being 11.5 (95% CI: 6.0-17.0). The strength of this study was the large 

number of study participants, the use of hospital records and death registry data. Limitations 

were the short follow-up period, and the lack of standardized diagnosis. The use of routinely 

collected data from a death register may have resulted in false positives, and the results are 

likely biased towards those with more severe disease given the use of hospital records to 

identify cases. As with other studies, difficulty in determining suicide compared to 

undetermined intent was also identified (56).  

The most common cause of mortality in AN is believed to be from cardiovascular 

complications such as QT interval prolongation and pulse rate variability (154, 383). Sudden 

death is associated with cardiovascular complications such as severe bradycardia and 

hypotension, with one third of deaths reported to be from cardiac complications (370). 

Deranged electrolytes have also been associated with sudden death in AN (46, 154, 384). 

Suicide is another leading cause of death in AN, with suicidal ideation found in about 50% of 

adolescents and suicide attempts in three to seven percent (341). While the severity of 

malnutrition has been associated with life-threatening complications, and particularly cardiac 

arrhythmias (154, 166), the extent to which weight loss rather than underweight might also be 

associated with higher mortality risks is uncertain.  

2.3.7 Changing context of anorexia nervosa   

AN in adolescents is a severe psychiatric disorder which has long been associated with 

emaciation and underweight, and has acute and chronic complications including a greater risk 
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of death. In contrast, a new restrictive ED called AAN (previously categorised within 

EDNOS) has only recently been identified. Similar to AN, AAN develops following dietary 

restriction and weight loss. As discussed previously (Section 2.2.4.3), AAN meets all criteria 

for the diagnosis of AN, apart from the DSM-IV underweight criterion of a body weight that 

is less than 85%mBMI.  

At the time of writing this literature review, there were remarkably few studies of adolescents 

with AAN. One possible explanation for the emergence of AAN is the increased prevalence 

of overweight and obesity in adolescents. In the next section, adolescent obesity will be 

discussed as well as the relationship between EDs and obesity (Section 2.4). This will be 

followed by a discussion about AAN and the conclusion to this literature review (Section 

2.5).  

2.4 Adolescent obesity 

Child and adolescent obesity is considered a highly significant health issue in developed 

countries in both children and adolescents (98). In the 1960s, data from the US National 

Health Examination Survey found four to five percent of children were overweight (385, 

386). Since the 1970s, rates of overweight and obesity have been steadily increasing. For 

example, in Australia, the rates have increased by approximately five percent each decade, 

with current obesity rates reported at 20 to 25% (387). More recently there is evidence to 

suggest that these rates are now plateauing (388).  

Obesity is the outcome of chronic imbalance of energy intake and expenditure (389). The 

reasons for the imbalance are complex and involve interactions between an individual’s 

biology (genetics, epigenetics, early life experiences) and their environment (access to high 

energy food, changes in portion sizes, changed cultural and social aspects of eating, urban 

design and transportation patterns). Other factors that impact individual behaviours include 

lifestyle and habits including sleep, and psychological and sociodemographic factors (390).  

2.4.1 Definition of obesity  

In Australia, children aged two years and above and adolescents up to the age of 18 years are 

defined as overweight if their BMI percentile for age and sex is between the 85th and 95th or 

obese if on the 95th percentile or above, based on the CDC growth charts (52, 53, 390). The 

BMI percentile is recommended to be used as the screening tool for identification of 

overweight children and adolescents (99, 390). 
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These definitions of obesity were developed by the International Task Force on Obesity (100) 

and are based on the adult BMI criterion to define overweight, classified as 25.0 to 29.9 

kg/m2, and obesity, which is classified as a BMI of 30.0 kg/m2 and above, from age 18 years. 

These adult definitions were used to extrapolate criteria to define overweight and obesity in 

children and adolescents, with the cut-points based on the increase in health risk that is 

associated with higher BMI (98).  

Cole and colleagues undertook an international survey to develop internationally acceptable 

definitions for overweight and obesity in children and adolescents. Six large nationally 

representative cross-sectional growth studies were used from Brazil, Great Britain, Hong 

Kong, the Netherlands, Singapore and the US. Participants were 97,876 males and 94,851 

females from birth up to 25 years of age. Based on each of the surveys, centile curves were 

drawn so that by 18 years the centile curves passed through the adult cut points of 25.0 and 

30.0 kg/m2. The curves were then averaged to provide age (two to 18 years) and sex-specific 

cut-off points (100). A limitation of this study is the use of a constant percentile to determine 

overweight, which assumes that the proportion of overweight remains constant for each age, 

which is unlikely (91). The strength of this study was that it provides a definition for 

overweight and obesity that is based on pooled international data for BMI and importantly 

links to the adult overweight and obesity cut points of 25.0 and 30.0 kg/m2 (100).  

2.4.2 Prevalence of adolescent obesity 

A systematic analysis of children and adolescents from the Global Burden of Disease Study 

in 2013, found the prevalence of either overweight or obesity was 23.8% (22.9 to 24.7) in 

boys and 22.6% (21.7 to 23.6) in girls in developed countries (22). In Australia, the 

prevalence of overweight and obesity has been assessed in two cross-sectional surveys of 

national samples. BMI cut-off points were used to define overweight and obesity and the two 

studies were undertaken 10 years apart to assess for overweight and obesity prevalence. 

Despite the limitation in age variation between the two studies, there was evidence of secular 

trends of increasing overweight and obesity. For example in 1985 in 12 to 15year old girls, 

10.1% were classified as overweight and 1.3% obese. By 1995, this had increased to 14.5% 

overweight and 4.4% obese (391).  

This rising prevalence and concern about overweight and obesity in children and adolescents 

led to the rise in public health messages about the risks associated with unhealthy eating as 

well as the physical and psychological complications of overweight (392, 393). Associated 
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with this has been a proliferation of information about strategies to lose weight, including fad 

diets. Of relevance to this thesis is that despite the increasing prevalence of overweight and 

obesity, the prevalence of AN appears to have remained relatively stable. 

2.4.3 Complications of overweight and obesity 

Overweight and obesity have been associated with physical and psychological comorbidities 

in children, adolescents and adults. In this section the complications of overweight and 

obesity in adolescents will be described and the rationale presented for the importance of 

weight management during childhood and adolescence.  

2.4.3.1 Physical complications of overweight and obesity  

The physical complications of obesity in adolescents are linked to cardiovascular and 

metabolic risk. Specific complications may include elevated BP, impaired glucose tolerance, 

elevated fasting insulin levels, deranged blood lipids (394), sleep apnoea, gastro-oesophageal 

reflux disease, type two diabetes, fatty liver, cholecystitis and polycystic ovary syndrome 

(390, 395). Other physical symptoms experienced by overweight adolescents can include heat 

intolerance, fatigue, poor exercise tolerance, orthopaedic problems and headaches (394).  

2.4.3.2 Psychological complications of overweight and obesity 

Short and long term psychological complications have also been associated with overweight 

and obesity (396, 397). These include higher prevalence of depression, anxiety and low self-

esteem (398, 399). However caution is recommended with interpretation of cause and effect 

in cross-sectional and retrospective studies as the evidence is not definitive and relationships 

may not be unidirectional (400, 401).  

Weight teasing and bullying are common during adolescence (402, 403). In the U.S., a large 

population-based study in 4,746 adolescents was undertaken to assess perceived weight-

teasing and weight status as part of project EAT. Very overweight (BMI ≥ 95th percentile) 

adolescents experienced higher levels of teasing compared to healthy weight adolescents, 

with 63% of the girls and 58% of the boys experiencing teasing by their peers (398). A 

longitudinal study undertaken over a five year period in 2,516 adolescents examined the 

effects of weight teasing, and found that teasing was associated with lower self-esteem, lower 

body image and increased depressive symptoms (401).  
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Several studies provide evidence of decreased quality of life (QOL) in adolescents who are 

overweight (396, 404). QOL is diminished by several factors that include decreased social 

functioning (405), increased social isolation (406), low self-esteem (407) and depression 

(408). The likelihood of engagement in high risk behaviours is also associated with being 

overweight (406).  

One cross-sectional study examined the health-related QOL in obese children and adolescents 

compared data from previously published healthy children and adolescents and those 

diagnosed with cancer. The study included one-hundred and six participants (57 male), with a 

mean (SD) age of 12.1 (3) years who were referred to an academic children’s hospital for 

obesity evaluation from January to June in 2002. The mean (SD) BMI for the obese cohort 

was 34.7 (9.3). The main outcome measure was a QOL inventory generic score with a scale 

of zero to 100. Compared to the healthy cohort, the obese cohort had lower QOL in all 

domains with a mean (SD) score of 67 (16.3) compared to the healthy cohort with a mean 

(SD) score of 83 (14.8) (p<0.001). Notably, the QOL of the severely obese cohort was similar 

to those with cancer. A limitation in this study was the severity of obesity in participants, 

given they had been referred to a tertiary centre, which reduces the relevance of these 

findings to those with lower severity of obesity and overweight (396).  

2.4.4 Rationale for weight management in overweight adolescents  

Weight management in adolescents is recommended for the amelioration of complications of 

overweight and obesity (395, 409-412). The rationale to address overweight and obesity 

during adolescence is to prevent obesity persisting into adulthood (24, 390) that has been 

found to increase during mid-adolescence and to continue into adulthood (22). Weight 

management is also recommended to reduce the risks of developing longer term medical 

complications of obesity that can include atherosclerosis, cardiovascular disease, type two 

diabetes and cancer (397, 413).  

A 10 year prospective cohort study undertaken in Australia assessed change in overweight 

and obesity between adolescence and young adulthood. In this study the proportion of 

overweight individuals increased from 20% in mid-adolescence up to a proportion of 33% by 

the age of 24 years, with obesity increasing from 3.6% to 6.7% (25). While the results of this 

study are consistent with other studies that found obesity in adolescence associated with 

increased risk of overweight and obesity in adulthood (23, 24), a striking finding was the 

extent of increase in weight across adolescence and into the young adult years.  
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Other complications of overweight and obesity can affect the social and emotional health of 

adolescents. Obesity, is a condition that is frequently stigmatised (396), with weight based 

bullying, low self-esteem (400), poor body image (414, 415) and difficulty participating in 

physical activities (416). 

Concerns about obesity have been widely publicised within health campaigns that, in some 

instances, have been found to be weight stigmatising and shaming of those who are 

overweight or obese (417). These concerns about overweight and obesity have exacerbated 

weight stigma and dieting particularly in adolescents (44, 418-422). Weight-related concerns 

and body dissatisfaction, particularly in adolescents with overweight and obesity, have been 

found to increase the risk of dieting and unhealthy weight control behaviours (423-425).  

Of importance to this thesis is the increase in prevalence and stigma associated with being 

overweight that is considered to contribute to the development of restrictive EDs (44, 421, 

426, 427). The current high prevalence rates of overweight and obesity in adolescents are 

unprecedented; never before has there been such exposure to social media platforms that may 

exacerbate pressure to conform to the thin ideal and exposure to an array of dieting and 

exercise strategies that are promoted to achieve the perfect body shape and size. It is therefore 

not surprising that weight loss in higher weight adolescents has led to a recently identified 

restrictive ED that does not meet the underweight criterion for diagnosis of AN. In the final 

section of the literature review, the current knowledge about the new higher weight restrictive 

ED, known as AAN will be presented.  

2.5 Atypical anorexia nervosa  

In 2013, the DSM-5 included a new classification of AAN as an ED in the category of other 

specified feeding and eating disorders. This category replaces the larger heterogeneous 

classification of EDNOS that is in the DSM-IV. The new ED AAN was introduced to 

categorise the group of patients who met all criteria for diagnosis of AN, who despite weight 

loss did not meet the ‘significantly low weight’ criterion required to diagnose AN (42). As 

discussed previously, the DSM-IV diagnostic algorithm was in place for the duration of this 

thesis and has been used to diagnose cases with AN in this study. However, in those who met 

all DSM-IV criteria for AN apart from underweight, the DSM-5 terminology of AAN is used.  

There are very few studies of AAN; previous studies of EDNOS are likely to include what is 

now referred to as AAN, as well as a variety of other EDs. In 2009, a case report was 
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published of a previously obese 15-year old girl who developed AAN. The girl had felt 

ashamed about her weight and believed that being thin would make her a better person. She 

commenced a diet to lose weight, eating one apple per day and drinking low calorie fluids 

(water and tea), and also commenced an excessive exercise program. This girl fulfilled all 

DSM-IV criteria for AN with body dysmorphia and secondary amenorrhoea for at least three 

months. However, as she was not underweight she was diagnosed with AAN rather than AN. 

The girl also had depressive symptoms, negative thinking, suicidal ideation and obsessive-

compulsive symptoms. She was hospitalised and prescribed a strict meal plan that maintained 

her weight. Eleven months after commencing weight loss she remained within the healthy 

weight range with ongoing body dysmorphia and amenorrhoea. Although no information is 

provided about cardiovascular measures or the amount of weight lost, this case describes 

some of the complications of weight loss, regardless of the fact that the patient’s weight was 

within the healthy weight range (428). 

In 2010, Peebles and colleagues undertook a retrospective chart review of 1,310 females, 

aged from eight- to 19-years. Participants were diagnosed with DSM-IV AN, BN or EDNOS 

and a comparison was undertaken of medical severity in each of the diagnoses. This was the 

first study to demonstrate that concerning medical complications from weight loss can occur 

in adolescents who do not meet the underweight criteria for AN. Within the EDNOS category 

a proportion of patients had lost more than 25% of their premorbid weight; despite not being 

underweight, this group was more medically compromised in some outcomes than the AN 

group. The outcomes of this study suggest that weight loss in previously overweight and 

obese adolescents in some cases can lead to the development of an ED with medical 

complications that are usually associated with underweight in AN (429).  

The association between AAN and obesity was first described in a case series published 

about two previously obese adolescents who had lost large amounts of weight. Despite 

clinical indications such as sinus bradycardia, amenorrhoea, cold intolerance and stress 

fractures, in the absence of low weight both cases were misdiagnosed and experienced major 

challenges and delays in obtaining a diagnosis and treatment for AN (421). This study was 

followed by a retrospective cohort study of 9 to 22 year olds, newly diagnosed with either 

AN or EDNOS, between 2007 and 2013. Of the 179 participants, 36.7% had a BMI above the 

85th percentile, but experienced greater weight loss (p<0.0001) and longer duration of illness 

before presenting (p<0.001) when compared to lower weight participants. Of particular 

relevance to this thesis was that the participants with AAN experienced the same 
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physiological complications and ED severity as AN participants - despite not being 

underweight (44).  

A later study was undertaken in 275 post-menarchal adolescent girls diagnosed with AN 

(N=27), subthreshold BN (N=9) and restrictive EDNOS (N=239). The aim of the study was 

to examine the association of premorbid BMI on the clinical characteristics of EDs. The 

results of this study were similar to Lebow and colleagues (44), in that patients who were 

previously overweight, despite greater weight loss, were found to be within the healthy 

weight range, yet were just as medically compromised and experienced ED cognitions that 

were just as disturbed as the underweight participants (422).  

Given the reasonably recent recognition of AAN, the prevalence of AAN is unknown. One 

study of 309 adolescents diagnosed with EDs found a surprisingly high proportion (30%) met 

the DSM-5 criteria for AAN (430). There is also limited evidence available in the literature 

about the aetiology, clinical course, optimal treatment and outcomes of AAN. The well 

recognised cardinal feature of AN is underweight and emaciation. Many studies in the 

literature that have focused on the significant complications of AN have reported that these 

are associated with the extent of underweight. For example, refeeding hypophosphataemia, 

bradycardia, hypotension and ED cognitions severity have all been described to be associated 

with the degree of underweight. Yet, the initial studies in AAN suggest that despite the 

absence of underweight, the severity of complications in AN and AAN are similar. These 

findings raise critical questions about the cause of the life-threatening complications 

experienced in patients with severe AN. While many of these complications have previously 

been thought to reflect underweight in patients with AN, in the context of AAN, weight loss 

rather than low weight would appear to cause these complications. This begs a critical 

question as to the extent to which weight loss rather than weight predicts these life-

threatening complications in patients with restrictive EDs.   

2.6 Summary of the literature review 

This literature review provides the background to the current knowledge about EDs, with 

specific information about AN, the restrictive ED that most commonly emerges during 

adolescence. The literature review provides detail about the clinical and psychological 

complications of AN that have been extensively described in the literature. The increased 

prevalence of adolescent overweight and obesity is described and the potential link with 

AAN. This thesis was undertaken to understand more about AAN in terms of its prevalence, 
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clinical and psychological complications, and specifically, to assess the association of 

underweight compared to weight loss as a predictor of complications.  

The hypothesis of the thesis is that weight loss will be a stronger predictor of medical 

complications in AN and AAN than weight at presentation, as the complications of AAN are 

adaptations to the state of starvation and malnutrition rather than the degree of underweight. 

Another point of interest is how the clinical outcomes of AAN patients compare to that of AN 

patients. The findings of this thesis are expected to have significant clinical implications for 

increased awareness, early diagnosis and appropriate treatment of EDs in adolescents with 

AAN. The following chapter will provide a description of the objectives and methods for 

three studies undertaken to address the aims.  
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Chapter 3 Methods 

3.1 Introduction 

This chapter provides a detailed description of the methods used for each of the three studies 

planned to address the research questions. The overall aims of this thesis, and the study 

designs and sample used to address these aims are described in sections 3.2 and 3.3 

respectively. This is followed by a description of the research setting that includes an 

historical perspective of the Royal Children’s Hospital (RCH) Eating Disorder (ED) service 

and details of the changes that have occurred over the nine-year study period in section 3.4. 

The entry points to the RCH ED inpatient service are described and information about the 

assessment and inpatient management for ED patients outlined. The measures and 

assessments undertaken at the ED outpatient multidisciplinary assessment (MDA) clinic are 

also described in section 3.6. The predictors and outcomes of interest in this research are 

defined in sections 3.7 and 3.8. In section 3.9 the chapter concludes with information about 

the statistical analyses that were undertaken. 

3.2 Research aims  

The aims of this research are: 

1) To describe the proportion of adolescents diagnosed with DSM-IV AAN (41), that is 

the residual diagnosis for those who meet all criteria for DSM-IV AN apart from 

underweight, and admitted to the RCH or attended the MDA clinic compared with the 

total number of adolescents with AN or AAN admitted to the RCH or attended the 

MDA clinic over a nine-year period; and  

2) To compare the clinical, biochemical and nutritional data in participants hospitalised 

for AN and AAN; and 

3) To compare the extent and recent weight loss with admission weight as predictors of 

the clinical complications during the first admission for an ED or at the time of 

attendance of the MDA clinic. These were also assessed at the six and 12 month 

follow-up after the first hospital admission or first attendance at the MDA clinic. 

These analyses were to be undertaken separately for inpatients and outpatients. 

3.3 Study design and sample 

In order to address the aims of this thesis, one retrospective and two prospective longitudinal 

cohort studies of adolescents diagnosed with either DSM-IV AN or AAN were conducted.  
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The studies conducted were: 

1) Study one: a retrospective inpatient cohort study for which eligible patients were 

recruited from 1st January 2005 to 31st December 2010. 

2) Study two: a prospective inpatient cohort study for which eligible patients were 

recruited from 1st January 2011 to 31st December 2013. 

3) Study three: a prospective outpatient study for which eligible patients were recruited 

from their first attendance at the MDA clinic from 1st January 2011 to 31st December 

2013.  

The proportion of AAN inpatients relative to the number of inpatients who have AAN or AN 

by year, over a nine year period (aim one), was assessed using data from studies one and two. 

The comparison between AN and AAN was undertaken over a six year period (aim two) and 

was assessed using data from study two. The extent of weight loss (from lifetime maximum) 

and recent weight loss (past three months) were compared with admission weight (at first 

admission or attendance at the MDA clinic) as predictors of the clinical complications over 

six months and twelve months following first hospital admission or attendance at the MDA 

clinic in adolescents with restrictive EDs (aim three) and assessed using data from all three 

studies. The details of the three studies are described in Section 3.3.2. Prior to the analysis, a 

comparison was undertaken of the key characteristics of participants in the retrospective and 

prospective studies to determine their comparability. As the characteristics were generally 

similar the data from the two inpatient studies were combined for analytic purposes.  

3.3.1 Ethics 

Ethical approval was obtained for the three studies from the RCH Ethics in Human Research 

Committee (HREC reference 30212) and The University of Melbourne (Ethics ID: 1136221). 

Patient consent was waived for each of these studies as they were based on routinely 

collected data. 

3.3.2 Study populations 

Eligible participants for the three studies were adolescents admitted to the RCH for the first 

time or who attended the MDA clinic for the first time with a diagnosis of DSM-IV AN or 

AAN. That is, they were adolescents who satisfied all criteria for AN, or who satisfied all 

criteria for AN except the weight criterion according to DSM-IV(41).  

Exclusion criteria for the three studies were: 
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1) Patients with a prior hospital admission at the RCH or other hospital for a restrictive 

ED (studies one and two) or if the attendance at the MDA clinic was not the first 

(study three);  

2) Female patients who had menstruated in the previous three months or did not have 

spontaneous menstruation due to medication such as the oral contraceptive pill or 

other similar hormone medication;  

3) Patients in whom AN cognitions were not apparent;  

4) Patients who were admitted to a ward other than the adolescent ward where nursing 

protocols were not followed (studies one and two only);  

5) Patients whose primary diagnosis was BN;  

6) Patients whose length of admission was less than seven days as this was insufficient 

time to fully assess biochemical, clinical and anthropometric study outcomes (studies 

one and two);  

7) Patients admitted to hospital from the MDA clinic were excluded from the outpatient 

study (study three) and included in the inpatient study (study two).  

The DSM-IV algorithm was used to define ED categories as this was the classification 

system in use for the duration of the nine years of the study. All patients were diagnosed by a 

psychiatrist at the time of their first admission or attendance at the MDA clinic. In 2013, the 

DSM-5 for EDs was published (42) which contained different diagnostic criteria for AN 

(Section 2.2.2). These new diagnostic criteria were not retrospectively applied for this study. 

However the DSM-5 terminology of AAN is used for convenience as this is the term that is 

currently used to describe patients who do not meet the underweight criterion for AN. Table 1 

is a summary of the characteristics of each of the studies which are described further below. 
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Table 1 Summary of the inclusion and exclusion criteria for the three studies 

 Study One 
2005-2010 

Study Two 
2011-2013 

Study Three 
2011-2013 

Study design Retrospective 
cohort study 

Prospective cohort 
study 

Prospective cohort 
study 

Setting Inpatient Inpatient Outpatient 

Inclusion criteria    

Age 12-19 years 12-19 years 12-19 years 

Diagnosis DSM-IV AN or 
DSM-IV AAN 

DSM-IV AN or 
DSM-IV AAN 

DSM-IV AN or 
DSM-IV AAN 

ED admission 
history 

1st hospital 
admission 

1st hospital 
admission 

1st attendance at 
MDA clinic 

Exclusion criteria    

Primary diagnosis BN BN BN 

Admission history 
for an ED 

Previous admission 
for an ED at RCH 
or other hospital 

Previous admission 
for an ED at RCH 
or other hospital 

Previous admission 
for an ED at RCH 
or other hospital 

Length of hospital 
stay 

Less than seven 
days 

Less than seven 
days 

Not applicable 

Location of 
admission at RCH 

Not on Adolescent 
ward 

Not on adolescent 
ward 

Not applicable 

Meets criteria for 
more than 1 study 

Not applicable Not applicable Excluded if had 
already met criteria 

for study two 

 

3.3.2.1 Studies one and two: retrospective and prospective inpatient cohort studies  

A nine year period from 2005 until 2013 was selected for studies one and two due to the 

consistency of the inpatient ED protocol over this time. Throughout the nine year study 

period, I was the dietitian with sole responsibility for ensuring that the refeeding protocol was 

consistently applied. This included maintaining the same kilojoule (kJ) and macronutrient 

prescription for each meal plan and prescribing increments to meal plans according to the 

RCH refeeding protocol (Section 3.6.1). There was also very high retention of consultant 

paediatricians across this period. This combination resulted in consistent practices around the 

frequency and timing of blood testing, patient weighing procedures, use of nasogastric 
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feeding and prescription of electrolyte supplementation. However there were also some 

differences across this period, described in detail in Section 3.4.  

Study one was a retrospective inpatient cohort study for which eligible patients were 

recruited from 1st January 2011 to 31st December 2010. Study two was a prospective inpatient 

cohort study for which eligible patients were recruited from 1st January 2011 to 31st 

December 2013. Baseline data for participants in both of these studies were collected from 

each patient’s medical record using data from the date of admission up to a maximum of 28 

days following the admission or until discharge, if earlier. For admissions longer than 28 

days, daily data were collected up to day 28, with the final data recorded on the date closest 

to discharge. Patients admitted after lunch on the first day did not have the first day included 

in the total number of days. Follow-up data were collected at six and 12 months after 

discharge from the medical record (+/- one month).  

At the time that these studies were planned and undertaken, it was not known whether it 

would be appropriate to combine the data from the two inpatient cohorts due to potential 

changes in practice. In order to assess this, a comparison was planned of key characteristics 

of participants in each of the studies to determine their level of similarity before undertaking 

a combined analysis.  

3.3.2.2 Study three: prospective outpatient cohort study  

Prior to 2011 we were also aware of the increasing prevalence of patients who were referred 

to the MDA outpatient clinic with a restrictive ED who were assessed as having AAN. Since 

2008, I was also the sole dietitian who participated in the MDA clinic, which also ensured 

consistency of the relevant data collection in this population. Given this, study three was 

planned as a prospective outpatient study of participants who met DSM-IV diagnostic criteria 

for AN or AAN and who attended the MDA clinic for the first time from 1st January 2011 to 

31st December 2013. Baseline data were collected at the clinic with refeeding bloods taken 

three days after the MDA clinic day. Follow-up data were collected at six and 12 months 

after the date of attendance at the MDA clinic from individual medical records (+/- one 

month). A retrospective outpatient study was not undertaken before 2011 as the MDA clinic 

did not commence until 2008, and there was little consistency in data collection in the MDA 

clinic until 2010 when the service embarked upon an RCT.   
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3.3.3 Estimated participant numbers 

The planned number of participants in each of the studies was based on the number of 

eligible admissions (study one) and the anticipated numbers of patients estimated prior to the 

commencement of this work for studies two and three. For study one, review of clinical 

records showed that the total number of first admissions for an ED over the six year period 

was 174. Based on my knowledge of the patient population, the number of eligible 

participants was expected to be about 70% of this, or approximately 120 participants, as not 

all of these patients would meet the study criteria. For the two prospective studies (studies 

two and three) it was estimated that there would be 20 participants per year who would meet 

the study criteria, based on the estimate for the retrospective study, leading to a total of about 

60 anticipated participants in each of the studies over the three year study period. Table 2 

shows the expected number of eligible patients in the three studies prior to data collection, 

based on the number of ED admissions from 2005 until 2009.  

Table 2 Number of patients expected for each of the three studies prior to data collection  

Study Number 

1 120 

2 60 

3 60 

 

I ensured that complete data was collected from every eligible participant. I was the inpatient 

dietitian across the study period and responsible for all of the inpatient data collection. The 

data collected was also checked against the database maintained by the eating disorders team.  

An independent duplicate data entry of 10.5% of participants’ records detected a 1.25% error 

in data entry. There was very little opportunity for bias around the primary outcome data as 

there was a strict protocol in place to ensure there was consistency of treatment for inpatients 

diagnosed with anorexia nervosa and atypical anorexia nervosa. 
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3.4 Setting 

All participants were either admitted to the RCH or attended the MDA clinic at the RCH, a 

tertiary paediatric hospital in Melbourne, Australia. The RCH is a public hospital and all 

financial costs for Australians with a Medicare card are covered by the Australian health care 

system. In 1997, the RCH Centre for Adolescent Health commenced a specialist ED program. 

This specialist ED service provides a comprehensive inpatient and outpatient program for 

adolescents with EDs, the majority of whom have restrictive EDs. The history of the ED 

service is described below to provide some background about the setting and study 

population.  

3.4.1 Historical perspective 

At the inception of the ED service in 1997, in the absence of specialist funding for the 

program, consultant paediatricians provided case management of adolescent patients in 

collaboration with mental health clinicians and dietitians who were largely based within the 

community.  

At this time, admission to the general adolescent ward at the RCH was primarily for medical 

instability and nutritional rehabilitation. Other reasons for admission included failure to gain 

weight as an outpatient, food or fluid refusal, parent respite when required from the difficulty 

of managing severely unwell patients at home, and mental health risk such as suicidal 

ideation or other forms of acute self-harm. As part of this early phase, the decision to admit a 

patient was at the discretion of individual paediatricians; there were no standardised 

admission criteria. There was also variation in discharge criteria at that time with each 

patient’s consulting paediatrician setting different admission goals. These goals variably 

included attaining medical stabilisation, reaching a weight target, and consuming all meals 

and snacks on the meal plan.  

From 1997 the RCH provided a state-wide service for adolescents with an ED, that is, 

patients came from across Victoria and, in some circumstances from other Australian states. 

Increasing awareness of the specialist ED program provided by the RCH resulted in a 

dramatic increase in the number of referrals to the program over time. This also resulted in an 

increase in admissions for an ED. For example, between 2004 and 2006, admissions 

increased more than 300% from 586 bed days in 2004 to 2,163 days in 2006. At the same 

time, the service became increasingly aware of the ‘revolving door’, with some patients 

requiring multiple admissions, and concern that many patients had a poor outcome (351).  
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In response to the increased demand on the ED service and concerns of poor long-term 

clinical outcomes, a number of changes were made to the service within a relatively short 

period of time.  

3.4.1.1 Meal supervision in hospital  

From 2006, the ED protocol was changed so that patients admitted with EDs ate all meals 

and snacks together at a table, closely supervised by nursing staff. Prior to this, ED patients 

ate at the bedside with supervision by one nurse per patient. However, the increase in patient 

numbers meant that individual supervision was not sustainable in terms of nursing numbers.  

3.4.1.2 Quaternary and tertiary ED service 

Prior to 2010, the RCH largely provided a regional tertiary service as well as ‘overflow’ care 

when beds were not available at the other ED services in Melbourne. Due to the 

inappropriately high demand on the service, the RCH executive decided to more strictly limit 

the service to be consistent with Victorian mental health regions, and to only accept 

quaternary-level patients referred by other ED services in a more planned manner.    

3.4.1.3 Establishment of the MDA clinic  

The MDA clinic was established in 2008. Prior to this, patients attended outpatient 

appointments with RCH or community paediatricians or presented to the RCH emergency 

department. The MDA clinic is managed by the ED clinical nurse consultants (CNCs) who 

triage referrals from paediatricians, family medical doctors, mental health providers and other 

clinicians, both within the RCH and from the community. Initial contact can also come from 

concerned parents and school staff. Over the course of this study, patients were triaged into 

the MDA clinic according to perceived urgency as determined by the ED CNCs. The 

assessment clinic consisted of a full day of structured assessments of the patient and their 

parents. Different assessments were undertaken by a consultant paediatrician, psychiatrist, 

dietitian, ED CNC and mental health clinician. At the conclusion of the assessment, a 

diagnosis was made and a treatment plan was developed and discussed with the family. Some 

of the assessments undertaken in the MDA were refined over time and became more 

consistent from July 2010. At the MDA clinic, if patients were diagnosed with a restrictive 

ED and the family was assessed as appropriate, FBT was initiated as the outpatient treatment. 

Patients who were deemed too unwell (i.e. met the criteria for admission described below) 
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were admitted to hospital for medical stabilisation and refeeding, prior to commencing FBT 

as an outpatient.  

3.4.1.4 Family Based Treatment model of care 

Prior to 2008, outpatient treatment was an adolescent-focussed treatment with a paediatrician, 

community-based mental health clinician and dietitian. In 2008, FBT for adolescent 

outpatients with restrictive EDs commenced as the primary treatment offered by the RCH ED 

service, initially funded by a philanthropic grant, and then by ongoing funding from the 

Victorian government. FBT was delivered by a mental health clinician over a six-month 

period with 18 therapy sessions of 50 minutes duration. The patient’s consultant paediatrician 

regularly reviewed the patient’s medical status. Psychiatrist review of any comorbid mental 

health conditions was undertaken as required (351). 

3.4.1.5 Admission to hospital 

Prior to 2008, patients could be admitted to the RCH from various different services and 

settings. This included following presentation to the emergency department, as a result of 

clinical assessment in outpatients with adolescent paediatricians or referral from community 

clinicians or other hospitals. Since 2008, there have been only two routes into first admission 

for an ED at the RCH. The preferred route follows referral to the MDA clinic. The second 

route to admission was from attendance at the RCH Emergency Department when, in 

consultation with a paediatrician from the ED program, the decision was made to admit the 

patient directly to hospital, bypassing the MDA clinic. From 2008, the same admission 

criteria were used as for admission from the MDA clinic. For those admitted directly to 

hospital a comprehensive clinical and psychiatric assessment was subsequently undertaken 

during the admission. 

3.4.1.6 The initiation of the clinical trial 

An RCT of FBT commenced within the ED service in July 2010. The primary aim of the trial 

was to compare the efficacy of two different forms of FBT. FBT and Parent Focused 

Treatment (PFT), both outpatient approaches for the treatment of AN (140). The primary 

outcomes of the trial were weight restoration as measured by %mBMI and severity of ED 

psychopathology as assessed by the EDE  (125). Rather than major changes to medical 

practices, the rigour of undertaking an RCT brought greater consistency to the clinical 

practices required to manage patients with a restrictive ED. This was especially in relation to 
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hospital admission and discharge criteria, and follow-up practices for all patients treated 

within the ED program. In particular, from 2008 the definition of medical instability was 

more consistently applied for the first admission for a restrictive ED, the focus of this thesis. 

From that time the decision to admit patients was more explicitly guided by the criteria 

articulated within the Position Paper of the Society for Adolescent Medicine (82) (Table 3). 

The hospital discharge criteria at that time were also formalised to achieve medical 

stabilisation, defined as a lowest PR of >45 bpm for three consecutive nights and a day time 

PR of >50 bpm consistently while awake. A comprehensive list of the indications for 

hospitalisations in ED patients is provided in Table 3. 
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Table 3 Indications for hospitalisation for a restrictive eating disorder (82)  

Severe malnutrition (weight ≤ 75% average body weight for age, sex and height 

Severe dehydration 

Electrolyte disturbances (hypokalaemia, hyponatremia, hypophosphataemia) 

Cardiac dysrhythmia 

Physiological instability  

Severe bradycardia (heart rate <50 beats/minute awake, <45 beats/minute at night) 

Hypotension (<80/50 mm/Hg) 

Hypothermia (body temperature <35.6°C [96°F]) 

Orthostatic changes in pulse (>20 beats/minute) or blood pressure (>10 mm/Hg) 

Arrested growth and development 

Failure of outpatient treatment 

Acute food refusal 

Uncontrollable bingeing and purging 

Acute medical complications of malnutrition (eg syncope, seizures, cardiac failure, 

pancreatitis, etc) 

Acute psychiatric emergencies (eg suicidal ideation, acute psychosis) 

Comorbid diagnosis that interferes with the treatment of the eating disorder (eg severe 

depression, obsessive compulsive disorder, severe family dysfunction)  
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3.4.1.7 Move to a new hospital site 

On November 30th, 2011 the RCH moved to a new purpose-built hospital located adjacent to 

the old hospital. This resulted in some changes in equipment, such as scales and stadiometers. 

The hospital move also resulted in some further changes to ED patient management. The new 

kitchen changed food service provision from a decentralised bulk trolley system to a 

centralised plating system. The wards in the new hospital no longer had a ward kitchen for 

food preparation and serving within the ward. There were some initial problems as kitchen 

and ward staff adjusted to the new centralised kitchen system. A particular difficulty for 

kitchen staff was around correctly portioning food serves as directed. Nursing staff assisted in 

re-portioning serves as needed and additional education with kitchen staff rectified the 

problem. There were also other minor changes as outlined below. 

3.4.1.7.1 New approaches to menus 

Patients continued to have limited choice with main meals with specific guidelines for 

ordering meals. This included a choice between full fat cows’ milk or full fat calcium 

fortified soy milk. Patients continued to nominate two specific foods that they disliked which 

meant that these were avoided. Diagnosed allergy foods and religious beliefs were also taken 

into account. A vegetarian diet was allowed when there was evidence that vegetarianism was 

long-standing, and pre-dated the ED, or for religious reasons. A new menu also commenced 

with the move to the new hospital. The same clinical specialist dietitian ensured consistency 

of meals for ED patients with no change to the daily energy, macronutrient and micronutrient 

provision. This was monitored by measuring the nutritional content of meals and snacks 

using the dietary analysis program Foodworks Professional, Version 4 (431) and Version 5 

(432). The absence of a ward kitchen and change to the new centralised kitchen meant that 

snacks could no longer be prepared by nursing staff on the ward. Offering a choice of 

kilojoule controlled snack options was no longer possible (as was the case prior to the 

hospital move). Therefore a change to set snacks for all ED patients was made; snacks were 

prescribed by the dietitian and these were prepared in the centralised kitchen. Despite these 

changes there was a consistent approach to nutritional rehabilitation across the study period 

as the various changes were carefully reviewed at the time.  

3.4.1.7.2 Reduced supervision 

The move to the new hospital also involved a change from an adolescent ward where patients 

had been nursed in four or six bed rooms with a shared bathroom, to individual rooms where 
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all patients had an individual bathroom. Supervision of patients after meals became more 

difficult with individual rooms. To facilitate more thorough nursing supervision and patient 

support following the move, patients sat together for one hour after meals and 30 minutes 

after snacks. Bathrooms were locked to prevent patient access without supervision. However, 

there are sinks with taps in all patient rooms which raises the potential for patients to water-

load on weigh days or purge. Although it is arguably easier to water-load and purge in the 

new hospital, this was also possible in the old hospital where the bathroom was unsupervised. 

It was therefore not anticipated to significantly impact the participants’ clinical course. 

3.4.1.7.3 New equipment 

The move to the new hospital meant a change in equipment for measuring height and weight 

for both inpatients and outpatients. As all equipment, both before and after the move, was 

regularly checked and calibrated by the RCH Department of Biomedical Services, no change 

was anticipated in the accuracy of this equipment.  

3.4.1.7.4 Introduction of an electronic medical record 

From 2005 until 2011 all medical notes were documented using pen and paper and were 

stored within the hospital or within a secure offsite storage facility. Transition to an electronic 

medical record began in 2011 with the introduction of electronic scanned medical records of 

hand written notes. By November 2011, coinciding with the move to the new hospital, all 

medical records were scanned into an electronic system and could be accessed for data 

collection. This change was not anticipated to impact study outcomes.  

In summary, there were a series of clinical, procedural and related changes over the nine-year 

study period. Two important changes were the introduction of FBT within the specialist ED 

service, and the commencement of the RCT which were associated with greater consistency 

of clinical practices. This included hospital admission and discharge criteria, and follow-up 

treatment for all patients treated within the ED program. In particular, from 2010 the 

definition of medical instability was consistently applied for the first admission for a 

restrictive ED, the focus of this thesis. Despite the changes described above, the wider 

aspects of inpatient management have remained consistent throughout the study period, with 

an inpatient protocol in use across the entire period. This was aided by the consistency of the 

dietitian, CNC and medical consultants within the program throughout the study period. In 

section 3.5, the data collected for the three studies are described.  
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3.5 Data collection for the studies 

Eligible patients for the three studies were identified using DSM-IV diagnostic criteria for 

AN and AAN. The numbers and reasons why patients were excluded from each of the three 

studies were documented. All of the data were collected as part of the routine assessment and 

follow-up with RCH paediatricians and ED CNCs, and were recorded in each patient’s 

medical record. The data were then obtained from the medical records for the purpose of the 

current studies, according to ethics committee approved protocols. All study data were de-

identified and stored in a locked filing cabinet, and in a password protected computer and 

network folder. 

3.5.1 Baseline data collected for all patients in study one, two and three  

The following measures were documented for all participants in each of the three studies:  

1) Date of birth, age 

2) Sex 

3) Patient country of birth  

4) Presence of another medical condition not related to their eating disorder 

5) Route of admission (eg the MDA clinic or the Emergency Department)  

6) Psychiatrically confirmed diagnosis of either DSM-IV AN or AAN 

Menstrual status: All female participants were amenorrheic, consistent with the DSM- IV 

diagnostic criteria for AN (41). Menstrual status was reported as ‘pre-menarchal’ for those 

who had not reached menarche and as ‘secondary amenorrhoea’ in those who had reached 

menarche but had not menstruated for a minimum of three consecutive months before the 

admission or attendance at the MDA clinic. Participants prescribed the oral contraceptive pill 

were not considered to be menstruating and for the purposes of this study were classified as 

amenorrheic.  

Premorbid weight and whether the participant was overweight and/or obese: This was 

calculated from the maximum lifetime pre-morbid weight reported by the patient and/or 

family and verified with the patient’s medical record at the RCH or from the patient’s 

medical doctor if available. If there was any discrepancy, the medical record documentation 

of weight was used. The date of the maximum weight was also reported; if the exact date was 

unknown, the 15th of the reported month was recorded. The BMI was calculated with the 

premorbid weight and an estimated height (calculated by matching the Z-score of the 
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admission height). The BMI centile was also calculated based on the CDC BMI centile chart 

(112). Based on the National Health and Medical Research Council of Australia, Clinical 

Practice Guidelines for the Management of Overweight and Obesity in Adults, Adolescents 

and Children in Australia, the definition for overweight was defined as a BMI centile ≥ 85.0 

and <95.0 and  for obesity was defined as ≥ 95.0 (390). 

The type of treatment commenced after discharge from the first admission or following the 

MDA clinic: this was defined as either FBT or a tailored multidisciplinary model when the 

patient was managed by several clinicians that usually included a paediatrician, mental health 

clinician and a dietitian. In Section 3.6, the assessments and management for inpatients 

(studies one and two) are described. 

3.6 RCH restrictive eating disorder assessments and management 

3.6.1 Inpatients (studies one and two) 

All patients admitted because of a restrictive ED had their weight and height measured by 

ward nursing staff at the time of the hospital admission. They were weighed again on the first 

morning of the admission after voiding, wearing a hospital gown and before breakfast. 

Weight was measured in the same way, twice weekly, for the duration of the admission. Prior 

to November 2011, patients were weighed with a digital chair scale with 0.01 kg increments. 

The move to the new RCH resulted in new equipment, with weights recorded using an 

electronic stand up scale (SECA) with 0.01 kg increments. A manual stadiometer was used to 

measure patient height until November 2011, when this was changed to an electronic 

stadiometer (Holtain Pty Ltd) with 0.1 cm increments.  

On admission, PRs were measured throughout the day and night by cardiac monitor (3 lead, 

Phillips MP-30) or pulse oximetry (Nellcor N-395) until clinically indicated to cease. Vital 

signs were measured at least daily throughout the remainder of the admission. Nursing staff 

recorded each day the lowest lying PR in bpm, the lowest lying BP (mm/Hg) and lowest body 

temperature in Celsius with 0.1 increments for the duration of the admission.  

Blood samples from all patients were collected by nursing staff who were instructed to 

undertake this after breakfast and before morning tea at 10.30 am. Bloods were routinely 

taken once daily during week one of the admission. Following this, they were taken twice 

weekly unless the patient experienced abnormal results and required more frequent tests. 

Serum phosphate, magnesium, potassium, sodium, creatinine and urea were measured and 
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recorded throughout the admission. Prophylactic supplementation of phosphate, magnesium 

and potassium was not routinely prescribed unless patients were assessed to be at extreme 

risk of refeeding. Any patient requiring prophylactic supplementation during the admission 

was documented. LFTs were only measured at the start of the admission unless clinically 

indicated.  

BGLs were measured daily by glucometer for a minimum of the first seven days of the 

admission. When there were ongoing concerns with low BGL, testing continued until BGLs 

stabilised at >3 mmol/L. BGLs were measured at 0200am while postprandial BGLs were 

measured one hour after the conclusion of breakfast, lunch and dinner. The postprandial 

measures were taken at one hour, rather than the more usually recommended two hour 

postprandial protocol (433) due to the time constraints of the refeeding protocol and timing of 

meals.  

Clinical hypoglycaemia is considered to be a plasma or serum glucose concentration that is 

low enough to cause signs or symptoms and includes impaired brain function. There is no 

definitive plasma glucose concentration that defines hypoglycaemia (433). This is because it 

is not possible to define a specific blood glucose concentration due to the dynamic fall of 

glucose levels (238). In healthy individuals hypoglycaemia symptoms have been observed to 

develop at a plasma glucose concentration of approximately 3.0 mmol/L (433). For this 

research, BGLs <3.0 mmol/L, <4.0 mmol/L and the BGL nadir for the admission are each 

reported. Patients diagnosed with type 1 diabetes mellitis who were prescribed insulin were 

excluded from this BGL protocol and the BGL analysis. 

Bone health assessments were conducted using DXA. The DXA was used to measure areal 

BMD of the lumbar spine (L1 – L4) and right hip, in g/m2. The lumbar spine bone density 

was measured in the anteroposterior and lateral projections. A whole body DXA was 

performed to determine fat and lean mass, a method that has been validated in children and 

young adults (302, 434). Measurements were compared with age and gender matched 

paediatric normative data and reported as ≥ -1 SD, ≥ -2 SD and percentage body fat (291). 

The hospital DXA machine (QDR 4500, Hologic, Inc., Bedford, MA, USA) was used to 

measure BMD during the first admission or very soon after discharge from the first admission 

(studies one and two).  

Bone age, a measure of skeletal maturation, was determined from an X-ray of the left hand 

and wrist according to the method of Greulich Pyle (293). The bone age was defined as 
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normal if it was within 2 SD of the patient’s chronological age. If the bone age was abnormal, 

it was classified as either ‘below normal range’ or ‘maturationally advanced’.  

All BMD results were reviewed and interpreted by an experienced paediatric endocrinologist. 

The endocrinologist determines the BMD Z-score taking into consideration the bone age and 

linear growth, as during the pubertal growth spurt rapid gains in BMD can lag behind the 

growth velocity for several months (278). The BMD results were adjusted for height Z-score, 

as this is also an important consideration for the interpretation of BMD scores (435).  

Hydration status was assessed in all restrictive ED patients by the medical team at the time of 

admission (or within the Emergency Department). If rehydration was required, 

documentation included the use of prescribed rehydration fluids and mode of delivery (oral, 

nasogastric or intravenous). This included use in the Emergency Department immediately 

prior to admission.  

In studies one and two, energy prescription at the start of the admission was determined by 

the dietitian in consultation with the medical team and reported as /day. There was no energy 

prescription provided for outpatients (study three). A nutritional rehabilitation plan was 

prescribed for all ED inpatients with an expectation that each patient would gain a minimum 

of 500g between each of the bi-weekly weighs. All patients commenced on a meal plan that 

provided approximately 8,000 kJ/day on days one and two, 9,200 kJ/day on days three and 

four, then 11,400 kJ/day from day five. For males aged 15 to 19 years old, at the discretion of 

the dietitian there was further progression on day seven with a second protein-based 

sandwich added to lunch to provide 12,600 kJ/day. Patients assessed as high risk for 

developing refeeding syndrome commenced on a meal plan that provided 6,000 kJ/day for 

the first two days and were then graded up as described above. Those assessed as extremely 

malnourished commenced on a continuous nasogastric tube (NGT) feeding plan. A summary 

of the nutritional analysis of meal plans used at the RCH is provided (Appendix A). 

All patients who required additional energy increases beyond the standard meal plans were 

offered a choice of high energy foods in addition to snacks that added approximately 1,260 

kJ. In 2009, the dietitian decided that when the meal plan had reached 11,400 kJ/day, further 

increments should be made with high energy supplement drinks rather than with additional 

food. A nutritionally complete supplement drink, Fortisip®, was introduced and provided an 

additional 1,260 kJ and 12g protein per 200ml. The energy contribution of the macronutrients 

in Fortisip® was 16% protein, 35% fat and 49% carbohydrate. A detailed nutritional analysis 
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of Fortisip® is provided (Appendix B). The exception to this was in 15 to 19 year old males 

who initially progressed to a second protein-based sandwich which was added to their lunch 

before adding the Fortisip® drink.  

All patients ate meals and snacks under the supervision of experienced nursing staff. Patients 

were given 30 minutes to complete meals and 20 minutes to complete snacks. If a patient was 

not able to consume all of the prescribed meal or snack within the designated time, an NGT 

was inserted and bolus feeds were given to replace incomplete meals or snacks by syringe 

into the NGT. The volume of the bolus feeds was calculated by the dietitian. If the patient 

managed to consume half of the meal or snack, a half bolus was given; a full bolus was given 

if the patient completed less than half of each component of the meal or snack. Bolus 

volumes were calculated as a proportion of the daily prescribed energy intake. For example, a 

patient prescribed 8,000 kJ/day would require one sixth to be replaced if they refused one 

meal or snack. The Fortisip® meal replacement or snack replacement equivalent for 8,000 

kJ/day was therefore 1/6 x 8,000 kJ, which was 210 ml of Fortisip® or 105ml for a half 

bolus.  

On their first admission, each patient was given a one day ‘grace’ period to complete all 

meals and snacks before an NGT was inserted. This gave patients an opportunity to settle into 

the hospital routine and to understand the expected behaviours around meals prior to inserting 

the NGT. In the case of extreme malnutrition or complete food and fluid refusal, the medical 

team could override the grace period and insert an NGT earlier than the usual protocol to 

ensure patient safety. 

Any alterations to meals and snacks were only able to be made by the dietitian in consultation 

with the medical team. Patients were expected to adhere to the prescribed meal plan. 

Exceptions to this included diagnosed food allergies and intolerances. In the event that there 

was no scientific evidence for the diagnosis, allergy testing and/or hydrogen breath testing 

were arranged. Modified diets were also provided for religious reasons, for example, for 

Halal foods. As described earlier, vegetarian diets were available for religious reasons or if 

the family reported that vegetarian eating was long standing and pre-dated the beginning of a 

patient’s ED.  

Throughout the study period, psychometric assessments were undertaken by trained research 

assistants at the MDA clinic or during the first admission or as soon as possible after the 

admission. The assessments undertaken included the EDE, a 36-item self-report measure that 
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covers the preceding 28 days. The four subscales are dietary restraint, eating concern, shape 

concern and weight concern. Each subscale score is reported on a seven-point scale (1). This 

assessment was used to determine the severity of each participant’s ED pathology.  

The number of days that each patient was required to be in hospital from admission date to 

discharge date was recorded. If the patient was admitted after lunch, this day was not 

included in the total number of days. The criterion for medical stabilisation for discharge 

from hospital was defined as a PR that was both ≥ 45 bpm for three consecutive nights and 

consistently ≥ 50 bpm while awake.  

3.6.2 MDA outpatient assessments (study three) 

All clinical measures were undertaken by the ED CNCs and paediatricians. Anthropometry 

measures and psychometric assessments were undertaken by trained research assistants 

during the first attendance at the MDA. Bloods were drawn at the conclusion of the MDA 

clinic (after three pm) and then three days following the presentation. Assessments of the 

BMD and bone age were undertaken as soon as possible following the presentation to the 

MDA clinic.  

Maximum lifetime pre-morbid weight was reported by the patient and/or family and verified 

with the patient’s medical record at the RCH or from the patient’s medical doctor if available. 

If there was any discrepancy, the medical record documentation of weight was used. The date 

of the maximum weight was also reported; if the exact date was unknown, the 15th of the 

reported month was recorded. 

3.7 Predictors of interest (studies one, two and three) 

BMI Z-scores were used to assess weight change (extent and recent) and to assess admission 

weight and weight at the MDA. BMI Z-scores were used as this provided a measure against a 

standard and enabled weight change to be detected across sex and age as well as accounting 

for the changes in linear height that occur across early to mid-adolescence (112).  

3.7.1 Extent of weight loss  

The extent of weight loss to be used for analysis was defined as the change in BMI Z-score 

calculated from the maximum reported weight to the admission weight, defined as the lowest 

weight recorded in week one of the admission (studies one and two) or weight at the MDA 

clinic (study three). When height was unknown at the time of maximum weight, the CDC 

calculator (112) was used to estimate height by matching the admission height Z-score at the 
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time of the weight measurement. This method for estimating premorbid height assumes a 

normal growth trajectory. 

3.7.2 Recent weight loss 

Recent weight loss was defined as the change in BMI Z-score from the BMI Z-score three 

months before the admission or at the MDA clinic to the lowest BMI Z-score in week one of 

the admission (studies one and two) or the BMI Z-score at the MDA clinic (study three). 

Unknown height three months before admission or presentation was estimated based on the 

Z-score at the time of the weight measurement. This was used to estimate height using the 

admission height Z-score at the time of the weight measurement (112).  

3.7.3 Admission weight  

Admission weight for analysis was defined as the lowest BMI Z-score recorded in week one 

of the admission (studies one and two) or the BMI Z-score measured at the MDA clinic 

(study three). The CDC electronic calculation program was used to calculate age and gender-

specific Z-scores for BMI (112).  

3.7.4 Additional anthropometric measures   

Additional anthropometric measures of weight loss and weight were also considered. 

Although not included in the main analysis within the thesis, the additional anthropometric 

measures provide further evidence to support the main findings of the thesis. The additional 

anthropometric data for extent of weight loss and recent weight loss included the percentage 

of total body weight lost and weight loss (kg/week). Additional measures of weight were 

weight (kg), weight (centile), weight (Z-score), BMI (kg/m2), BMI (centile) and %mBMI 

calculated based on the CDC median BMI for sex and age (112).  

3.8 Outcome variables 

The outcomes of interest in this study were the clinical course during the admission (studies 

one and two) or at the time of presentation to the MDA clinic (study three) and at six and 12 

months after discharge (studies one and two) or since their attendance at the MDA clinic 

(study three). 

For studies one and two, indicators of clinical course during the admission included 

biochemistry, clinical observations, DXA results, the requirement for rehydration, nutrition 

prescription, psychometric measures, psychotropic medications, weight change per week and 

length of hospital stay. Specifically, the outcomes at six and 12 months following the first 
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hospital discharge included weight as %mBMI, menstrual status, prescription of psychotropic 

medications, the requirement for readmission and DXA results (at 12 months only). 

In study three, indicators of clinical course included biochemistry, clinical observations, 

psychometric measures, use of psychotropic medications and DXA results. Specifically, the 

outcomes at six and 12 months included weight as %mBMI, menstrual status, use of 

psychotropic medications, DXA results (at 12 months only) and whether or not 

hospitalisation was required for an ED in the 12 months following the MDA clinic. The 

number of hospital admissions was recorded for the 12 months following the MDA.  

3.8.1 Biochemistry outcomes 

Reference ranges were based on those reported by the RCH Pathology Department. The 

primary outcome measure was the incidence of serum hypophosphataemia <1.10 mmol/L. 

Secondary outcomes included the incidence of hypomagnesaemia <0.70 mmol/L and 

hypokalaemia <3.5 mEq/L for all three studies. For studies one and two only, the nadirs of 

phosphate, magnesium and potassium were also recorded. LFTs were measured and reported 

at the start of the admission and at the MDA clinic. Reference ranges for LFTs were alanine 

aminotransferase (ALT) (10-30 IU/L) alkaline phosphatase (ALP) (100-350 IU/L) and 

gamma-glutamyl transferase (GGT) (<10).  

3.8.2  Clinical outcomes 

In studies one and two, the outcomes of interest were the incidence of bradycardia (<50 bpm 

during the day), and the nadir of lying PR, lying systolic BP and body temperature during the 

admission. Low systolic BP was defined as <90 mm/Hg and low body temperature as 

<35.5°C. In study three, outcomes of interest were the lying PR, lying systolic BP and body 

temperature that were measured at the MDA clinic.  

3.8.3 Anthropometry outcomes 

In studies one and two, weight was recorded at each bi-weekly assessment. The average daily 

weight gain for the duration of the admission was calculated. This was defined as the average 

weekly increase from admission to discharge in kg/week. This outcome was not considered in 

study three as weekly weights were not recorded in the medical records for outpatients. 
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3.8.4 Endocrine outcome variables 

3.8.4.1 Bone health outcomes 

BMD and bone age results were measured during the first admission or very soon after 

discharge in studies one and two. For study three, bone assessments were undertaken as soon 

as possible following the MDA clinic. Details about the BMD and bone age assessments are 

described in Section 3.6.1.  

3.8.4.2 Blood glucose level outcomes 

For each participant, the BGL nadir and the time of the nadir were reported. This occurred in 

studies one and two as part of the routine bloods for inpatients. The incidence of 

hypoglycaemia was defined as <3.0 mmol/L and <4.0 mmol/L, with the time reported for 

each hypoglycaemic episode also reported.  

3.8.5 Hydration and nutrition outcomes 

In studies one and two, outcomes of interest were whether or not the participant required 

rehydration and if so, the mode of delivery. Energy prescription was recorded at the start of 

the admission and at discharge, as well as whether or not the participant required NGT feeds 

at any time during the admission. The detail of this is outlined in Section 3.6.1. In study three 

no dietetic follow-up reviews were undertaken, consistent with the outpatient FBT model of 

care. Therefore no information about hydration and dietary intake at home was available for 

this study.  

3.8.6 Psychometric outcomes 

The EDE psychometric results of the four subscales of dietary restraint, eating concern, shape 

concern and weight concern and the global score were used to determine the severity of ED 

pathology. These outcomes were of interest in all three studies. 

3.8.7 Medication prescription outcomes 

In studies one and two, medications were recorded if prescribed by paediatricians either as 

prophylaxis against refeeding syndrome or therapeutically if deranged electrolytes developed 

during the admission. This included phosphate, magnesium or potassium. In study three, 

phosphate, magnesium and potassium were prescribed if electrolytes were deranged at the 

MDA clinic or when bloods were repeated three days later if bloods were deranged at that 

time.  
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Use of psychotropic medications during the admission was recorded (studies one and two). 

These included anxiolytics, antidepressants or antipsychotics. In study three, whether or not 

psychometric medication was prescribed at the time of MDA clinic was recorded. The 

psychometric medications included the following drugs: 

3.8.7.1 Anxiolytics  

Azapirones and benzodiazepines (lorazepam, clonazepam, diazepam, alprazolam) and   

antihistamines (hydrazine). 

3.8.7.2 Antidepressants  

Selective Seratonin Receptor Inhibitors (citalopram, escitalopram, fluvoxamine, paroxetine, 

fluoxetine, sertraline). Tricyclic antidepressants (doxepin, clomipramine, nortriptyline, 

amitriptyline, maprolitine, desipramine, trimipramine, imipramine, protriptyline). 

Monoamine Oxidase Inhibitors, (phenelzine, tranylcypromine, moclobemide) 

3.8.7.3 Antipsychotics  

Aripiprazole, ziprasidone, risperidone, quetiapine and olanzapine. 

3.8.8 Length of hospital stay (studies one and two) 

The number of days each patient was required to be in hospital from admission date to 

discharge date was reported. If the patient was admitted after lunch, this day was not included 

in the total number of days.  

3.8.9 Treatment status at six months and 12 months for all three studies 

For participants who remained in treatment at the RCH, follow-up data were accessed from 

medical records at six and 12 months following the date of discharge from the first hospital 

admission for a restrictive ED or from the date of attendance at the MDA clinic. As the 

follow-up assessments were not specifically scheduled to measure study outcomes for this 

study, the choice of which visit to use to record the follow-up data was chosen to be as near 

as possible to the six month and 12 month date (+/- one month). For those attending the 

outpatient clinic follow-up visits, height and weight were measured by the ED CNCs, 

paediatrician or trained research assistant. 

The clinical course of participants at six and 12 months included details of anthropometry, 

menstrual status and whether or not psychotropic and hormone medications were prescribed. 
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At 12 months, ED cognitions based on EDE scores and DXA results were also included (it 

was anticipated that these would generally be synchronously timed with this study). 

3.8.9.1 Anthropometric outcome variables 

Anthropometric assessment at follow-up was recorded as %mBMI. This was used as an 

outcome measure as this is the measure most frequently used to assess recovery in studies 

about AN.  

3.8.9.2 Menstruation outcome variables 

Menstrual status was reported by female patients in all studies and categorised as either pre-

menarchal or secondary amenorrhoea if they were not menstruating in the context of having 

reached menarche, or menstruating.  

3.8.9.3 Prescription of psychotropic and hormone medications 

Prescribed use of anxiolytics, antipsychotics or antidepressants and any hormone medication 

was documented at both follow-up time points for all studies. 

3.8.9.4 Bone health outcomes  

Follow-up DXA scans were undertaken 12 months following the admission (study one and 

two) or after the date of attendance at the MDA clinic (study three), consistent with routine 

clinical practice. The same hospital DXA machine was used for the baseline and follow-up 

scans (before and after the move to the new hospital). Results were included in this study if 

the DXA scan was undertaken at the annual review date (+/- one month) of the initial DXA 

scan. 

3.8.9.5 Psychometric outcomes 

Follow-up results of the EDE at 12 months following admission (studies one and two) or 

after the date of attendance at the MDA clinic (study three) were obtained. These 

psychometric assessments were undertaken by trained research assistants as part of the RCT 

that was being undertaken at the RCH. It was anticipated that these would generally be 

synchronously timed with this study.  

3.8.9.6 Treatment status 

At both the six and 12 month time points, treatment status was recorded as one of the 

following: 
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1) Continued to be treated within the RCH ED program 

2) Assessed as fully recovered and discharged 

3) Required at least one readmission 

4) Transferred to another service 

5) Transferred to an adult service  

6) Lost to follow-up  

3.9 Statistical Analysis 

3.9.1 General methodology 

The analysis will be conducted using all of the available data from all 3 studies. 

3.9.2 Compatibility of the data from the inpatient studies 

At the time these studies were planned, it was not known to what extent the results for studies 

one and two would be comparable and therefore able to be combined for analytic purposes. 

The data collected in the prospective study were expected to be more accurate than in the 

retrospective study and to have less missing data. It was also anticipated that interventions 

and procedures would have been more consistently undertaken in the prospective study 

compared with the retrospective study. In particular, it was expected that PRs would be lower 

in the prospective study due to the more consistent application of the admission criterion of 

medical instability, particularly bradycardia (defined as PR <50bpm). With the introduction 

of FBT in 2008 and the change to consistent discharge criterion of medical stability, it was 

possible that the length of hospital stay in the prospective study may have differed from the 

retrospective study. The introduction of FBT in 2008 was also anticipated to result in a 

decrease in readmissions. The other changes that occurred over the nine-year study were not 

expected to impact the results as every effort was made to follow the same inpatient treatment 

protocol around, for example, the provision of nutrition, timing of routine tests and the 

protocol for weighing patients.  

Given the potential for differences in the characteristics of participants in the prospective and 

retrospective studies prior, to conducting any data analysis, summaries of baseline and 

outcome data were compared for participants in the two studies to assess their comparability. 

Continuous characteristics for these studies were summarised using means and SDs or 

medians and IQRs for non-normally distributed variables, and numbers and percentages for 

categorical characteristics. This is described in detail in Chapter 6. The result was that data 

from studies one and two could indeed be combined for analytic purposes.  
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3.9.3 Summary of the baseline characteristics 

The baseline and demographic data for each of the three studies will be summarised with 

studies one and two combined and study three presented separately.  

3.9.4 Assessment of the thesis aims 

Aim one was assessed by presenting the proportion of AAN inpatient participants over all 

inpatients with AAN or AN, per year over the nine year period, combining the data from 

studies one and two. For study three, these data are presented for participants who attended 

the MDA clinic over a three year period.  

To assess aim two, the comparisons between AN and AAN were made using linear 

regression for continuous variables, reported as differences in means and their 95% CI, or 

using a nonparametric rank sum test for non-normally distributed data, and a difference in 

proportions and its 95% CI for binary variables.  

To assess aim three, to compare the extent and recent weight loss and weight as predictors of 

clinical course, two separate analyses were undertaken, in inpatients (studies one and two 

combined) and in outpatients (study three). Separate logistic regression models were used to 

assess the extent and recent weight lost, and weight as predictors of the incidence of 

hypophosphataemia (primary outcome). Results are presented as ORs, their 95% confidence 

CIs, p-values and R2 value (which represents the proportion of variability in the outcome 

explained by the predictor). Linear and logistic regression models were also applied to assess 

the weight variables as predictors of the other measures of the clinical course, with separate 

regression models fitted for each predictor/outcome combination. Results are presented as 

regression coefficients (linear regression) and ORs (logistic regression), along with 95% CIs, 

p-values and R2 values. For all outcomes the analyses were repeated adjusting for potential 

confounders of age and sex. For refeeding outcomes, analyses were repeated adjusting for 

prophylactic supplementation of phosphate, potassium and magnesium. DXA results were 

also adjusted for height Z-score. All analyses were performed using Stata 13.0 (436). This 

cohort study meets criteria for the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) Statement which is covered within the thesis 

This chapter has described the aims of the study, the study design and sample, and details of 

the three studies to be undertaken to address these aims. The next three chapters will present 

the results of the studies undertaken. The first two chapters (Chapters 4 and 5) will include 
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publications and the third results chapter (Chapter 6) will be presented with a publication and 

additional results in the format of a traditional thesis chapter.  
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Chapter 4 A Case Study  

4.1 Introductory statement 

This chapter is presented in the form of a manuscript that was published in the journal 

Adolescent Medicine: State of the Art Reviews, volume 23, number 2, August 2012. This 

journal is the official journal (Adolescent Health section) of the American Academy of 

Pediatrics. The journal is published twice a year and details advances in diagnosis and 

management of a wide range of health problems affecting adolescents.  

Contributions to this journal were solicited by open invitation including on the Society of 

Adolescent Health and Medicine’s listserv. Authors were invited to submit concise case 

presentations with an accompanying discussion and a limited number of references. Accepted 

cases were to represent common adolescent problems with unusual presentations as well as 

other unusual presentations rarely seen in adolescence. Authors were directed to not disclose 

the diagnosis until the final discussion to allow readers to formulate a differential diagnosis 

based on the case discussion. Twenty seven cases were accepted for publication, twenty-five 

from the U.S. and two from Australia.  

The case study highlights the following important points: 

- Dizziness, bradycardia, amenorrhoea and weight loss may be observed in adolescents 

with a range of different diagnoses, including the possibility of a restrictive ED. 

- Regardless of an adolescent’s weight, detail about weight history, psychosocial 

background, nutritional intake and dieting history should be collected as part of the 

initial assessment in adolescents who have lost weight. 

- Weight loss and clinical features of dizziness, amenorrhoea and bradycardia, despite 

not being underweight, should alert clinicians to consider a restrictive ED within the 

range of possible differential diagnoses. 

- In adolescents who have lost weight but are not underweight, there is potential for a 

missed diagnosis of a serious ED which can delay commencing treatment and result 

in potentially life-threatening complications.  
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This is an important manuscript because it describes severe symptoms and acute medical 

complications in a 16 year old girl following significant weight loss. As the patient presented 

with an appropriate weight for her age and height, the diagnosis of an ED was not 

immediately obvious in the initial assessment. Further assessment found she had previously 

been overweight and restricted her dietary intake which resulted in a weight loss of 17 kg. 

Clinicians risk not considering an ED within the differential diagnosis, as appeared to be the 

case initially in this case; neither the family doctor nor staff in the RCH emergency 

department appeared to consider an ED. The next section is the final author submission 

before publication, with the final publication in the Appendices (Appendix C).  

4.2 Final author submission  

Dizziness and Bradycardia for Investigation 

Melissa Whitelaw, APD., B.App.Sc.(PhysEd)., B.App.Sc.(HlthSc)., BNutr.Diet.a,b,c,d, 

Heather Gilbertson, AdvAPD., Ph.D.a,c,d, Katherine J Lee, Ph.D.c,d 

and Susan M Sawyer, MBBS., MD., FRACP, FSAHM.b,c,d 

 

aDepartment of Nutrition and Food Services, The Royal Children’s Hospital, Melbourne, 

Australia 

bCentre for Adolescent Health, The Royal Children’s Hospital, Melbourne, Australia 

cDepartment of Pediatrics, The University of Melbourne, Australia 

dMurdoch Children’s Research Institute, Melbourne, Australia 

Corresponding Author:  Melissa Whitelaw 

    Department of Nutrition and Food Services 

    Royal Children’s Hospital 

    50 Flemington Rd 

    Parkville 3053, Victoria 

    Australia 

    Email: melissa.whitelaw@rch.org.au 
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CASE REPORT 

A 16 year old girl presented to her family doctor because of some recent episodes of 

dizziness. She had no significant past medical history although had not had a period for the 

past 3 months. Clinical examination revealed she was bradycardic with a pulse rate of 44 

bpm. The remainder of her physical examination was normal. The patient had recently lost 

some weight, but as she had previously been overweight, her current weight was appropriate 

for her height and age. The doctor organised a baseline blood panel which was normal. The 

family were advised that her dizziness, low heart rate and amenorrhea were most likely 

explained by her high fitness level and extensive sport regime. No follow-up appointment 

was arranged. 

Over the next 4 days the girl’s parents became increasingly concerned about her ongoing 

dizziness and took her to the emergency department of a tertiary children’s hospital for 

further assessment. At this time the patient was noted to be pale. Her body temperature was 

36.1°C and blood pressure was 101/62 lying and 98/62 on standing. Her resting pulse rate 

was 44 bpm lying and 55 bpm on standing. Her respiratory rate was 16/minute and her SaO2 

was 100%. She had mild pharyngeal irritation. Her abdomen was soft with no organomegaly. 

She appeared well nourished. Her weight of 51.5 kg was within the normal range for her 

height and age. She was euthymic in mood and affect with a normal mental state 

examination. An electrocardiogram revealed sinus bradycardia but was otherwise normal. 

 Psychosocial assessment was completed with the patient in the absence of her parents. This 

revealed that she was an only child from an intact family. She was a high achieving student 

and an active participant in sports. She described supportive relationships with friends. She 

denied any drug and alcohol use and was not sexually active. Menarche was at 12 years of 

age. She reported a regular 28 day cycle until her periods ceased 3 months prior to 

presentation. She described first feeling concerned about her weight 6 months ago. She 

started losing weight after extraction of her wisdom teeth 3 months previously. At that time, 

she attempted to become healthier by increasing her physical activity and eating more healthy 

foods. The patient reported a diet history that included 3 meals and 3 snacks per day. Her diet 

appeared to include an appropriate range of foods and adequate caloric intake.  

Following assessment in the Emergency Department, the explanation for her dizziness and 

bradycardia remained unclear and she was admitted under the Adolescent Medicine Unit for 

further assessment. On admission, the history and examination were similar to that obtained 
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within the Emergency Department. Nursing staff used a calibrated electronic scale and 

stadiometer to measure her weight and height before breakfast with the patient wearing a 

gown and having voided. Her expected body weight for her age was determined by the 

median Body Mass Index (BMI) calculated from the Centers for Disease Control and 

Prevention (CDC).1 These anthropometric measures are detailed in Table 1.  

TABLE 1 Anthropometry based on The Centers for Disease Control and Prevention Growth 

Charts 1 

 Actual Centile Z score 

Height 167.0 cm 74.17 0.65 

Weight  51.5 kg 35.07 -0.38 

Body Mass Index (BMI) 18.5 kg/m2 18.97 -0.88 

CDC 50th centile BMI for age 20.7 kg/m2 50.00 0 

Maximum weight (6 months earlier) 68.6 kg 90.45 1.31 

Maximum BMI (6 months earlier) 24.6 kg/m2 87.65 1.61 

 

The patient’s admission BMI was 89.4 % of the median BMI for her age. Her maximum 

weight 6 months previously was 68.6 kg, with a premorbid BMI of 24.6 kg/m2 that, at more 

than the 85th centile, meant she was overweight.1 She had lost 24% of her body weight over 

the 6 months prior to presentation but reported that she had not intended to lose so much 

weight. 

Full Blood Examination revealed that her hematrocrit, red cell count and neutrophil segments 

were slightly lower than the reference range but was otherwise normal. Venous blood gases 

revealed pCO2 was 53 mmHg (Ref range 35-50) and HCO3 was 29 mmol/L (Ref range 22-

28). Random blood glucose was normal. Other laboratory results at the time of presentation 

are detailed in Table 2. Her heart rate was noted to drop to 35 bpm on her first night in 

hospital. 
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TABLE 2 Initial Laboratory Results 

Test Result Reference Range 

Sodium 140 mEq/L (140 mmol/L) 135-145  (135-145) 

Potassium 4.3 mEq/L (4.3 mmol/L) 3.5-5.0  (3.5-5.0) 

Chloride 105 mEq/L (105 mmol/L) 98-110  (98-110) 

Urea 16.0 mg/dL (5.7 mmol/L) 6.8-18.0  (2.1-6.5) 

Creatinine 0.73 mg/dL (65 umol/L) 0.56-1.24  (50-110) 

Calcium 10.0 mg/dL (2.49 mmol/L) 8.4-10.4  (2.10-2.60) 

Magnesium 1.6 mg/dL (0.65 mmol/L) 1.7-2.9  (0.70-1.20) 

Phosphate 4.7 mg/dL (1.52 mmol/L) 3.6-5.9  (1.10-1.80) 

 

DISCUSSION 

Dizziness, bradycardia, amenorrhea and weight loss in adolescent females suggest a range of 

differential diagnoses that include gastrointestinal, endocrine, gynecologic, cardiovascular, 

malignancy, psychological pathology and substance abuse. Some more specific differential 

diagnoses are outlined in Table 3.  
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TABLE 3 Differential diagnoses 

System Examples 

Gastrointestinal Celiac Disease, Inflammatory Bowel Disease (Crohn’s 

Disease, Ulcerative Colitis), Esophageal Achalasia 

Endocrine Type 1 Diabetes Mellitus, Hyperthyroidism, Addison’s 

disease 

Gynecological Pregnancy, menstrual disorders 

Malignancy  

Cardiovascular Sinus node dysfunction, superior mesenteric artery 

syndrome 

Psychological Depression, eating disorders, substance abuse 

 

Additional investigations to assess possible organic causes of her weight loss revealed a 

mildly elevated Thyroid Stimulating Hormone (TSH) 5.90 IU/L; Ref range 0.50-4.50, normal 

Free Thyroxin (FT4) 0.9ng/dL; Ref Range 0.8-1.9 (11.1 pmol/L; Ref range10.0-25.0) and 

low Free U.S.Tri-iodothyronine (FT3) 175 pg/dL; Ref Range 234-435 (2.7 pmol/L; Ref 

Range 3.6-6.7). Erythrocyte Sedimentation Rate (ESR) and Celiac antibodies were normal. 

Serum Follicle Stimulating (FSH) Hormone was normal 5.9 IU/L; Ref range 1.0-6.0 and she 

had a marginally low serum Luteinising Hormone (LH) at 0.4 IU/L; Ref range 0.5-8.0.  

These blood results suggested the possibility of mild secondary (hypothalamic-pituitary) 

hypothyroidism which is most likely due to malnutrition from inadequate dietary intake. 

Celiac Disease was unlikely and a normal ESR suggested that an organic cause such as 

malignancy or inflammatory disease was also unlikely.  

The patient’s history was carefully reviewed by an adolescent physician and a dietician with 

both the patient and her parents. This revealed a strong desire for a more ‘healthy diet’ which 

had led to reduced portion sizes, low fat and low caloric diet. Her efforts to improve her 
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fitness level resulted in an excessive exercise regime, including exercising alone in her 

bedroom. It was felt that such a low caloric intake and high activity level were the likely 

explanation for the 16.5 kg weight loss, with strong suspicion of an eating disorder.  

Nursing observations on the ward revealed that the patient found it difficult to complete 

appropriately sized meals, was particularly challenged by high energy foods, expressed 

reluctance to gain weight, and was more anxious around meal times. These features also 

suggested an eating disorder. 

Assessment by the consultant psychiatrist confirmed a diagnosis of Eating Disorder Not 

Otherwise Specified (EDNOS). The patient met some criteria for Anorexia Nervosa (AN) 

including fear of gaining weight, body dysmorphia and amenorrhea. However as her BMI 

was more than 85% of the expected BMI for her age, she was diagnosed with EDNOS. This 

is the residual diagnosis for an eating disorder that does not meet all of the criteria for AN or 

Bulimia Nervosa (BN). Table 4 summarizes the Diagnostic Statistical Manual (DSM) IV 

criteria for eating disorders.2  
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TABLE 4 DSM IV Diagnostic Criteria for Eating Disorders 2  

Anorexia Nervosa (AN) Bulimia Nervosa (BN) Eating Disorder not 

Otherwise Specified 

(EDNOS) 

A. Refusal to maintain 

body weight at or above 

a minimally normal 

weight for age and 

height (e.g. weight loss 

leading to maintenance 

of body weight less than 

85% of that expected; or 

failure to make expected 

weight gain during 

period of growth, leading 

to body weight less than 

85% of that expected. 

 

A.Recurrent episodes of binge 

eating. An episode of binge 

eating is characterised by both 

of the following: 

(1) eating in a discrete period 

of time an amount of food that 

is definitely larger than most 

people would eat during a 

similar period of time and 

under similar conditions. 

(2) a sense of loss of control 

over eating during the episode 

(e.g. can’t stop eating or 

control what or how much one 

is eating 

Category for disorders of 

eating that do not meet the 

criteria for any specific 

Eating Disorder. Examples 

include 

1. For females, all the criteria 

for AN are met except that 

the individual has regular 

menses.  

B. Intense fear of 

gaining weight or 

becoming fat, even 

though underweight. 

B. Recurrent inappropriate 

compensatory behavior in 

order to prevent weight gain, 

such as self-induced vomiting; 

misuse of laxatives, diuretics, 

enemas, or other medications; 

fasting or excessive exercise. 

2. All of the criteria for AN 

are met except that, despite 

significant weight loss, the 

individual’s current weight is 

in the normal range. 

C. Disturbance in the 

way in which one’s body 

weight or shape is 

C. The binge eating and 

inappropriate compensatory 

behaviors both occur, on 

3. All of the criteria for BN 

are met except that the binge 

eating and inappropriate 
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experienced, undue 

influence of body weight 

or shape on self-

evaluation, or denial of 

the seriousness of the 

current low body weight. 

average, at least twice a week 

for 3 months. 

compensatory mechanisms 

occur at a frequency of less 

than twice a week or for a 

duration of less than 3 

months. 

D. In post menarchal 

females, amenorrhea, i.e. 

the absence of at least 

three consecutive 

menstrual cycles.  

D. Self-evaluation is unduly 

influenced by body shape and 

weight.  

4. The regular use of 

inappropriate compensatory 

behavior by an individual of 

normal body weight after 

eating small amounts of food 

(e.g., self-induced vomiting 

after the consumption of two 

cookies). 

 E. The disturbance does not 

occur exclusively during 

episodes of Anorexia Nervosa. 

5. Repeatedly chewing and 

spitting out, but not 

swallowing, large amounts of 

food. 

 

Urea and electrolytes were normal at presentation which is common in presentations of AN 

provided the patient is appropriately hydrated. The patient became hypophosphatemic on day 

6 and required phosphate supplementation until day 14 to prevent the development of 

Refeeding Syndrome. Her lowest heart rate recorded during the admission was 31 bpm on 

day 3. Despite difficulties with nutritional intake she gained 3.0 kg over the 16 day 

admission. At discharge, her resting pulse rate was consistently between 47 and 50 and her 

resting systolic blood pressure had increased to 106 mmHg. 

The acute medical complications of adolescents with AN are well established3,4 and include 

cardiovascular, hematologic and biochemical  complications. Some of these complications 

are reversible with early identification and intervention of medical management and weight 

restoration.4  
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 Refeeding Syndrome can result from nutritional intervention and can be life threatening.5 

Despite a healthy weight at presentation and the diagnosis of EDNOS, it is noteworthy that 

the patient developed both severe sinus bradycardia and hypophosphatemia as typically seen 

in malnutrition from AN.5 The degree of hypophosphatemia was unknown as phosphate 

supplementation was commenced immediately she became hypophosphatemic.  

Overweight and obesity in children and adolescents have been declared an epidemic 

worldwide, with the prevalence reported to have more than doubled in the last 25 years. This 

has resulted in a heightened awareness of this public health crisis by the general population 

and concerns about the potential long term health implications.6 Overweight adolescents are 

particularly vulnerable to inappropriate weight management strategies and disordered eating 

practices.7,8,9  The Project EAT (Eating Among Teens) surveys in 1999 and 2004 provide 

evidence that unhealthy weight control is not effective in weight management and can be 

detrimental for additional weight gain and lead to disordered eating and eating disorders.7  

Public health messages and the extent of media concern about overweight are likely to have 

contributed to the emergence of a new eating disorder which has been observed in pre-morbid 

overweight adolescents who lose weight. This disorder has all the clinical and psychological 

pathology usually associated with malnutrition in AN. However, as the patients present with 

a healthy weight for their age and height, current diagnostic criteria prevent the diagnosis of 

AN. 

A recent retrospective study by Peebles et al. compared the medical severity of adolescents 

with EDNOS to those with AN and BN.10 In this study of 1310 females with an eating 

disorder, 25.2% were diagnosed with AN, 12.4 % with BN and 62.4% with EDNOS. This 

study concluded that overall, the medical severity of adolescents diagnosed with EDNOS (of 

the AN subtype) was less severe than those with AN. However, 61.6% of all EDNOS patients 

met recommended criteria for medical hospitalization and were severely unwell. Exploratory 

analysis of the group of patients with EDNOS – AN subtype who had lost more than 25% of 

body weight found they were more compromised than patients with AN and other EDNOS 

subtypes in some medical outcomes. This was despite a BMI of 97.7% of median BMI. These 

outcomes included bradycardia (< 50 bpm) and orthostasis by heart rate (>20 beat rise in 

heart rate from lying to standing). Apart from patients with AN, EDNOS subtype of AN was 

the most likely subtype to meet criteria for hospital admission. 
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In the case presented here, a pre-morbidly overweight female adolescent with the diagnosis of 

EDNOS rather than AN experienced the severity of symptoms and acute medical 

complications more typically associated with AN. Despite losing 16.5 kg over the preceding 

6 months, the diagnosis of EDNOS was made due to her normal weight at presentation of 

89.4% of her expected BMI which excluded the diagnosis of AN. 

 In the absence of low weight, clinicians risk not considering an eating disorder within the 

differential diagnosis, as appeared to initially be the case here, with neither her family doctor 

nor staff in the Emergency Department appearing to consider an eating disorder. In this 

situation, the diagnosis of a life threatening eating disorder may be delayed with significant 

risks to the patient, as this case illustrates. We suggest that the extent of overweight and 

obesity in adolescents now means that as much consideration should be given to the degree 

and rate of weight loss as has historically been given to the extent that the patient is 

underweight to ensure that eating disorders can be identified and treated in a timely manner. 
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Chapter 5 Restrictive Eating Disorders  

5.1 Introductory statement 

This chapter is presented in the form of a manuscript that was published in the journal 

Pediatrics, volume 134, August 2014. Pediatrics is the official journal of the American 

Academy of Pediatrics and publishes original research, clinical observations, and special 

feature articles in the field of paediatrics, as broadly defined. The electronic journal is 

published 12 times per year, with some accepted articles published in the print version. This 

publication was accepted for publication in print. Pediatrics has one of the highest impact 

factors (5.473) of the 117 pediatrics journals indexed in the 2014 Journal Citation Report 

(from Thomson Reuters). The publication generated media reports in Australia, the U.S. and 

Europe that included print, radio and online (Appendix D).  

This is the first study published that explores the incidence of AAN compared to the total of 

AN and AAN that required first admissions to a specialist ED program in a tertiary paediatric 

hospital. This study also compared the clinical, biochemical and nutritional data between the 

diagnoses of AN and AAN over a 28 day period. As discussed (Chapters 2 and 3), this study 

was undertaken prior to the publication of the DSM-5 (42). The terminology EDNOS-Wt is 

therefore used in this manuscript but is inter-changeable with AAN.  

This research was presented at The International Congress of Pediatrics in Melbourne, 

Australia, in August 2013 and also at The Australian and New Zealand Academy of Eating 

Disorders Conference in Melbourne Australia, in August 2013.  

This paper highlights the following important points: 

- The increasing proportion of adolescents diagnosed with AAN who have required 

hospital admission over a six-year period. 

- Following weight loss, despite not being underweight the patients with AAN 

experienced a similar profile of life-threatening complications as adolescents 

diagnosed with AN.  

The following is the final author copy of the manuscript prior to publication online on the 

25th August, 2014. The final publication is in the Appendices (Appendix E).  
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5.2 Final author submission  
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weight but who are not underweight. Little is known about the frequency of life-threatening 

complications in these adolescents.  

What This Study Adds: Over 6 years, we found more than a 5-fold increase in the incidence 

of hospitalized adolescents who, apart from not being underweight, have diagnostic features 

of anorexia nervosa. This group experienced a similar profile of acute complications of 

anorexia nervosa. 
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Abstract 

Background and Objectives: Clinicians are increasingly observing adolescents who have 

lost large amounts of weight, experience typical cognitions and acute medical complications 

of anorexia nervosa (AN), yet do not meet diagnostic criteria for AN due to weight. We refer 

to this category of Eating Disorder Not Otherwise Specified as (EDNOS-Wt). We set out to 

describe the changing incidence of EDNOS-Wt compared with AN and to compare the 

characteristics of these two groups in a cohort that required hospitalization following weight 

loss.  

Methods: A six-year retrospective cohort study (2005-2010) was undertaken of first 

admissions of 12-19 year olds to a tertiary children’s hospital using Diagnostic Statistical 

Manual of Mental Disorders IV (DSM IV) AN or EDNOS-Wt. Clinical, biochemical and 

nutritional data were collected up to day 28 of admission. 
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Results: Ninety-nine adolescents were admitted; 73 had AN and 26 had EDNOS-Wt. Mean 

(standard deviation) age at admission was 15.2 years (1.3) and 87% were female. In 2005, 

EDNOS-Wt represented 8% of admissions; by 2009 this proportion had increased to 47%. 

Hypophosphatemia developed in 41% of AN and 39% of EDNOS-Wt patients. The lowest 

mean pulse rate in AN was 45.1 bpm compared with 47.1 bpm in EDNOS-Wt patients. 

Conclusions: We have experienced more than a 5-fold increase in the proportion of 

adolescents with EDNOS-Wt admitted over this six-year period. Despite not being 

underweight, EDNOS-Wt patients experienced a similar profile of life-threatening 

complications of weight loss as patients with AN. Higher weight adolescents who have 

extensively lost weight require careful medical assessment.  

Introduction 

We have observed increasing numbers of adolescents with a restrictive eating disorder who 

meet all diagnostic criterion for Anorexia Nervosa (AN) apart from low body weight. The 

Diagnostic Statistical Manual of Mental Disorders, Fourth Edition (DSM IV)1 describes four 

diagnostic criterion to be diagnosed with AN, one of which is low body weight, defined as 

less than eighty-five percent of expected body weight . Failure to meet this low weight or 

other diagnostic criterion for AN results in the residual diagnosis of Eating Disorder Not 

Otherwise Specified (EDNOS), which is frequently perceived by clinicians and families to be 

less severe than AN.1 The recently released DSM 5 also requires a ‘significantly low body 

weight’ to diagnose AN.2 Despite not being underweight, these patients have the 

psychological features of AN and can be medically compromised to the extent of requiring 

hospital admission.3,4 We refer to EDNOS patients who do not meet weight criteria as 

EDNOS-Wt.  

The aim of this paper is to describe the relative incidence of adolescents with EDNOS-Wt   

and those with AN over a six-year period. We also compare the severity of acute medical 

complications between these two diagnoses. This retrospective study based the diagnosis of 

AN on DSM IV which was in use over the study period.  

Patients and Methods 

Setting 

The Royal Children’s Hospital (RCH) is a tertiary pediatric hospital in Melbourne, Australia, 

which has a specialist Eating Disorder (ED) program. All patients with a possible ED 



127 

undergo ambulatory assessment by a multidisciplinary ED team. Adolescents requiring 

admission are managed on the general Adolescent Ward by the same specialist team. 

Ethical approval was obtained from the RCH Ethics and Research Committee and The 

University of Melbourne. Patient consent was waived as this study used retrospective, 

routinely collected data. 

Study design and sample 

A six-year retrospective cohort study (2005-2010) was undertaken of 12-19 year olds 

admitted to hospital for the first time with an ED and weight loss. Admission data were 

retrieved from dietician encounters in the hospital database. Study participants were 

categorised with either DSM IV AN (including restricting and binge-purge subtypes)1 or 

EDNOS-Wt. That is, eligible patients met all criteria for the diagnosis of AN or were not 

sufficiently underweight at 85% or more of median body mass index (%MBMI) and 

diagnosed with EDNOS-Wt.  

Patients in the study were admitted to hospital following ambulatory assessment or after 

presentation to the hospital’s emergency department. The main admission criterion was acute 

medical complications if the treating team felt the patient was too unwell to be safely 

managed as an outpatient (eg sinus bradycardia).  

Over the six-year period there were 174 admissions for an ED. Patients were excluded if their 

primary diagnosis was bulimia nervosa (BN, N=5), the admission was not the first admission 

(to any hospital) for an ED (N=20), they had menstruated in the previous 3 months (N = 9), 

had no AN cognitions (N =10), were less than 12 years old (N=9), or due to lack of beds on 

the adolescent ward were admitted elsewhere and not managed according to clinical protocols 

(N=18). Four patients admitted for less than 7 days were excluded as they were transferred to 

another hospital for ongoing care. This study was based on the remaining 99 patients. 

Inpatient refeeding protocol for AN 

Following assessment of recent dietary intake, a minimum of 1,900 kcal per day was 

prescribed by the dietician, grading up to 2,700 kcal on day 5.5 Patients deemed at significant 

risk of refeeding syndrome were commenced on rehydration therapy or modified meal plan. 

Regular food and drinks were offered; nasogastric feeding was used when patients were 
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unable to eat the prescribed amount. Prescribed meal plans were analysed with Foodworks 

Professional, Version 4, 1998-2005.6  

Outcome measures 

Retrospective data were collected on clinical features and investigations from clinical 

records. Data were collected from Day 1 of admission to discharge, to a maximum of 28 

days. For longer admissions, final discharge data were also recorded. Weight and height were 

measured at admission, with weight then measured twice weekly before breakfast, after 

voiding and wearing a gown. Patients and families were asked to report the maximum 

premorbid weight; medical confirmation was used when available. Centers for Disease 

Control and Prevention (CDC) growth charts7 were used to calculate age and gender specific 

centiles for height, weight and body mass index (BMI). Weight is reported as z-score. BMI is 

reported as z-score, centile and percentage of median body mass index (%MBMI). 

Overweight was defined as BMI centile 85.0 – 94.99 and obesity as 95.0 or above.7  

At admission, pulse rates were measured throughout the day and night by cardiac monitor (3 

lead, Phillips MP-30) or pulse oximetry (Nellcor N-395) until clinically indicated to cease. 

Vital signs were measured at least daily by nursing staff throughout the admission. Data 

recorded for analysis included lowest lying pulse rates (bpm), lowest systolic blood pressure 

(mm/hg) and lowest body temperature (Celsius). Serum phosphate, magnesium and 

potassium were measured throughout the admission. Liver function tests were only measured 

at admission unless abnormal. Biochemistry reference ranges were based on our hospital 

pathology guidelines.  

Statistical analysis 

The number of EDNOS-Wt patients is presented as a proportion of the total AN plus 

EDNOS-Wt patients, along with a line of best fit. All clinical and outcome data are 

summarised separately for AN and EDNOS-Wt patients, reported using means and standard 

deviations (SD) for quantitative characteristics (medians and interquartile ranges (IQR) for 

non-normal data), and numbers and percentages for categorical characteristics. Comparisons 

between AN and EDNOS-Wt adolescents were made using linear regression for continuous 

variables, reported as differences in means and their 95% confidence intervals (CI), or using a 

non-parametric ranksum test for non-normal data, and a difference in proportions and it’s 

95% CI for binary variables. All analyses were performed using Stata 12.0.26 



129 

Results 

Ninety-nine adolescents fulfilled the inclusion criteria, of whom 73 met diagnostic criteria for 

AN and 26 EDNOS-Wt. The mean (SD) admission age was 15.2 years (1.3) and 87% were 

female. The median length of stay for AN was 21 days (IQR 15-29) compared with 14.5 days 

for EDNOS-Wt (IQR 10-21), p<0.001. 

Figure 1 demonstrates the increasing proportion of adolescents admitted with EDNOS-Wt 

compared with AN over six years. In 2005, EDNOS-Wt represented 1 of 13 (8%) first 

admissions. By 2009, this proportion had increased to 9 of 19 (47%) first admissions. 

Figure 1 Scatter plot of proportion of inpatients who have EDNOS-Wt relative to the number 

of patients with EDNOS –Wt or AN by year, along with a line of best fit. 
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Clinical characteristics 

As expected, adolescents with AN had lower admission weights, with a mean (SD) admission 

weight z-score of -2.06 (1.25) compared with -0.01 (1.78) in adolescents with EDNOS-Wt 

(mean difference = 2.05, 95% CI 1.42 to 2.69, p<0.001). Adolescents with AN had a mean 

(SD) %MBMI of 74.5 (7.1) compared with 93.0 (5.3) in EDNOS-Wt patients (mean 
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difference = 18.5, 95% CI 15.4 to 21.5, p<0.001). As expected, AN patients had a lower BMI 

centile and z-score compared with EDNOS-Wt patients (both p<0.0001) (Table 1). 

Table 1 Comparison of weight measures between patients who have AN and those who have 

EDNOS-Wt  

  AN (N= 62) EDNOS-Wt (N=24)   

 Median 

IQR 

Median 

IQR 

 p value 

Maximum premorbid BMI 

centile 

64.5 

(30.1 to 82.9) 

83.0 

(75.9 to 97.5) 

 0.0005 

Admission BMI centile 0.3 

(0.03 to 3.18) 

25.6 

(17.07 to 38.41) 

  

<0.0001 

Admission BMI  z score -2.7 

(-3.4 to -1.9) 

-0.7 

(-0.9 to -0.3) 

 <0.0001 

Duration of weight loss 

from lifetime maximum to 

admission (months)   

9.3 

(5.4 to13.1) 

6.1 

(3.5 to 12.4) 

 0.18 

Weight loss from lifetime 

maximum to admission 

(kg) 

12.7 

(7.8 to 18.8) 

13.2 

(6.8 to 18.4) 

 0.84 

  Mean (SD) 

(N=69) 

Mean (SD) 

(N=26) 

Mean 

difference 

p value 

Mean weight gain per day 

(kg)  

0.16 

(0.1) 

0.18 

(0.7) 

0.02 0.24 

IQR = Interquartile Range     SD = Standard Deviation  
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Eighty-six adolescents had their premorbid weight recorded. Over a third of patients with 

EDNOS-Wt were previously overweight (17%) or obese (29%). In comparison, less than one 

fifth of AN patients were previously overweight (11%) or obese (7%). There was no 

statistical difference in the amount of weight lost or duration of weight loss prior to 

admission between the two diagnoses (p=0.84 and 0.18 respectively).  

One eligibility criteria was lack of menstruation in the 3 months prior to admission. 

Menstrual status were compared in females (N=86) by diagnosis. Fifteen (23%) of the 64 

girls with AN were pre-menarchal while 3 (14%) of the 22 girls with EDNOS-Wt were pre-

menarchal. The remaining percentages had secondary amenorrhea.  

Severity of acute medical complications 

There was no statistical difference in the severity of acute medical complications between the 

two groups including lowest pulse rate, severity of sinus bradycardia or incidence of 

hypophosphatemia (Table 2). More importantly, the 95% confidence intervals are reasonably 

narrow.. For example, the mean (SD) lowest pulse rate was 45.1 (9.9) bpm in AN patients 

and 47.1 (13.7) bpm in EDNOS-Wt patients. Similarly, in patients who experienced severe 

sinus bradycardia during the admission (pulse rate less than 40 bpm), there was no statistical 

difference in the mean (SD) pulse rate, being 35 (4.8) in patients with AN and 34 (5.71) in 

EDNOS-Wt. The one exception was a statistical difference between the lowest lying systolic 

blood pressure, which was lower in AN patients (p=0.0005).  

Table 2 Comparison of clinical measures between inpatients with AN and those who have 

EDNOS-Wt  

  AN 

(N=73) 

EDNOS-Wt 

(N=26) 

Estimate of difference p value 

Admission signs Mean (SD) Mean (SD) 

 

Mean difference  

Lowest pulse rate 45.1(9.9) 47.1 (13.7) 

 

2.0 0.45 

Pulse rate less than 40 bpm 35(4.8) 

 

34  (5.5) 

 

1.0 0.60 
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Lowest body temperature (ºC) 35.9 (0.41) 

(0.4) 

34.8 (5.71) 

(5.7) 

1.1 0.09 

  Median 

IQR 

Median 

IQR 

  

Lowest systolic blood pressure 84 

(80 to  90) 

91 

(87 to 94) 

 0.0005 

Investigations at admission N (%) N (%) Difference in 
proportions 

 

Hypophosphatemia 30 (41%) 10 (38%) 0.03 0.81 

Hypomagnesemia 8 (11%) 1 (4%) 0.07 0.27 

Hypokalemia 4 (5%) 0 (0%) 0.05 0.22 

  Mean (SD) Mean (SD) Mean difference  

Phosphate nadir (mg/dL) 3.5 (0.4) 3.6 (0.6) 0.1 0.50 

Magnesium nadir 

(mg/dL) 

2.1 (2.1) 1.9 (0.1) 0.2 0.54 

Potassium nadir  

(mEq/L) 

4.0 (0.4) 4.2 (0.3) 0.2 0.03 

 Median 

IQR 

Median 

IQR 

  

Alkaline phosphatase (IU) 

(N=99) 

62.0 

(57.0 to 86.5) 

85.0 

(66.0 to 111.0) 

 0.14 

Gamma-glutamyltransferase (IU) 
(N=99) 

14.0 

(10.5 to 18.0) 

12.0 

(11.0 to 16.0) 

 0.85 

Alanine aminotransferase (IU) 
(N=98)  

53 

(25.0 to 42.0) 

34 

(28.0 to 39.0) 

 0.86 

SD = Standard Deviation        IQR = Interquartile Range 
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Nutritional intake 

The mean (SD) daily maximum energy prescribed for a minimum weight gain of 1 kg per 

week up to day 28 was 3,086 (336) kcal in AN patients and 2,977(475) kcal in EDNOS-Wt 

(mean difference =109, 95% CI -258 to 1,179, p=0.21). Twenty (30%) patients with AN and 

10 (38%) patients with EDNOS-Wt required enteral feeding (difference in proportions 0.03, 

95% CI -0.23 to 0.17, p =0.76).    

Discussion  

We have observed a dramatic increase in restrictive EDs in adolescents who met all 

diagnostic criteria for AN apart from low weight. These adolescents required hospital 

admission because of acute medical complications of weight loss, despite not meeting the low 

weight criteria. We also found that inpatients with EDNOS-Wt experienced a similar profile 

of life-threatening complications as adolescents with AN including early refeeding syndrome.  

This builds on the study by Peebles et al.4 who were the first to demonstrate that medical 

complications from weight loss can occur in adolescents who do not meet diagnostic criteria 

for DSM IV AN. Their retrospective study compared the medical severity of 8-19 year old 

females diagnosed with AN, BN and EDNOS.4 Of those with EDNOS, a proportion had lost 

greater than 25% of their premorbid weight. Although not underweight, this group was more 

medically compromised in some outcomes than the AN group. Our study reinforces the 

Peebles’ conclusion  that malnutrition at ‘multiple weights’ can result in medical 

compromise.4 Two studies of early onset ED also identified that low weight is not the only 

risk for medical instability. In a British review of 208 cases of children less than 12 years old, 

Hudson et al reported that 41% were medically unstable yet not underweight. 9 Similarly, a 

Canadian study of 161 children less than 13 years of age also identified children who did not 

meet criteria for AN but were medically compromised.10  

In the Minnesota Starvation Experiment of 1943-44,11 36 previously healthy men were fed 

3,200 calories per day for 3 months, then 1,800 calories for 6 months. Most men lost >25% of 

their body weight over this period. In response, they developed decreased heart rate and 

blood pressure. Fatigue, apathy, dizziness and hair loss, psychological and personality 

changes were also observed. The men were reported to become obsessed with food, and 

developed unusual behaviors around food. 11  
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In our study there was a similar amount and duration of weight loss in the two groups, despite 

the fact that one group was underweight and the other not. Given this, it may be that the 

clinical features we observed in AN and EDNOS-Wt patients are less due to underweight and 

more a physiological response to extreme weight loss over a short period, which was 

apparent in both groups. Further research is required to explore this further. 

The fact that severely underweight children and adolescents can experience life-threatening 

cardiovascular complications continues to pose a challenge for clinical educators. For 

example, a recent British study showed that most pediatric trainees were unable to identify 

any cardiovascular complications of severe underweight and that only half knew that 

refeeding syndrome can lead to hypophosphatemia.12 That a similar profile of complications 

can be experienced in patients who have lost considerable weight without being significantly 

underweight will provide an even greater challenge for educators.  

As many clinicians are not aware of the cardiovascular risks associated with underweight, or 

that weight loss itself may result in medical instability, it is not surprising that there are 

extensive delays in diagnosing adolescents with EDs who are not underweight. Sim et al. 

reported two cases of previously obese adolescents, one was a 14 year old who had lost over 

50% of his body weight. Despite 13 medical encounters, increasing food restriction, social 

withdrawal, cold intolerance, bloating, constipation and fatigue, and clinical signs of sinus 

bradycardia and dehydration, there was no clinical discussion of his weight loss over this 

time. At his mother’s request, he was referred for an ED assessment and the diagnosis was 

finally made, but only after the patient had lost sufficient weight to meet diagnostic criteria 

for AN.13  In contrast, Whitelaw et al.3 reported that while a pediatric emergency department 

did not consider an ED within the differential diagnosis of an overweight adolescent who 

presented after losing 17 kgs in a few months and was found to have severe bradycardia, 

EDNOS-Wt was promptly diagnosed following admission to hospital under the care of an 

adolescent medicine team with extensive ED experience. In this latter case, an ED was 

diagnosed without the patient having to lose sufficient weight to meet diagnostic criteria for 

AN.3  Our retrospective study reinforces the message of these case reports - that  

cardiovascular assessment is a critical component of the clinical assessment of significant 

weight loss, regardless of a patient’s actual weight.  

In the context of the obesity epidemic, EDNOS-Wt has rapidly emerged as an ED in 

adolescents who have lost large amounts of weight but are not underweight at the time they 
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present to health services. In this study, EDNOS-Wt patients had higher premorbid weights 

however some AN cases were also premorbidly overweight or obese. It is noteworthy that 

some of the patients in the current study had been advised by a health professional that they 

should lose weight, but no advice or follow-up was provided. None of the patients were 

engaged with any medical or professional service at the time they lost weight. This highlights 

the need for supervision of appropriate weight loss efforts in overweight adolescents to 

ensure it is physiologically safe.  

More ecological approaches have been recommended with a shift away from weight as a 

primary determinant for treatment of overweight.14,15,16,17 Recent risks have been described 

from school-based obesity intervention studies. For example, Pinhas et al. reported 4 cases 

where school interventions that included teaching healthy eating were temporally associated 

with dietary restriction and disordered eating. Three of four cases required hospital admission 

for medical stabilisation.14 

The current study has a number of limitations. Data were collected retrospectively which 

reduces reliability. In particular, data about the maximum pre-morbid weight were not 

routinely sought during the study period and we cannot be certain of the reliability of the 

reported weights. Over the six-years, our admission criteria relied increasingly on strict 

medical instability which may have led to an increased recognition of this condition over the 

study period. While this could partly explain the increasing number of EDNOS-Wt cases over 

this period, this change in admission criteria would have affected both AN and EDNOS-Wt 

patients alike. Family Based Treatment was introduced at the RCH during the study period. 

However since only first hospital admissions are included, which typically occur prior to the 

commencement of treatment, this was unlikely to have influenced our findings. 

All adolescents with EDNOS-Wt in the current study were clinically assessed by our 

psychiatrist to have similar cognitions as adolescents with AN. This is consistent with 

Fairburn and Bohn’s study that compared the psychological profile of AN patients with 

EDNOS, finding no differences between the two.18 Similarly, Eddy et al. compared 57 AN 

and 46 EDNOS patients and found no differences of Eating Disorder Examination 

Questionnaire results or self-reported measures of depression and self-esteem between the 

two groups.19 It is interesting to contemplate the validity of psychometric measures when 

patients are not underweight20 , a topic that warrants further research.  
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Despite significant weight loss and a psychological profile consistent with AN, adolescents 

with EDNOS-Wt were not sufficiently underweight to be classified as AN according to DSM 

IV criteria (Figure 2).1 The recent DSM 5 has removed the numerical weight requirement of 

less than 85% expected body weight for AN. The requirement for amenorrhea has also been 

removed. However individuals must still have a ‘significantly low’ body weight to be 

diagnosed with AN.2   

Figure 2 DSM-IV-TR diagnostic criteria for AN. Reprinted with permission from the 

Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, (Copyright 2000) and 

the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, (Copyright 2013). 

American Psychiatric Association. All Rights Reserved. 

DSM-IV-TR Diagnostic Criteria for Anorexia Nervosa1 

A. Refusal to maintain body weight at or above a minimally normal weight for age and height 

(eg, weight loss leading to maintenance of body weight less than 85% of that expected; or 

failure to make expected weight gain during period of growth, leading to body weight less 

than 85% of that expected). 

B. Intense fear of gaining weight or becoming fat, even though underweight. 

C. Disturbance in the way in which one’s body weight or shape is experienced, undue 

influence of body weight or shape on self-evaluation, or denial of the seriousness of the 

current low body weight. 

D. In postmenarcheal females, amenorrhea, ie, the absence of at least 3 consecutive menstrual 

cycles. (A woman is considered to have amenorrhea if her periods occur only following 

hormone, eg estrogen administration).  

DSM 5 Diagnostic Criteria for Anorexia Nervosa2 

A. Restriction of energy intake relative to requirements, leading to a significantly low body 

weight in the context of age, sex, developmental trajectory, and physical health. Significantly 

low weight is defined as a weight that is less than minimally normal or, for children and 

adolescents, less than that minimally expected. 

B. Intense fear of gaining weight or of becoming fat, or persistent behaviour that interferes 

with weight. 
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C. Disturbance in the way in which one’s body weight or shape is experienced, undue     

influence of body weight or shape on self-evaluation, or persistent lack of recognition of the 

seriousness of the current low body weight. 

Determining the definition of low weight is complex in adolescents due to variations in 

pubertal status and growth. The DSM 52  recommends less than the 5th centile for CDC BMI-

for-age as suggestive of  low weight, while advising clinicians to also assess somatotype, 

weight history and physiological disturbances.2 Atypical AN is the new terminology to 

describe those who fail to meet the weight criteria for AN under DSM 5, a diagnosis within 

the larger diagnostic group of Other Specified Feeding or Eating Disorder. Despite our 

EDNOS-Wt cohort being physically unwell, they did not reach diagnostic criteria for AN in 

either manual. Indeed, were we to retrospectively apply the CDC suggestion of low weight at 

less than 5th centile BMI2 to our cohort, 11 fewer would be diagnosed with AN than using 

DSM IV. While further studies are required to explore the incidence, clinical severity and 

prognosis of adolescents who are not underweight yet otherwise have diagnostic features of 

AN, the current study supports further broadening the diagnostic criteria of AN by removing 

reference to low weight.  

Dietary restraint, body dissatisfaction, weight concerns, and pursuit of the thin ideal have 

each been identified as risk factors for dieting and the development of disordered eating 

which can lead to an ED.16,21,22,23 Both BN and binge ED, another common ED, can be 

experienced in those who are overweight and obese.24,25 While the causes of EDs are likely 

multifactorial, neurobiological risk factors are increasingly believed to contribute in those 

who are genetically vulnerable. Indeed, weight loss itself may trigger the cascade that leads to 

AN in those who are neurobiologically or genetically vulnerable.26 

Conclusion 

We have observed a 5-fold increase in adolescents diagnosed with EDNOS-Wt over a six-

year period who required hospital admission because of acute medical complications. . 

Regardless of their actual weight, clinicians consulting with adolescents who have lost a large 

amount of weight should, among other tasks, review the patient’s weight loss strategies to 

ensure they are sustainable and safe. They should also carefully assess the patient’s 

cardiovascular health and consider the development of an ED.  
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Chapter 6 Weight and weight loss as predictors of complications 

6.1 Introductory statement 

This chapter of the thesis addresses the following two research objectives. The first objective 

is to describe the proportion of participants diagnosed with AAN as a proportion of the total 

cohort with AN and AAN who required hospital admission over the nine year study period 

(2005 to 2013). The second objective is to assess the degree of underweight, extent of weight 

loss and recency of weight loss as predictors of complications in AN and AAN.  

To address the thesis objectives two inpatient studies were planned and undertaken, one that 

was retrospective and one that was prospective. At the outset it was uncertain whether the 

participants in these two studies would be sufficiently compatible to be combined into one 

study. In order to explore the compatibility of the two inpatient studies, a comparison was 

undertaken of the key characteristics of the participants in studies one and two. These 

characteristics included age, sex, anthropometry (premorbid, the lowest weight in week one 

of the first admission, duration in months of weight loss, amount of weight loss in kilograms 

and weight loss as the percentage of total body weight lost). Details of the hospital admission 

were also compared, including length of the hospital stay, energy prescription, the 

requirement for nasogastric feeding, daily weight gain, the incidence of hypophosphataemia 

and the PR nadir for the admission. The characteristics of the participants in the two inpatient 

studies (2005 to 2010 and 2011 to 2013) were found to be similar across the two studies and 

there were reasonably consistent practices over the combined nine year study period. The 

results of the two studies were therefore considered to be sufficiently compatible and were 

combined for all analyses (Table 1).  

This chapter is divided into two sections. The first section is in the form of a published 

manuscript: Whitelaw M, Lee KJ, Gilbertson H, Sawyer SM. Predictors of complications in 

anorexia nervosa and atypical anorexia nervosa: degree of underweight or extent and recency 

of weight loss? Journal of Adolescent Health 2018, 63(6):717-23.  

In this publication, BMI Z-scores are used to measure admission weight and the changes in 

BMI Z-score for the extent and recent weight loss. The rationale for the use of BMI was that 

BMI is the most frequently used method to assess anthropometry in adolescents (97) as both 

weight and height are considered. The additional benefit is that BMI Z-score provides 

information about the degree of deviation from the median. As discussed in the literature 
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review (Chapter 2), BMI Z-score is also recommended to categorize the degree of 

malnutrition (104). Similarly, in the 2015 Position Paper of the Society for Adolescent Health 

and Medicine: Medical Management of Restrictive Eating Disorders in Adolescents and 

Young Adults, the use of BMI Z-scores is recommended as a measure of malnutrition in 

restrictive EDs (86) (Section 2.3.1.2.2).  

The second section of this chapter presents additional results using BMI Z-scores to measure 

admission weight and weight loss (extent and recent) as predictors of complications in AN 

and AAN. These outcomes include BGLs, DXA results (BMD and percentage of body fat) as 

well as outcomes at the six-month and 12month follow-up reviews since the first admission. 

These results were not included in the publication due to the constraints of word count.  

As described in the methods (Chapter 3), several alternative measures of admission weight 

and weight loss (extent and recent) were also considered as predictors of study outcomes. 

These additional measures are briefly mentioned at the conclusion of the chapter with the 

results of these alternative measures presented as tables that are included in the Appendices 

(Appendices F1 to F51).  

The Journal of Adolescent Health is a multidisciplinary scientific journal which publishes 

new research findings in the field of adolescent health and medicine. The journal is the 

official publication of the ‘Society for Adolescent Health and Medicine’, a multidisciplinary 

organisation that is committed to improving the health and well-being of adolescents. 

According to the Journal Citation Reports published in 2017, the Journal of Adolescent 

Health has an impact factor of 4.098 and is ranked fifth out of 124 journals in paediatrics 

(science edition). When my paper was published, it was accompanied by an editorial about 

the study entitled ‘Moving beyond “Skinniness”: presentation weight is not sufficient to 

assess malnutrition in patients with restrictive eating disorders across a range of body 

weights’. The editorial described this study as ground breaking in identifying the current 

inadequacy of relying on low presentation weight as the guide for clinical concern in 

restrictive EDs, a concept derived from past evidence that does not represent the current 

population diversity of shape and size (let alone race, ethnicity and gender) (437).  

I presented this research at the Society for Adolescent Health and Medicine Meeting in 

Seattle, U.S. in March 2018. Following publication of the paper, media interest was generated 

and the study outcomes were subsequently reported in print, electronic media and on radio 

(Appendix D).   
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In section 6.2.1, I present the final author submission of the manuscript that was submitted to 

the Journal of Adolescent Health prior to publication online and in print. The published 

version of the manuscript is included in the Appendices (Appendix G). In section 6.3, the 

additional outcome results that were not included in the manuscript are presented and in 

section 6.4 the additional anthropometric measures considered as predictors of complications 

are mentioned, with these results included as tables in the Appendices (F1 to F51). Section 

6.5 is the conclusion of this chapter.   

6.2 Final author submission  

Predictors of complications in anorexia nervosa and atypical anorexia nervosa: degree 

of underweight or extent and recency of weight loss? 
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Implications and Contribution: The contribution of weight loss versus underweight to the 

physical sequelae of anorexia nervosa and atypical anorexia nervosa is unknown. Rather than 

underweight, weight loss was a stronger predictor of many physical complications that cause 

hospital admission. Greater attention to weight loss as a measure of starvation is 

recommended.  
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Abbreviations:  

AN anorexia nervosa 

AAN atypical anorexia nervosa, meets all other DSM-IV criteria for AN apart from weight  

BMI body mass index  

BPM beats per minute 

CDC Centers for Disease Control and Prevention  

CI confidence interval  

DSM-IV Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition  

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition  

ED eating disorder 

EDE Eating Disorder Examination  

IQR interquartile range  

LOS length of stay 

%mBMI percentage median body mass index  

OR odds ratio 

RCH Royal Children’s Hospital  

SD standard deviation  

 

Abstract  

Purpose: Adolescents with atypical anorexia nervosa (AAN) can experience severe physical 

complications despite not being underweight, posing questions about the contribution of 

weight loss to complications experienced in restrictive eating disorders (EDs). This study 

compared total weight loss and recent weight loss with admission weight as predictors of 

physical and psychological complications.   
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Methods: A retrospective (2005-10) and prospective (2011-13) study were undertaken of 12-

19-year-old hospitalised adolescents with anorexia nervosa (AN) or AAN, defined as meeting 

criteria for AN except underweight (≥85% median body mass index). Predictors were total 

weight loss (from lifetime maximum), recent weight loss (past three months), and admission 

weight. Outcomes were hypophosphatemia, clinical, anthropometric and psychometric 

markers during admission.  

Results: In 171 participants (AN, 118 [69%]; AAN, 53 [31%]), there was little evidence of 

an association between weight measures and hypophosphatemia. Greater total weight loss 

(regression coefficient [Coeff]: -1.70, 95% confidence interval [CI]: -2.77, -0.63, p=0.002) 

and greater recent weight loss (Coeff: -3.37, 95% CI: -5.77, -0.97, p=0.006) but not 

admission weight, were associated with lower pulse rate nadir. Greater total weight loss (odds 

ratio [OR]: 1.70, 95% CI: 1.19, 2.24, p=0.003) and greater recent weight loss (OR: 2.12, 95% 

CI: 1.11, 4.02, p=0.02) were also associated with higher incidence of bradycardia.  

Conclusions: In adolescents with restrictive EDs, total weight loss and recent weight loss 

were better predictors than admission weight of many physical complications. This suggests 

that future diagnostic criteria for AN place greater emphasis on weight loss.  

INTRODUCTION 

Underweight is highly visible and has long been considered the hallmark of anorexia nervosa 

(AN), a restrictive eating disorder (ED) with life-threatening physical complications 

including hypophosphatemia, bradycardia, hypotension and hypothermia. In the last decade, 

clinicians have observed increasing numbers of adolescents presenting to hospital with all the 

psychological features of AN, who have lost similar amounts of weight and require 

hospitalization for the same physiological complications as adolescents with AN [1,2,3]. 

However, despite even extreme weight loss, these adolescents appear healthy as they are 

within or above the healthy weight range. These patients are differentiated from AN as they 

fail to meet the underweight criterion of AN (e.g. weight ≤85% median body mass index 

[%mBMI]). Instead they are diagnosed with atypical anorexia nervosa (AAN) [4,5] which is 

commonly perceived as less severe than AN [6].  

In adolescents with AN and AAN, the relative contribution of current weight compared to the 

total amount of weight loss or recent weight loss on the emergence of physical and 

psychological complications is unknown. The presence of the same physiological 
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complications in AAN as AN suggests that total weight loss (an indication of chronic 

adaptation to starvation) and recent weight loss (an indication of acute adaptation to 

starvation) are responsible for these physiological complications as, by definition, adolescents 

with AAN are not underweight. 

Improved understanding of the contribution of weight loss and underweight to the 

physiological complications of AN and AAN could have major implications for the diagnosis 

and physical assessment of adolescents with EDs. The aim of this study was to compare total 

weight loss and recent weight loss with admission weight as predictors of clinical 

complications during hospital admission in adolescents with restrictive EDs. 

METHODS  

Setting 

The Royal Children’s Hospital (RCH) is a tertiary pediatric hospital in Melbourne, Australia 

with a specialist multidisciplinary ED program that spans inpatient and ambulatory settings. 

Study design and sample 

Data were obtained from a retrospective study (January 2005-December 2010) and a 

prospective study (January 2011-December 2013) of first admissions of 12-19-year-old 

adolescents with restrictive EDs. This time period was selected due to the largely consistent 

inpatient ED protocol over this time.  

Diagnoses of AN or AAN were made by the psychiatrist at first hospital admission using the 

Diagnostic Statistical Manual of Mental Disorders, Fourth Edition (DSM IV) [4] algorithm 

that was in use throughout the study. AAN was defined as cases that met all criteria for AN 

apart from underweight (≥85 %mBMI). Exclusion criteria were a primary diagnosis of 

bulimia nervosa (BN), any previous ED admission, age less than 12 years, menstruation in 

the previous three months, lack of AN cognitions and not admitted to the adolescent ward.  

Data for each participant were collected by chart review of medical records from day one up 

to a maximum of 28 days following admission or until discharge, if it occurred earlier. For 

admissions beyond 28 days, data from the last day of admission were also recorded, with the 

lowest temperature and systolic blood pressure recorded for the duration of the admission. 
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Ethical approval was obtained from the Ethics and Research Committee at the RCH and The 

University of Melbourne. Patient consent was waived as these studies were based on 

routinely collected data. 

Predictors of interest  

It was unknown if total weight loss or recent weight loss (reflecting acute weight loss) were 

more important predictors of physical and psychological complications which resulted in the 

assessment of both measures as predictors of interest in this study. BMI (body mass index) Z-

score was used as the measure of weight, calculated from weight (kg) divided by the patient’s 

height (meters) squared, and transformed to a Z-score based on age and sex [7].  

Total weight loss: This was defined as the change in BMI Z-score from the maximum ever 

BMI Z-score to the lowest BMI Z-score in week one of the admission [7].  

Recent weight loss: This was defined as the change in BMI Z-score from that reported three-

months before admission to the lowest BMI Z-score in week one of the admission [7].  

Admission weight: This was defined as the lowest BMI Z-score in week one of the admission 

[7].  

The maximum lifetime weight and the weight three months prior to admission were routinely 

collected at admission, as reported to the nutritionist by the patient and family. The admission 

height informed the BMI Z-score for the three time periods (at admission, at the time of 

maximally reported weight, and 3 months before admission) [7].  

Outcome variables     

Indicators of recent clinical course included biochemistry measures, clinical observations, 

nutrition prescription, anthropometry, psychotropic prescription, psychometric measures and 

length of hospital stay. Bloods were taken daily during week one of the admission and then 

bi-weekly until discharge (unless more frequent measurement was clinically indicated). 

Prophylactic supplementation of phosphate, magnesium and potassium was not routine but 

was occasionally commenced at the discretion of the adolescent consultant following clinical 

assessment. Correction of electrolytes was routinely commenced if phosphate, magnesium or 

potassium decreased below the reference range. Outcome measures of interest included 

incidence of hypophosphatemia (HP) <3.38 mg/dL (1.10 mmol/L), hypomagnesemia 1.4 

mEq/L (<0.70 mmol/L), hypokalemia < 3.5 mEq/L (3.5 mmol/L) and the nadirs of 
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phosphate, magnesium and potassium. Reference ranges (RR) were based on those reported 

by the RCH Pathology Department. 

Vital signs were measured daily and the daily nadir was recorded for the duration of the 

admission. Pulse rates were measured by cardiac monitor (3-lead, Phillips MP-30) or pulse 

oximetry (Nellcor N-395) until clinically indicated to cease. The lowest lying blood pressure 

(mm/Hg) and lowest body temperature (Celsius) were recorded. Outcomes of interest were 

incidence of bradycardia (<50 beats per minute [bpm]), lying pulse rate nadir, low systolic 

blood pressure (<90 mm/Hg), lying systolic blood pressure nadir, low body temperature 

(<35.5°C) and body temperature nadir. 

Weight was measured twice weekly by nursing staff before breakfast, after voiding and in a 

hospital gown and recorded in 0.01 kg increments. Height was measured by nursing staff using 

a stadiometer with 1mm increments. The average weekly increase in weight from admission 

weight to discharge weight was defined in kg per week. 

Meal plans were prescribed by the nutritionist in consultation with the medical team. This 

commenced with a minimum of 1,900 kcal (8,000 kJ) on day one of the admission, scaling up 

to 2,200 kcal (9,300 kJ) on day three and 2,700 kcal (11,400 kJ) on day five. Further 

increments of 300 kcal (1,260 kJ) were made if weight gain was <500g at each bi-weekly 

weighing [14]. Patients who were assessed to be at significant risk of refeeding syndrome were 

commenced on rehydration therapy, continuous nasogastric feeds or a modified meal plan and 

supplementation of electrolytes. Nasogastric feeds were used to supplement oral intake if 

patients were unable to complete their meals. Outcomes of interest were the initial energy 

prescribed, the maximum energy prescribed, and whether the patient required nasogastric feeds. 

Psychotropic medications were prescribed by the psychiatrist as required. Outcomes of interest 

were whether or not patients were prescribed anxiolytics, antidepressants or antipsychotics.  

The Eating Disorder Examination (EDE) [8] was administered by trained research assistants to 

assess ED cognitions during the admission. The four EDE subscales (restraint, eating concerns, 

shape concerns, weight concerns) and the global score (mean of the four subscales) are 

reported. 

Length of stay (LOS) was defined as the number of days in hospital, calculated from the date 

of admission to date of discharge. Day one was defined to start on the following day for 

patients admitted after lunch.  
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Statistical analysis 

Initially summaries of baseline and outcome data were compared between participants in the 

retrospective and prospective studies to determine their comparability using means and 

standard deviations (SD) or medians and interquartile ranges (IQR) for continuous 

characteristics, and numbers and percentages for categorical characteristics. 

Separate linear and logistic regression models were then fitted for each predictor/outcome 

combination to assess the change in BMI Z-score from maximum weight (total weight loss) 

and weight 3 months prior to admission (recent weight loss) and admission BMI Z-score 

(current weight) as predictors of clinical course. The results are presented as regression 

coefficients (Coeff) for linear regression or odds ratios (ORs) for logistic regression, along with 

95% confidence intervals (CI), p-values and R2 values which represent the proportion of 

variability in the outcome explained by the predictor. All analyses were adjusted for potential 

confounders of age and sex, and the use of prophylactic phosphate, magnesium or potassium 

for analyses of these outcomes. Analyses were performed using Stata 13.0 [9].  

RESULTS  

Three-hundred and three adolescents were hospitalised for the first time with a restrictive ED 

over the nine-year study period. One-hundred and seventy-one fulfilled the study inclusion 

criteria. Reasons for exclusion (n=132) were primary diagnosis of bulimia nervosa (N=7), <12 

years old (N=13), previous admission for a restrictive ED (N=53), menstruation in the three 

months prior to first admission if post-menarchal (N=22), AN cognitions not detected (N=18) 

and not admitted to the adolescent ward (N=19).   

Prior to the analysis, a comparison was undertaken of the key characteristics of participants in 

the retrospective and prospective studies to determine their comparability. Participant 

characteristics in the two studies were generally similar (Table 1). The LOS was slightly shorter 

in the prospective study reflecting a change in clinical practice to discharge patients based on 

medical stabilization rather than weight targets. There was also a lower average pulse nadir in 

the prospective study reflecting a change in clinical practice to routinely admit patients for 

pulse rates <50 bpm. Given this similarity, data from the two studies were combined for 

analytic purposes. 
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Table 1. Summary of participants in the retrospective (2005–2010), prospective (2011-2013) and combined study (2005–2013)  

 Retrospective 

N=99 

Prospective 

N=72 

Combined study 

N=171 

Admission age (yr)  Mean (SD) 15.2 (1.3) 15.6 (1.6) 15.4 (1.4) 

Sex (female) N (%) 86 (87%) 57 (79%) 143 (84%) 

Pre-menarchal N (%) 18 (21%) (N=86) 9 (16%) (N=57) 27 (19%) (N=143) 

Premorbid anthropometry  N= 86 N=70 N=156 

Premorbid maximum lifetime weight Z-score Mean 
(SD) 

0.56 (0.99) 0.63 (1.27) 0.59 (1.12) 

Premorbid maximum lifetime BMI centile  

Mean (SD) 

64.6 (28.5) 68.3 (29.3) 66.3 (28.8) 

Premorbid maximum lifetime BMI z score Mean 
(SD) 

0.52 (1.00) 0.65 (1.17) 0.58 (1.08) 

Premorbid obesity N (%)   11 (13%) 15 (21%) 

 

26 (17%) 

Premorbid overweight N (%) 11 (13%) 14 (20%) 25 (16%) 

Anthropometry at admission    
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Admission weight Z-score Mean (SD) -1.61 (1.36) -2.11 (1.97) -1.60 (1.56) 

Admission BMI Z-score Mean (SD) -2.31 (1.60) -2.11 (1.97) -2.22 (1.76) 

Admission %mBMI Mean (SD) 79.4 (10.5) 82.0 (12.9) 80.5 (11.6) 

Weight loss from maximum    

Duration of weight loss from lifetime maximum to 
admission (month)  Median (IQR) 

8.9 (4.3, 13.0) (N=86) 8.8 (6.0, 18.3) (N=70) 8.9 (5.3, 14.3) 
(N=156) 

Weight loss from lifetime maximum to admission 
(kg/week) Median (IQR)  

0.46 (0.21, 0.73) 
(N=85) 

0.33 (0.19, 0.67) (N=70) 0.41 (0.20, 0.69) 
(N=155) 

Percentage of body weight lost Mean (SD) 24.1 (10.7) N= 95 25.5 (9.4) N=70 24.7 (10.2) N=165 

Clinical outcomes during the admission    

Length of stay (days)  (Median, IQR) 19 (15, 27) 16 (12, 21) 17 (13, 25) 

Prescribed 8,000 kJ on day 1 of admission  

N (%) 

91 (92%) 60 (83%) 

 

151 (88.0%) 

 

Required nasogastric feeding  N (%) 29 (29%) 26 (36%) 55 (32%) 

Weight gain during admission (kg/day) 

Mean (SD) 

0.17 (0.07) 0.20 (0.09) 0.18 (0.08) 

Prescribed prophylactic phosphate 3 (3%) (N=98) 5 (7%) (N=71) 8 (5%) (N=169) 
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Hypophosphatemia N (%) 40 (40%) 30 (42%) 70 (41%) 

Pulse rate nadir (bpm) Mean (SD) 47 (11) (N=96) 39 (8) (N=72) 43 (10) (N=168) 

BMI = body mass index, SD = standard deviation, IQR = interquartile range, kJ = kilojoules, kg = kilograms, bpm = beats per minute 
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One hundred and eighteen (69%) of the 171 adolescents were diagnosed with AN and 

53 (31%) were diagnosed with AAN. From 2005 to 2013, an increasing proportion of 

restrictive ED admissions were diagnosed with AAN relative to the total number 

admitted with AN and AAN (Figure 1). 

Figure 1 Scatter plot of the proportion of inpatients diagnosed with atypical anorexia 

nervosa relative to the number with atypical anorexia nervosa and anorexia nervosa, by 

year, along with the regression line of best fit. 

 

Predictors of clinical outcomes  

Seventy participants (41%) developed hypophosphatemia, 5 (3%) developed 

hypokalemia and 15 (9%) developed hypomagnesemia during admission. There was 

little evidence of an association between the weight loss measures or admission weight 

and these outcomes (Figure 2). There was, however, evidence that a lower phosphate 

nadir was associated with greater total weight loss (Coeff: -0.03, 95% CI:-0.05, -0.20, 

p<0.001, R2=11%) and lower admission weight (Coeff: 0.03, 95% CI: 0.02, 0.04, 

p<0.001, R2 =13%). There was little evidence of an association between any of the three 

weight measures and the nadirs of potassium and magnesium (Figure 3). 
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Figure 2 Admission weight, total weight loss and recent weight loss as predictors of 

biochemical and clinical outcomes. Weight variables are based on BMI Z-scores. 

Results are adjusted for age and sex, and prophylactic supplementation for the 

biochemistry outcomes. 
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Figure 3 Admission weight, total weight loss and recent weight loss as predictors of the 

nadirs of biochemistry outcomes. Weight variables are based on BMI Z-scores. Results 

are adjusted for age, sex and prophylactic supplementation. 

 

 

Note: Biochemistry measured in mmol/L 

One hundred and twenty-seven (74%) participants were bradycardic during the 

admission. Greater total weight loss and recent weight loss were associated with higher 

odds of bradycardia (OR: 1.70, 95% CI: 1.19, 2.24, p=0.003, R2 =8% and OR: 2.12, 

95% CI: 1.11, 4.02, p=0.02, R2=8%, respectively) (Figure 3). Greater total weight loss 

and recent weight loss were also associated with a lower pulse nadir (Coeff: -1. 70, 95% 

CI: -2.77, -0.63, p=0.002, R2 =17% and Coeff: -3.37, 95% CI: -5.77, -0.97, p=0.006, 

R2=19%, respectively). There was little evidence of a relationship between admission 

weight and either of these outcomes. 

One hundred (58%) participants were hypotensive during the admission. Greater total 

weight loss (OR: 2.05, 95% CI: 1.47, 2.86, p<0.001, R2=13%) and admission weight 

(OR: 0.57, CI: 0.44, 0.73, p<0.001, R2=13%) were associated with increased odds of 
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low blood pressure. Greater total weight loss (Coeff: -2.34, 95% CI: -3.11, -1.57, 

p<0.001, R2=23%) and admission weight (Coeff: 1.96, 95% CI: 1.36, 2.56, p<0.001, 

R2=24%) were also associated with a lower systolic blood pressure nadir. There was 

little evidence of an association between any of the three weight measures and low body 

temperature or temperature nadir (Figure 4). 

Figure 4. Admission weight, total weight loss and recent weight loss as predictors of 

the nadirs of pulse rate, systolic blood pressure and temperature.  Weight variables are 

based on BMI Z-scores. Results are adjusted for age and sex. 
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Note:  Pulse rate measured in beats per minute, systolic blood pressure in mm/Hg and 

temperature in 0.1 degrees. 

Greater total weight loss and recent weight loss were associated with a higher rate of 

weight gain (kg/week) during the hospital admission (Coeff: 0.09, 95% CI: -0.03, 1.56, 

p=0.003, R2 =6% and Coeff: 0.19, 95% CI: 0.05, 0.34, p=0.009, R2=10%), respectively. 

There was evidence of an association between greater total weight loss (OR: 0.69, 95% 

CI: 0.50, 0.95, p=0.002, R2=5%) and higher admission weight (OR: 1.29, 95% CI: 1.01, 

1.64, p=0.04, R2=4%) and higher odds of commencing the standard energy diet. An 

association was also found between greater total weight loss and higher energy 
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prescribed at the time of discharge (Coeff: 176.6, 95% CI: 14.34, 338.89, p=0.03, 

R2=12%). The requirement for nasogastric feeds was not associated with any weight 

measures.  

Sixty-one (36%) participants were prescribed medication during the admission. Thirty-

four (20% of total) were prescribed anxiolytics, 32 (19%) were prescribed 

antidepressants and 24 (14%) were prescribed antipsychotics. Little evidence was found 

for an association between any of the three weight measures and prescription of 

psychotropic medication.  

Sixty-one (36%) of participants had EDE scores available. There was evidence that 

greater recent weight loss was associated with higher global scores (Coeff: -0.79, 95% 

CI: -1.26, -0.31, p=0.002, R2=25%), as well as higher scores for weight concerns 

(Coeff: -0.88, 95% CI:-1.43, -0.34, p=0.02, R2=25%), shape concerns (Coeff: -0.91, 

95% CI: -1.53, -0.29, p=0.005, R2=21%), higher restraint (Coeff: -0.81, 95% CI: -1.43, -

0.19, p=0.01, R2=17%) and higher eating concerns (Coeff: -0.55, 95% CI: -1.07, -0.22, 

p=0.04, R2=12%) (Figure 5, which is available online).   

Greater total weight loss (Coeff: 4.94, 95% CI: 3.58, 6. 30, p<0.001, R2=26%) and 

lower admission weight (Coeff: -3.60, CI: -4.70, -2.50, p<0.001, R2=21%) were 

associated with a longer LOS.  There was also evidence of an association between 

greater recent weight loss and longer LOS (Coeff: 2.59, 95% CI: 0.41, 4.76, p=0.02, 

R2=10%).  

DISCUSSION  

Rather than the severity of underweight, these results show that total weight loss and 

recent weight loss were stronger predictors than admission weight for a number of 

important clinical complications in adolescents with restrictive EDs, with the strongest 

predictor overall being total weight loss. Importantly, greater total weight loss and 

recent weight loss were stronger predictors than admission weight of the incidence and 

severity of bradycardia, a major determinant of hospital admission in adolescents with 

restrictive EDs [10].  

Greater recent weight loss was the only weight variable that appeared to be predictive of 

worse ED cognitions according to the severity of EDE scores. Other outcomes, such as 

low systolic blood pressure, low phosphate and longer hospital admission were 
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associated with both greater total weight loss and lower admission weight. A striking 

finding was that no outcome was independently associated with low admission weight. 

The existence of AAN is a reminder to clinicians to carefully access all adolescents who 

have lost a significant amount of weight for the possible diagnosis of a restrictive eating 

disorder [11,12,13]. These results further emphasize the importance of assessing 

adolescents who have lost significant amounts of weight, whether total or recent, for the 

complications of EDs, regardless of their current weight. 

Earlier studies of AN demonstrated an association between severe malnutrition (<70% 

expected body weight) and cardiac complications [14]. Other studies have reported that 

adolescents who are most at risk of developing moderate refeeding hypophosphatemia 

are <70% of their expected body weight [15,16,17]. In the current study, while 27 

(16%) of participants were severely malnourished (<70 %mBMI), greater weight loss 

rather than underweight was associated with increased odds of cardiac complications. 

The lack of evidence for an association between hypophosphatemia, the hallmark of 

refeeding syndrome, and the weight measures suggests that these findings may be 

explained by recent nutritional intake.  

Peebles et al [1] were the first to describe a range of clinical complications in 

adolescents who were not sufficiently underweight to be diagnosed with AN despite 

weight loss of more than 25% of their body weight. More recent studies have started to 

explore the range of clinical and psychological complications that can occur from 

weight loss in adolescents with restrictive EDs who are not underweight [2,3,13,18]. 

While these studies provide evidence for complications of weight loss in the absence of 

underweight, they do not provide insight about the relative contribution of total weight 

loss and recent weight loss with weight status, which is what this study explored.  

The reason that total weight loss and recent weight loss appear to be more strongly 

related to complications than admission weight may reflect that many of the physical 

sequelae observed in restrictive EDs are adaptations to low energy intake, starvation and 

weight loss, rather than to the state of underweight itself. In response to low energy 

intake the hypothalamus lowers the basal metabolic rate via the hypothalamic-pituitary-

thyroid axis [19]; structural changes of the myocardium and cardiac autonomic 

regulation [20, 21,22],  together with compensatory vagal hyperactivity, also slow the 

heart which functions to prevent heart failure in starvation [20,22,23]. The 



160 

hypothalamic-pituitary-gonadal axis also responds with suppression of menses 

[12,24,25].   

A particularly striking finding over this nine-year study was the increase in the relative 

proportion of admissions of adolescents with restrictive EDs with AAN rather than AN. 

Since 2009, well over a third of adolescents admitted with a restrictive ED each year 

were diagnosed with AAN. While the cause of this is unclear, it has occurred in the 

context of prevalent overweight and obesity, and marked media focus on the obesity 

epidemic [26,27]. The media attention is likely to increase ED risks that arise from 

weight stigma, body image dissatisfaction and dieting [12,18,28-33]. Our findings about 

the importance of total and recent weight loss, reinforces the need for clinicians to 

appreciate the potential significance of weight loss at any weight. It is a potent reminder 

that weight loss is not always positive in those who are over their healthiest weight. 

Given that higher recovery rates have been shown to be associated with briefer duration 

of symptoms [34,35] and higher admission weight in those with AN [36], prompt 

diagnosis and treatment of AAN also seems important [11,31].  

In the context of an emerging ED, we still do not understand why weight loss itself 

appears to positively reinforce further weight loss and trigger ED cognitions in some 

adolescents (but not others), or what aspect of weight loss is most important. These 

findings suggest that an important feature is the amount of weight lost rather than the 

actual weight. Future research is needed to further explore these questions.   

Importantly, no participant in this study was being monitored by a health professional 

for weight loss, their relationship with food or their methods of weight loss. This study 

is a cogent reminder for clinicians to monitor weight loss in adolescents at any weight 

[2].  

Our analyses combined data from retrospective and prospective studies in a single 

centre with consistent clinical practices across the nine-years, including refeeding 

protocols. While there were some slight differences between participants in the two 

studies, the benefit of combining them is the additional statistical power achieved. One 

limitation is the reliance on patients and families to report maximum weight which is 

subject to inaccuracy and bias. However, as adolescents with restrictive ED have been 

found to accurately recall past weights [37,38,39], any effect is likely to be small, 

especially as the same clinician (MW) collected these data for all participants.  Pre-
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morbid height was predicted from the height Z-scores at admission which may not have 

been accurate. However, the effect of this is minimised by the relatively brief duration 

of symptoms (generally around nine months).  

To our knowledge this is the first study to compare total weight loss and recent weight 

loss with admission weight as predictors of physical complications during admission for 

AN and AAN. This is increasingly relevant given the rising contribution of AAN to 

presentations of adolescents with restrictive EDs. These results highlight that life-

threatening complications can be present at any weight, and that all adolescents with 

significant weight loss should have a comprehensive clinical assessment, including 

cardiovascular assessment. These results affirm that future review of diagnostic criteria 

for AN should place greater emphasis on a revised classification of malnutrition that 

includes total amount and recent weight loss [40], as well as weight, so that malnutrition 

and EDs are not missed in normal or overweight adolescents who are engaging in 

restrictive dietary behaviours.  
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Figure  5. Admission weight, total weight loss and recent weight loss as predictors of 

the Eating Disorder Examination. Weight variables are based on BMI Z-scores. Results 

are adjusted for age and sex. 
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Table 2 Summary of admission weight, total weight loss and recent weight loss as predictors of physical and psychological complications in anorexia 

nervosa and atypical anorexia nervosa. Weight variables are based on BMI Z-scores. Results are adjusted for age, sex and prophylactic supplementation 

for measures of electrolytes. 

 Admission weight*  Total weight loss  Recent weight loss 

Physical complications    

Hypophosphatemia**   

70 (41%) 

OR: 0.86, 95% CI: 0.71,1.03, p=0.11, 

p=0.11, R2=2% 

OR: 1.16, 95% CI: 0.92,1.50, p=0.22, 

R2=2% 

OR: 1.03, 95% CI: 0.63, 1.69, p=0.91, 

R2=4% 

Hypokalemia**   

5 (3%) 

OR: 0.66, 95% CI: 0.42, 1.05, p=0.08, 

R2=6% 

 

OR: 1.86, 95% CI: 0.98, 3.53, p=0.06, 

R2=8% 

OR: 0.95, 95%  CI: 0.28, 3.28, p=0.94, 

R2=0.04% 

Hypomagnesemia** 

15 (9%) 

OR: 1.16, 95% CI: 0.81, 1.65, p=0.41, 

R2=7% 

OR: 0.87, 95% CI: 0.56, 1.35, p=0.53, 

R2=7% 

OR: 0.74, 95% CI: 0.36, 1.64, p=0.46, 

R2=7% 

Bradycardia*** 

127 (74%) 

OR: 0.92, 95% CI: 0.75, 

1.14,p=0.47,R2=3% 

OR: 1.70, 95% CI: 1.19, 2.24, p=0.003, 

R2=8% 

OR: 2.12, 95% CI: 1.11, 4.02, p=0.02, 
R2=8% 

Temperature <35.5°C*** OR: 0.02, 95% CI: -0.02, 0.06, p=0.45, 

R2=4% 

OR: -0.03, 95% CI: -0.08, 0.21, p=0.25, 

R2=6% 

OR: -0.05, 95% CI: -0.15, 0.44, p=0.28, 

R2=13% 

Systolic BP <90 OR: 0.57, 95% CI: 0.44, 0.73, p<0.001, OR: 2.05, 95% CI: 1.47, 2.86, p<0.001, OR: 1.30, 95% CI: 0.80, 2.12, p=0.29, 
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mmHg***   100 (58%) R2=13% R2=13% R2=7% 

Phosphate nadir* Coeff: 0.03, 95% CI: 0.02, 0.04, 

p<0.001, R2=13% 

Coeff: -0.03, 95% CI: -0.05, -0.20, 

p<0.001, R2=11% 

Coeff: 0.01, 95% CI:-0.02,0.04, p=0.48, 

R2=8% 

Potassium nadir* Coeff: 0.05, 95% CI: 0.01, 0.08, 

p=0.006, R2=9%  

Coeff: -0.06, 95% CI: -0.11, -0.02, 

p=0.002, R2=11%  

Coeff: -0.08, 95% CI: -0.17, 0.01, p=0.08, 

R2=8% 

Magnesium nadir* Coeff: -0.002, 95% CI: -0.007, 0.003, 

p=0.42, R2=5% 

Coeff: 0.001, 95%CI: -0.005, 0.007, 

p=0.76, R2=3% 

Coeff: 0.01, 95% CI: 0.001, 0.026, p=0.04, 

R2=7% 

Pulse rate nadir*** Coeff: 0.44, 95% CI: -0.44,1.31,p=0.33, 

R2=11% 

Coeff:-1.70, 95% CI: -2.77, -0.63, 

p=0.002, R2=17% 

Coeff: -3.37, 95% CI: -5.77, -0.97, 

p=0.006, R2=19% 

Systolic BP nadir*** Coeff: 1.96, 95% CI: 1.36, 2.56, 

p<0.001, R2=24% 

Coeff: -2.34, 95% CI: -3.11, -1.57, 

p<0.001, R2=23% 

Coeff: -1.16, 95% CI: -2.76, 0.44, p=0.15, 

R2=15% 

Temperature nadir*** Coeff:0.02, 95% CI: -0.02,0.06,p=0.45, 

R2=4% 

Coeff:-0.03, 95% CI: -0.08, 0.21, p=0.25, 

R2=6% 

Coeff:-0.05, 95%CI: -0.15,0.44, p=0.28, 

R2=13% 

Eating Disorder 
Examination results  

N=61 (36%) 

   

Eating concerns Coeff: 0.16, 95% CI: -0.09, 0.40, p=0.21, 

R2=3% 

Coeff: -0.36, 95% CI: -0.74, 0.01, p=0.06, 

R2=7% 

Coeff: -0.55, 95% CI: -1.07, -0.22, p=0.04, 

R2=12% 
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Restraint Coeff: 0.13, 95% CI: -0.19, 0.45, p=0.41, 

R2=2% 

Coeff: -0.36, 95% CI: -0.85, 0.13, p=0.15, 

R2=4% 

Coeff: -0.81, 95% CI: -1.43, -0.19, p=0.01, 

R2=17% 

Shape concerns Coeff: 0.24, 95% CI: -0.06, 0.53, p=0.12, 

R2=6% 

Coeff:  -0.44, 95% CI: -0.90, 0.02, p=0.06, 

R2=8% 

Coeff: -0.91, 95% CI: -1.53, -0.29, 

p=0.005, R2=21% 

Weight concerns Coeff: 0.25, 95% CI: -0.02, 0.51, p=0.07, 

R2=8% 

Coeff: -0.38, 95% CI: -0.79. 0.04, p=0.07, 

R2=8% 

Coeff; -0.88, 95% CI:-1.43, -0.34, p=0.02, 

R2=25% 

Global score  Coeff: 0.19, 95% CI: -0.06, 0.44, p=0.14, 

R2=5% 

Coeff: -0.39, 95% CI: -0.77, 0.00, p=0.05, 

R2=8% 

Coeff: -0.79, 95% CI: -1.26, -0.31, 

p=0.002, R2=25% 

* Weight measured at time of admission, then before breakfast, wearing a hospital gown, after voiding, on day 1, then every Tuesday and Friday of the admission  

**Bloods drawn between 9.00-10.00 am daily in week 1 of admission, if bloods stable then every Monday and Thursday until discharge  

*** Vital signs pulse rate, blood pressure, temperature measured twice daily until discharge. Note if pulse rate <30 beats per minute, continuous cardiac monitoring  up 

until >40 beats per minute overnight. 
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6.2.1 The main findings of the publication 

In this paper the unknown contribution of weight and weight loss with complications in 

AN and AAN was explored. Importantly, weight loss (not weight) was associated with 

bradycardia, lower PR nadir and greater severity of ED cognitions as assessed by the 

EDE. Other complications were predicted by both weight loss and admission weight, 

including the nadirs of phosphate, potassium, systolic blood pressure and hypotension. 

The striking finding was that no outcome was independently associated with low 

admission weight. Over the nine-year study period, adolescents hospitalised for AAN 

increased from 8% in 2005 up to 47% in 2009 and since that time have continued to 

represent well over a third of admissions for restrictive eating disorders.  

6.3 Additional results not included in the manuscript 

Additional results that could not be included in the publication due to the word 

limitation are presented in this section. These include more detail about the 

characteristics of participants (Section 6.3.1) and other complications predicted by 

weight and weight loss (Section 6.3.2). These complications include BGLs (Section 

6.3.2.1), DXA results (BMD Z-scores and percentage body fat) (Section 6.3.2.2), and 

follow-up of complications and ED status at six months following the first admission 

(Section 6.3.3) and at 12 months following the first admission (Section 6.3.4). As 

previously discussed, the use of BMI Z-scores was selected as the best measure of 

weight and weight loss as this anthropometric measure accounts for changes in height 

due to linear growth and weight change measured against a standard for sex and age. 

This is followed by a brief comment about the additional analyses undertaken using the 

other anthropometric measures of weight and weight loss as predictors of complications 

in AN and AAN (Section 6.4). The chapter ends with a final concluding statement 

(Section 6.5).  

6.3.1 Additional characteristics of study participants 

The country of birth was recorded in 169 participants. One hundred and forty-one (83%) 

participants were born in Australia, four (2%) in the U.K, four (2%) in the U.S., and one 

(1%) in Vietnam. An additional 19 (11%) were not born in Australia but the country of 

birth was not specified. Ninety-eight (57%) participants lived within the designated 

Western Mental Health region and 73 (43%) lived in other mental health regions. One 

hundred and forty-five (85%) participants did not have a pre-existing medical condition 
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prior to diagnosis of a restrictive ED. Medical conditions that had been previously 

diagnosed in participants included Type 1 diabetes mellitus in 21 (12%), coeliac disease 

in two (1%), inflammatory bowel disease in one (less than 1%), and other non-specified 

illnesses in two (1%) participants. Twenty-three (88%) of the participants diagnosed 

with a pre-existing medical condition were managed for this condition at the RCH prior 

to the diagnosis of an ED.  

6.3.2 Additional outcomes not included in the manuscript 

6.3.2.1 Blood glucose levels 

Only 82 participants had BGLs measured during the hospital admission as these were 

not routinely measured during the admission until 2009. The lowest BGL in participants 

was measured following breakfast in 41 (50%), overnight (at 2am) in 20 (24%), 

following dinner in 15 (18%) and following lunch in 6 (7%). Forty-five (55%) 

participants experienced hypoglycaemia (defined as less than 4 mmol/L), with four 

participants experiencing hypoglycaemia less than 3 mmol/L. Thirty (67%) of the 

participants who experienced hypoglycaemia had it detected following breakfast.  

There was evidence that higher admission weight was associated with higher odds of 

developing hypoglycaemia (OR: 1.54, 95% CI: 1.12, 2.13, p=0.008, R2=0.12), and that 

greater extent of weight loss was associated with greater odds of hypoglycaemia (OR: 

0.61, 95% CI: 0.41, 0.92, p=0.02, R2=0.11). There was little evidence of a relationship 

between recent weight loss and hypoglycaemia.  

There was also evidence that higher admission weight (Coeff: -0.13, 95% CI: -0.23, -

0.03, p=0.01, R2=0.09) and greater extent of weight loss (Coeff: 0.16, 95% CI: 0.04, 

0.28, p=0.01, R2=0.09) were also associated with lower BGL nadir. There was little 

evidence of an association between recent weight loss and BGL nadir.   

6.3.2.2 Dual-energy x-ray absorptiometry (DXA) results 

6.3.2.2.1 Lumbar Z-scores 

Lumbar BMD was assessed in 123 participants and found to have a mean (SD) Z-score 

of -0.5 (1.11). There was evidence that lower admission weight (Coeff: 0.33, 95% CI: 

0.22, 0.43, p<0.001, R2=0.37) was associated with lower lumbar BMD Z-scores. 

Greater extent of weight loss (Coeff: -0.27, 95% CI: -0.39, -0.15, p<0.001, R2 =0.29) 



171 

and recent weight loss (Coeff: -0.32, 95% CI: -0.61, -0.32, p=0.03, R2 = 0.19) were also 

found to be associated with lower lumbar Z-scores.   

6.3.2.2.2 Hip Z-scores 

Hip BMD Z-scores were assessed in 122 participants and found to have a mean (SD) of 

-0.51 (1.16). Lower admission weight (Coeff: 0.32, 95% CI: 0.17, 0.38, p<0.001, R2 

=0.33) and greater extent of weight loss (Coeff: -0.32, 95% CI: -0.36, -0.10, p=0.001, 

R2 = 0.23) were associated lower hip BMD Z-scores. Recent weight loss was not found 

to be associated with lower hip BMD Z-scores.   

6.3.2.2.3 Percentage body fat 

Percentage body fat was not reported in all DXA assessments as these were primarily 

undertaken to assess BMD. In the 85 participants with reported body fat assessments, a 

mean (SD) of 15.2 (6.1) percentage of body fat was found. There was evidence that 

lower admission weight (Coeff: 1.68, 95% CI: 1.05, 2.30, p<0.001, R2=0.35), greater 

extent of weight loss (Coeff: -1.72, 95% CI:-2.54, -0.89, p<0.001, R2 =0.30) and recent 

weight loss (Coeff: -3.32, 95% CI:-5.12, -1.51, p=0.001, R2 =0.33) were all associated 

with lower percentage body fat.  

6.3.3 Six month follow-up 

6.3.3.1 Treatment status 

At six months following the date of the first admission for a restrictive ED at the RCH, 

132 out of initial 171 participants continued to be treated within the RCH ED program. 

Twenty-five of these participants were boys (19%) and 107 (81%) were girls. One 

participant had fully recovered, 33 required at least one readmission and 98 continued to 

be treated in the outpatient ED program. For those no longer in the RCH program, 33 

participants had transferred to another service, four had transitioned to an adult service 

and two were lost to follow-up.  

6.3.3.2 Anthropometry  

One hundred and thirty participants had anthropometric measures available at the six 

month follow-up. The mean (SD) %mBMI was 90.91(13.26). As anticipated, higher 

admission weight (Coeff: 3.43, 95% CI: 2.15, 4.70, p<0.001, R2=0.26) was the strongest 

predictor of %mBMI, with evidence that lower extent of weight loss (Coeff: -2.20, 95% 



172 

CI: -3.96, -0.44, p=0.015, R2=0.13) was associated with higher %mBMI. There was 

little evidence that recent weight loss was associated with %mBMI.   

6.3.3.3 Menstruation 

Ninety-nine girls had available data on menstruation at six months, of whom 34 (34%) 

reported the return of spontaneous menstruation on at least one occasion in the previous 

six months. Higher admission weight (OR: 1.37, 95% CI:1.01,1.85, p=0.04, R2 =0.06) 

and lower extent of weight loss (OR: 0.60, 95% CI:0.41, 0.89,  p=0.01, R2=0.09) were 

associated with higher odds of the resumption of spontaneous menstruation, with little 

evidence of an association with recent weight loss.   

6.3.3.4 Required readmission for the ED 

Of the 132 participants reviewed at the six month follow-up, 33 (25%) had required 

readmission to the RCH within the six month period. There was little evidence that 

admission weight or weight loss were associated with the odds of requiring readmission 

to hospital.   

6.3.4 Twelve month follow-up  

6.3.4.1 Treatment status 

At the 12 month follow-up, 102 of the original 171 participants continued to be treated 

within the RCH ED program. Sixteen (9%) of these participants were readmitted to the 

RCH during this time. Of those no longer in the RCH program, three (2%) participants 

had fully recovered and had been discharged, nine (5%) participants had transferred to 

another service, 10 (6%) had transitioned to an adult service and 47 (27%) were lost to 

follow-up. The numbers of formally discharged patients is low, however it is likely that 

a number of the participants not followed up at 12 months had recovered and chose not 

to attend the 12 month follow-up appointment.  

6.3.4.2 Anthropometry 

One hundred and one participants had anthropometric measures available at the 12 

month follow-up appointment. The mean (SD) %mBMI was 95.0 (12.1). There was 

evidence that higher body weight at admission was associated with higher %mBMI 

(Coeff: 4.00, 95% CI:2.63, 5.36, p<0.001, R2=0.29), with little evidence that the extent 

of weight loss (Coeff: -1.87, 95% CI:-3.79, 0.05, p=0.06, R2 =0.06) or recent weight 
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loss (Coeff: -1.31, 95% CI: -5.73, 3.09), p=0.55, R2 =0.04) was associated with 

%mBMI.   

6.3.4.3 Menstruation 

Seventy-six girls provided data on menstruation at 12 months of whom 44 (58%) 

participants reported the return of spontaneous menstruation on at least one occasion in 

the previous 12 months. Neither admission weight nor weight loss were found to be 

associated with menstruation at 12 months.   

6.3.4.4 Psychotropic medication 

One hundred and two participants had records of prescribed medication available at the 

12 month follow-up. Twenty-eight (27%) participants were prescribed antidepressants, 

10 (10%) were prescribed antipsychotics and two (2%) were prescribed anxiolytics. 

There was little evidence that weight and weight loss were associated with prescription 

of antipsychotics and anxiolytics. There was evidence that recent weight loss was 

associated with antidepressant prescription (OR: 0.27, 95% CI: 0.08, 0.95, p=0.04, 

R2=0.19) with little evidence of an association with weight or extent of weight loss.  

6.3.4.5 Required readmission for the ED 

Sixteen (9%) participants assessed at the 12 month review required readmission to the 

RCH between the six and 12 month follow-up. There was little evidence that admission 

weight or weight loss were associated with the odds of requiring readmission to 

hospital.  

6.3.4.6 DXA results  

At 12 month follow-up, BMD assessments were undertaken at the RCH in 51 

participants. Bone age was assessed in 21 (41%) of the 51 participants with 15 (71%) 

reported to be within the normal range for bone age and 6 (30%) with maturational 

delay.  

6.3.4.6.1 Lumbar BMD Z-scores 

Lumbar BMD was assessed in 51 participants and found to have a mean (SD) Z-score 

of -0.99 (1.01). Interpretation of lumbar Z-scores was reported by the endocrinologist in 

46 participants; 5 (11%) had BMD Z-scores above average, 10 (22%) were average, 12 
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(26%) were in the lowest quartile and 19 (41%) were in the lowest decile. There was 

little evidence that admission weight or extent and recent weight loss were associated 

with lumbar BMD Z-scores at 12 months.   

6.3.4.6.2 Hip BMD Z-scores 

Hip BMD was assessed in 51 participants and found to have a mean (SD) Z-score of -

0.84 (1.16). Interpretation of hip Z-scores was reported by the endocrinologist in 46 

participants; 4 (9%) were found to be above average, 12 (26%) were average, 11 (24%) 

were in the lowest quartile and 19 (41%) were in the lowest decile. There was little 

evidence that admission weight or extent and recent weight loss were associated with 

hip BMD Z-scores at 12 months.   

6.3.4.6.3 Percentage body fat 

Percentage body fat was assessed DXA in only 24 participants as body fat was not 

routinely assessed. A mean (SD) of 21.3% (6.6) of percentage body fat was found. 

There was little evidence of association with admission weight and the extent and recent 

weight loss with percentage of body fat at 12 months.   

6.3.4.7 Psychometric measures   

The EDE was assessed in only 34 (33%) participants as this assessment was not 

repeated in participants at 12 months until 2010. The EDE global score was found to 

have a mean (SD) of 1.09 (1.34). There was evidence that greater recent weight loss was 

associated with higher global scores at 12 months (Coeff: -1.00, 95%CI: -1.81, -0.19), 

p=0.02, R2=0.30), as well as higher scores for restraint (Coeff: -1.04, 95%CI: -1.97, -

0.12, p=o.03, R2=0.27) and higher concerns for body shape (Coeff: -1.26, 95% CI: -

2.18, -0.34, p=0.01, R2=0.35). There was little association with weight and total weight 

loss.   

6.4 Other anthropometric measures as predictors of complications 

The additional analyses of other measures of weight and weight loss as predictors of 

complications were undertaken to more fully explore the differing effects of weight and 

weight loss on clinical outcomes. The additional measures considered to assess 

admission weight were weight (kg), weight (kg) as a centile, weight (kg) as a Z-score, 

BMI (kg/m2), BMI as a centile, and %mBMI. The extent of weight loss was defined as 
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the difference in the maximum reported weight and the admission weight as a 

percentage of body weight lost and the mean of kilograms lost per week. Recent weight 

loss (over the three month period before admission) as the mean of kilograms lost per 

week. As discussed in Chapter 2, the BMI Z-score was considered the best 

anthropometric measure to assess weight and weight loss and was therefore used as the 

primary predictor of complications in this thesis. The additional results add to the 

strength of evidence that supports the association of weight loss, and not necessarily 

underweight, in complications of dietary restriction in AN and AAN. The results of the 

additional anthropometric measures of weight and weight loss are included as 

supplementary information (Appendices F1 to F51).  

6.5 Conclusion  

The results presented in this chapter suggest that weight itself does not predict all of the 

complications measured in adolescents diagnosed with AN and AAN. The increasing 

prevalence of higher weight adolescents diagnosed with AAN who have required 

hospitalisation for complications strengthens the evidence that complications of weight 

loss can occur at any weight. The following chapter discusses the key findings of the 

thesis, the strengths and limitations of this study, suggestions for future work and the 

study conclusions.   
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Chapter 7 Discussion 

First described in the 1800s, AN is a disease characterised by self-starvation followed 

by extreme malnutrition and underweight that predominantly afflicts adolescent girls. 

AN has been extensively described in the literature with specific focus on the clinical 

and psychological complications associated with the severity of underweight. Various 

iterations of treatment modalities for weight restoration and recovery in AN have also 

been researched with varying outcomes reported. Of relevance to this thesis is the recent 

identification and observation of the severity of complications in adolescents diagnosed 

with AAN. In acknowledgement of the clinical significance of this ED,  the decision 

was made to create a separate diagnostic criteria for AAN within the DSM-5 (42). The 

features of AAN challenge the current utility of underweight as a key diagnostic 

criterion and indicator of disease severity in ‘non-underweight’ restrictive EDs in 

adolescents.  

This thesis has focussed on adolescents diagnosed with AAN, a previously understudied 

restrictive ED. Adolescents with AAN who presented to a tertiary ED program have 

been described with a focus on the prevalence, clinical trajectory and outcomes, which 

are compared to those with AN. Subsequently, and at the heart of this body of work, I 

explored the contribution of underweight versus the extent and recency of weight loss as 

predictors of complications in adolescents with AN and AAN. The key findings of the 

thesis are outlined below:  

7.1 Key findings 

In the first chapter of results (Chapter 4), a case study of a 16 year old girl with a 

delayed diagnosis of AAN was described. This case, published in 2012, challenges the 

current perception that malnutrition and diagnosis of a significant restrictive ED require 

the patient to be underweight. Despite episodes of dizziness, and a clinical examination 

that revealed bradycardia and amenorrhoea, the diagnosis of a restrictive ED was 

initially overlooked. While she had lost 16.6 kg over six months, her weight was within 

the normal range and therefore did not flag concern for a possible ED. This case study is 

a reminder for clinicians assessing weight and undertaking a physical examination that 

weight history, nutritional intake and dieting history should all be considered in the 

context of a possible ED, notwithstanding a patient’s weight being within the healthy 
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weight range. This case study of an ED diagnosis that was initially missed because of 

the absence of underweight sets the scene for the subsequent research.  

In the second chapter of results (Chapter 5), the six year retrospective cohort study 

explored the prevalence of AAN and compared the acute complications in AN and 

AAN in hospitalised adolescents. My clinical observation of the increasing prevalence 

of AAN, the initial impetus for this thesis, was confirmed with adolescents with AAN 

forming a growing proportion of admissions with restrictive EDs. The proportion of 

cases of AAN was found to have increased markedly, with a five-fold increase from 8% 

in 2005 to a peak of 47% by 2009 in hospital admissions. Clearly, adolescents 

diagnosed with AAN have become a significant proportion of hospital admissions of 

patients with restrictive EDs at the RCH. The growing proportion of admissions being 

due to adolescents with restrictive EDs may be attributed to increasing awareness of 

AAN (by families and by health professionals) as well as increased utilisation of 

medical instability as the key admission criterion used over the study period. However, 

this period coincided with increasing concern about the rising prevalence of adolescent 

overweight and obesity in Australia and globally. This concern was associated with a 

proliferation of public health messages and media campaigns about the health risks and 

complications of obesity (438). Adolescence is well recognised as an age for heightened 

awareness of body image and of threats to identity (423), with increased susceptibility 

to information about weight and dieting (420, 439, 440), a desire for healthy eating 

(263) and exposure to social media (441-446). Healthy eating and obesity messages 

may have contributed to the increased vulnerability to adopting extreme dieting and 

weight loss strategies in some adolescents. It is not surprising that in comparison to 

current Australian data for overweight and obesity in adolescents, higher rates of 

premorbid overweight and obesity were found in the study participants. Thirty-three 

percent of participants were previously overweight or obese; 16% were classified as 

overweight and 17% as obese. This is consistent with previous descriptions in the 

literature of the increased risk of an ED from dieting and the development of EDs in 

adolescents who were previously classified as overweight or obese (439).  

In the second section of Chapter 5, a comparison was made of the differences and 

similarities between the cases with AN (N=73) and AAN (N=26). AN is considered to 

be the most serious of all EDs with the highest death rate of any psychiatric illness. It 

was important to determine if the diagnosis of AAN had the same severity of 



179 

complications as AN. With up to 47% of ED patients diagnosed with AAN and 

hospitalised for physical complications of weight loss at the RCH, I had hypothesised 

that there would be little difference in the acute complications of starvation, despite the 

variation in weight between the two diagnostic groups. Indeed, as hypothesised, there 

were no differences detected in acute complications, including the severity of sinus 

bradycardia and PR nadir, the critical cardiovascular complications that are acute 

adaptations to starvation. Similarly, no differences were detected in body temperature 

nadir, the incidence of hypophosphataemia (the hallmark for refeeding syndrome), 

hypomagnesaemia or hypokalaemia and the nadirs for phosphate, magnesium and 

potassium. In accordance with the DSM-IV, all study participants were amenorrheic 

(primary or secondary) when admitted.  

The similarity of complications in AN and AAN suggests that these complications were 

not associated with the degree of underweight, but instead were the result of starvation 

and weight loss. These findings challenge the many descriptions in the literature of the 

association of complications of AN with the degree of underweight. For example, 

publications have described the association of underweight with severe sinus 

bradycardia (151, 161, 166, 167), hypotension (151) and  hypothermia (185, 187, 189) 

and the incidence of hypophosphataemia following the reintroduction of nutrition (225, 

234, 236) and greater susceptibility to developing hypoglycaemia (255). Instead, my 

research suggests that these complications can occur just as readily from weight loss, 

which has been far less commonly considered. 

Chronic complications in AN, such as amenorrhoea, have also been associated with 

underweight (42, 182, 256, 266-268). Comparative studies of participants with AN and 

healthy controls describe lower rates of bone accrual and increased fracture risk in those 

with AN (303, 305, 306). The effect of underweight and weight loss in adolescents with 

AAN on the development of neurological changes or the development of psychiatric 

comorbidities has been unknown. The final results chapter (Chapter 6) extends these 

findings and explores the contribution of underweight compared to weight loss (extent 

and recent) as predictors of the complications in AN and AAN, including bone health. 

Weight loss itself (extent and recent), not underweight, was found to predict sinus 

bradycardia and lower PR nadir. This is a critical finding as these potentially life-

threatening complications are used by contemporary ED services to indicate the need 
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for hospitalisation. Recent weight loss similarly predicted greater severity of ED 

cognitions, suggesting that ED cognitions were more florid prior to hospitalisation. 

Importantly, underweight itself was not associated with any of the measures of ED 

cognitions.  

Several acute physical complications were predicted by both lower weight and weight 

loss, including hypotension and lower systolic BP nadir. The incidence of 

hypoglycaemia and lower BGL nadirs were associated with higher weight and greater 

total weight loss. Importantly not one of these outcomes was independently associated 

with weight itself.  

An unexpected outcome was that lower lumbar BMD Z-scores and lower hip BMD Z-

scores were predicted by both lower weight and by weight loss. This is in contrast to the 

literature that to date has only described lower BMD Z-scores associated with 

underweight.  

At six month follow-up, as anticipated, higher weight at admission was the strongest 

predictor for higher weight and also for resumption of spontaneous menstruation. No 

measures of weight or weight loss were associated with readmission to hospital 

suggesting that other factors predicted the ongoing severity of illness.  

At 12 month follow-up, greater severity of EDE scores was associated with weight loss 

during the three months prior to the first hospital admission. These included EDE 

restraint, shape concern and global scores. These results were similar to the association 

of EDE scores at the time of admission. Recent weight loss was the only measure 

associated with prescription of antidepressants, with little evidence for any weight 

measures as predictors of outcomes at this time.  

7.2 Strengths and limitations 

The strengths and limitations of the study are discussed within the two publications in 

Chapters 5 and 6. The overall strengths are that the study was undertaken at one site, a 

tertiary paediatric hospital with a specialist ED program. At this site, there was high 

retention of clinicians who worked in the RCH ED program throughout the study 

period, and while there were some variations, the clinical practices over the study period 

were consistent, especially around decisions to admit and discharge patients, and around 

dietetic practices during admission. In addition, the same dietitian supervised clinical 
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care across the nine-year study period, a further strength was that the research data were 

also collected by that clinician as part of this thesis which promoted data accuracy.  

The use of BMI Z-scores to assess admission weight as well as the extent of weight loss 

and recent weight loss enabled weight change to be detected across sex and age as well 

as accounting for the changes in linear height that occur across early to mid-

adolescence. Additional anthropometric measures of weight and weight loss were also 

considered. Although not included in the main analyses within the study, these 

additional data are included in the Appendices. The analyses of these data provide 

further evidence to support the major findings of the thesis.   

The limitations of this research are that data were collected retrospectively for the initial 

six years of the study period which may have reduced the reliability of the data. The 

participant reports of premorbid weight relied on patient recall of weight and recall of 

the approximate date of their highest weight. In support of this approach is that previous 

studies have found that adolescents diagnosed with EDs recall past weights more 

accurately than adolescents with weight above their healthy weight (121-123). Over the 

study period the utilisation of medical instability as the admission criterion increased, 

which may have increased the identification of adolescents with AAN. Notwithstanding 

that the participants were tracked over the 12 months from first hospitalisation, there 

were some missing data, especially in relation to the EDE which was only available in a 

limited proportion of cases. As the researcher was reliant on other clinicians within the 

clinical service for collection of that data, it was not possible to increase the number of 

participants who completed these measures. Finally, as the study was undertaken in a 

tertiary hospital with a specialist ED program, there may have been an element of 

selection bias with greater severity of disease compared to a non-specialist service or 

community setting. It is not known to what extent these results are representative of 

other services in Victoria, Australia, or indeed more widely.  

7.3 Implications of this work  

As a recently identified ED, AAN was previously considered within the diagnostic 

classification of EDNOS (41), the heterogeneous classification for EDs that fail to meet 

the diagnostic criteria for a full syndrome ED. The DSM-5 was published in 2013 and, 

for the first time, recognised AAN as a distinct classification of a restrictive ED that 

meets all diagnostic criteria for AN apart from underweight (42). Until 2013, as many 
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other types of ED were included within the EDNOS diagnostic category, data about 

AAN were therefore limited, with little information about the prevalence, disease 

trajectory or response to treatment. For the first time, this thesis describes the increasing 

prevalence of AAN in a cohort of hospitalised adolescents diagnosed with AN and 

AAN and raises awareness of the significance of this ED with important implications 

for clinical practice.  

This work highlights the clinical severity of AAN, which was assessed in this thesis to 

have the same spectrum of complications found in AN. The similarity of severity of 

complications in AN and AAN raises questions about the rationale for considering these 

EDs as two separate diseases. AN has long been considered the most life-threatening 

ED and is the psychiatric illness with the highest mortality rate. The diagnosis of AAN 

potentially infers a lower severity of complications, particularly in the context of the 

absence of extreme emaciation that is the cardinal feature of AN and that frequently 

drives access to health care.  

In 1859, when the French physician, Louis-Victor Marce first described AN, dietary 

intake would have been vastly different to the variety and availability of foods today. 

Obesity was also not the major health concern that it is today. Weight loss from dietary 

restriction in the 1900s would likely have resulted in significant underweight, with 

weight being an appropriate feature of AN at that time. Arguably, the current AN 

diagnostic criterion of ‘significant underweight’ (42) has not kept pace with trends in 

population weight, as even major weight loss in higher weight adolescents does not 

necessarily lead to a state of underweight. The outcomes in this thesis highlight that 

weight loss is a better predictor of ED complications in comparison to weight. This 

suggests that in contemporary populations, weight loss is a more accurate marker of the 

risk of restrictive ED, rather than the degree of underweight. Clearly, this is with the 

important caveat that neither underweight nor weight loss is the sole diagnostic criteria 

for AN.  

Despite even major weight loss, in the absence of low weight, there is risk that a 

significant ED can be overlooked, as described in the case study (Chapter 4). A UK 

study of 208 children and adolescents [median (IQR) age of 11.8 years (1.74)] with 

early onset EDs assessed medical instability and %mBMI in 60 participants. While 

medical instability was found in 12 (19%) of those with a %mBMI greater than 90 and 
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in 3 (5%) of those %mBMI greater than 100, over 40% of participants with medical 

instability had BMI Z-scores that were above -2.0, the WHO cut-off for thinness (104). 

This study highlights the important aspects of the medical role in the identification and 

management of EDs, with implications for medical teaching and training (118, 421, 

422, 447, 448).  

These findings make an important contribution to the literature in providing greater 

understanding about AAN. The results affirm the importance that future review of the 

diagnostic classification for AN place greater emphasis on the extent of and the amount 

of recent weight loss. Such a revised classification of malnutrition would help ensure 

that EDs and malnutrition are not overlooked in higher weight adolescents with dietary 

restriction and weight loss.  

Although this thesis is primarily about restrictive EDs, there are important implications 

for weight management in adolescents who are assessed to be overweight or obese. The 

literature clearly describes the association of dietary restriction and dieting as risk 

factors for the development of a restrictive ED (263, 421, 439). Since the 1980s, both 

the prevalence and concern about overweight and obesity in children and adolescents 

have been increasing (391). The rise in prevalence is not surprising given the changes in 

nutritional intake and decrease in physical activity over this time. This includes changes 

in the availability of relatively cheap, processed food with high fat and sugar content, 

the introduction of television in the 1970s, and the more recent extent to which 

computers and other mobile screen devices have contributed to increased sedentary 

time. These changes in access to food and sedentary activity have contributed to the 

increase in overweight and obesity rates across the world, and an associated increased 

interest by adolescents in dieting for weight loss. In this thesis, no participant was 

regularly monitored for their weight loss, despite in some cases being advised initially 

by a health professional to lose weight. This is an important finding, suggesting that 

regular monitoring of weight loss and the use of professionally supervised strategies for 

gradual weight loss may reduce the risk for the development of an ED (449-451).  

7.4 Future directions 

This PhD provides the beginnings of understanding the clinical trajectory and 

complications of AAN. Additional studies are needed to provide a more comprehensive 

understanding of this disorder, which include studies to assess the prevalence of AAN 
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in other inpatient settings in Australia and internationally, as well as in outpatient and 

community settings.  

According to the DSM-5 the diagnosis of AN requires ‘significant underweight’ (42). 

One of the current challenges for clinical application and the comparison of studies is 

the lack of consistency in defining ‘significant underweight’ (452). There is an 

immediate need to seek consensus in defining underweight as this is the important 

diagnostic criterion that delineates the diagnosis of AN or AAN (453). Recent 

publications provide evidence that a range of definitions are used to define underweight. 

For example, some studies have continued to use the DSM-IV definition of less than 

85% of expected weight. In an RCT undertaken at the RCH, the definition for 

underweight varied according to height. In that study underweight was defined as less 

than or equal to 90% mBMI if the height percentile was less than or equal to the 75th 

percentile and in participants with height above the 75th percentile, underweight was 

defined as less than 95% mBMI (139). Another study of 14 Adolescent Medicine ED 

programs in the U.S. highlighted even more basic concerns. In that study, diagnostic 

overlap was found, as 14% of those diagnosed with AN were more than or equal to 90% 

mBMI and 27% of those diagnosed with AAN were less than or equal to 90% mBMI 

(454). While variation allows for flexibility in clinical settings (455), the lack of 

consistency in defining underweight is problematic for research purposes in relationship 

to interpretation of results and comparison of study outcomes.  

The weight variation between the two diagnoses poses additional challenges in guiding 

treatment. In ‘underweight’ AN, the goal of treatment is the amelioration of clinical and 

psychological symptoms with weight restoration aiming to achieve weight within the 

healthy weight range. That weight is frequently defined for research purposes as being ≥ 

95% mBMI (137-139). In AAN, the goal of treatment is similar but the weight 

restoration plan is less clearly defined.  

Further research is needed to inform optimal refeeding practices in adolescents 

diagnosed with AAN in the inpatient setting. Many studies provide evidence that 

adolescents diagnosed with AN require weight gain to achieve cardiovascular stability 

(366). It is currently unknown if adolescents with AAN can achieve timely stabilisation 

of cardiovascular parameters with regular nutritional intake and prevention of further 

loss of weight, without needing to gain weight.  
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Large trials are needed to explore optimal outpatient treatment and assessment of 

recovery in AAN. To date, FBT has the strongest evidence for outpatient treatment of 

AN and is currently used to treat AAN, with various modifications. For example in our 

own unit, we are exploring the modification of FBT for AAN by adding two sessions 

with a dietitian within the six month treatment program. One difficulty in applying FBT 

to cases of AAN is around identifying the treatment goal for weight restoration. In the 

absence of underweight in AAN, FBT needs to be adapted, as less is known about the 

extent of weight gain that is required for medical stabilisation and recovery. The 

question of how weight goals are incorporated into FBT, if at all, is an area warranting 

further research. 

The efficacy and safety of atypical antipsychotic prescription in AN has been described 

in case studies that report some benefit (456, 457) and in a small RCT in AN, that found 

physical and psychological wellbeing improved (458). Complications have also been 

described from atypical antipsychotics in AN that can include excessive weight gain 

(459), metabolic (460) and cardiac complications (461). The benefits and complications 

from prescription of atypical antipsychotics are unknown in higher weight adolescents 

diagnosed with AAN which is also an area warranting research (452).  

The EDE has been validated and used extensively as a measure of ED cognitions in 

underweight AN. More recently research studies have used the EDE in AAN to assess 

ED cognitions at the initial assessment and also to assess cognitions as a measure of 

remission (118). However, the EDE is yet to be validated in higher weight adolescents 

with one set of questions around body dysmorphia being particularly problematic in 

AAN. These patients largely still see themselves as overweight or obese. In some 

adolescents with AAN, especially those who present in the overweight or even obese 

weight range, these self-assessments are correct (452). Future studies are needed to 

assess the validity of this tool to measure ED cognitions in higher weight adolescents.  

With a lack of clarity in assessing recovery in AAN, future consideration of a measure 

to assess recovery is needed. For example, perhaps the development of a tool to measure 

behavioural changes such as the return of ‘normal’ eating may be a more appropriate 

outcome measure, rather than the focus and assessment of weight. 

In this thesis, limited data were available in the follow-up of the DXA outcomes of 

BMD. Larger studies are needed to assess the requirement for DXA assessments in 
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adolescents diagnosed with AAN. In Australia, government reimbursements provide 

some impetus for annual BMD assessment in patients with AN, including AAN. Were 

future research to suggest less need for DXA assessments of BMD in adolescents with 

AAN, a costly investigation could be omitted. 

This study also has implications for concerns about weight management in adolescents 

assessed as overweight or obese. These concerns relate to the risk of the development of 

an ED if weight loss is not adequately medically supervised. Weight management 

restricts dietary intake of some foods, and almost by definition brings a focus on weight; 

both factors are associated with ED development (44). Adding to these concerns are the 

unique characteristics of adolescents who have heightened concern about body image 

(462, 463), greater susceptibility to adopting fad and restrictive diets (424) and greater 

risk for developing mental health disorders including EDs that most commonly develop 

during adolescence (20). Notwithstanding the relatively small sample size, a reassuring 

finding in this thesis was that no participant was being actively followed up by a health 

professional for weight loss, despite some cases having been advised by a health 

professional to lose weight. This study highlights the need for ongoing vigilance in 

monitoring weight loss, as well as the strategies used to lose weight, review of 

cardiovascular status, dietary intake and the adolescent’s relationship with food (44). 

Larger studies are needed to determine the safety of weight loss with ongoing support of 

a health professional and to clarify the significance of the rate of weight loss for the 

development of EDs.  

Possibly the most significant question arising from this thesis is the validity of assessing 

malnutrition by the degree of underweight rather than weight loss. As discussed 

previously, a limitation in applying the underweight criterion for diagnosis of AN is that 

this is now out of step with the prevalence of overweight in contemporary adolescents. 

In this thesis I found that weight loss was a better predictor of complications in AN and 

AAN compared to weight, and importantly, that the degree of underweight did not 

independently predict any of the complications in AN and AAN. This suggests the 

possible benefit of combining the diagnoses of AN and AAN. This could potentially 

lead to an earlier diagnosis in those who are losing weight but who are not yet 

underweight (ie cases of AAN) and acknowledge the severity of complications 

regardless of weight.  
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Further research is required before one could consider recommending that the diagnoses 

of AN and AAN could be combined as the same restrictive ED. Indeed, for such a 

profound shift in the diagnosis of AN, large clinical trials comparing baseline 

comorbidities, response to treatment and long term outcomes would be required. 

However the similarities identified within this body of work suggest the importance of 

considering the importance of future research to explore these questions.  

7.5 Conclusion  

In this thesis I have examined the extent and recency of weight loss compared to weight 

as predictors of clinical complications in hospitalised adolescents diagnosed with AN 

and AAN. Weight loss, rather than weight itself, was found to be a stronger predictor of 

some of the important complications that result in hospitalisation. AAN has emerged as 

a significant restrictive ED in this study, a five-fold increase was found in hospital 

admissions of adolescents diagnosed with AAN over the nine year study period at a 

tertiary hospital in Melbourne, Australia.  

The findings of this thesis make an important contribution to the literature in raising 

awareness of the complications of starvation and malnutrition in EDs that can occur at 

any weight. It is hoped that, beyond some immediate implications for clinical 

assessment, these findings suggest the need to further investigate optimal approaches to 

treatment and inform future research directions.  
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Appendix A 

Nutritional Analyses of Meal Plans (432) 
 
 Recommendation per 

day for 14 year old girl, 
Weight 35 kg, light 

activity  

Meal Plan 1 Meal Plan 2  Meal Plan 3  

Energy (kJ) 6,800  8,000  9,200  11,400  
Protein (g) 27 g  102  110  90  
Total fat (g)  65  73  107  
Saturated fat (g  31  34  49  
Monounsaturated fat (g)   10  22  32  
Polyunsaturated fat (g)   19  12  18  
Carbohydrate (g)  227  274  360  
Sugars (g)  131  187  240 
Starch (g)  96  86  120 
Dietary fibre  (adequate intake) (g) 22  14  17  25  
Potassium (mg) 1950  3390  4800  4200  
Magnesium (mg) 360  280  350  360  
Calcium (mg) 1300  1540 1800  1800  
Phosphorus (mg) 1250  1870  2100  2100  
Iron (mg) 15  7  10   11  
Zinc (mg) 7  10  13  11  
Thiamin (Vitamin B1) (mg) 1.10  3  5  4 
Riboflavin (Vitamin B2) (mg)  1.10  4  7  6  
Niacin equivalents (Vitamin B3)(mg) 14  50  58  51  
Vitamin C (mg) 40  171 250  60  
Total Folate (Vitamin B9) (µg) 400  500 490  530  
Total Vitamin A Equivalents (µg) 700  800 815  1000  
kJ from Protein (%) 15%  to 25%  21% 20% 13 % 
kJ from Fat (%) 20% to 35%  30% 30% 34 % 
kJ from Carbohydrate (%) 45% to 65% 45% 50% 50 % 
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Appendix B 

FORTISP® Nutritional Profile (Nutricia Advanced Medical Nutrition, July 2011) 
 

Nutrition Information  Per 100ml  
Energy (kJ) 630 
(kcal) 150 
Protein (g) 6 (16% of total energy) 
Casein (g) 6  
Nitrogen (g) 0.9  
Carbohydrate (g) 18.4 (49% of total energy) 
Sugars (g) 6.7  
as Lactose (g) <0.025 
Fat (g) 5.8 (35% of total energy) 
Saturated fat (g) 0.6  
Monunsaturated fat (g) 3.5 
Polyunsaturated fat (g) 1.8 
ω6: ω3 ratio 4:8:1 
Fibre (g) 0  
Water (g) 78  
Minerals  
Sodium (mg) 90 
(mmol) 3.9 
Potassium (mg) 159 
(mmol) 4 
Calcium (mg) 91 
Phosphorus (mg) 78 
Magnesium (mg) 23 
Chloride (mg) 87 
Ca:P ratio 1:2:1 
Vitamins  
Vitamin A (µg-RE) 123  
Vitamin D (µg) 1.1 
Vitamin E (mg-a-TE)                    1.9 
Vitamin K (µg) 8 
Vitamin C (mg) 15 
Thiamin (mg) 0.23 
Riboflavin (mg) 0.24 
Niacin (mg NE) 2.7 
Vitamin B6 (mg) 0.26 
Vitamin B12 (µg) 0.32 
Folic Acid (µg) 40 
Trace Elements  
Iron (mg) 2.4 
Zinc (mg) 1.8 
Copper (µg) 270 
Iodine (µg) 20 
Selenium (µg) 8.6 
Other  
Osmolality  (mOsmol/kg H2O) 590  
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Appendix D 

Media interest arising from PhD thesis   

Print: 

2013 

21st October – Wall Street Journal, ‘Eating –Disorder Dilemma: When Overweight Turns 

Dangerously Thin’, Shirley S. Wang, U.S.  
 

2014 

26th August – Herald Sun newspaper ‘Teens weight watch’, Brigid O’Connell, Victoria, 

Australia. 

27th August - Science World Report, ‘Hidden Eating Diosrders: Normal-Weight Teens May 

Also Be Dealing with Dangerous Behaviors’, Kathleen Lees, U.S.  

28th August – Le Figaro (leading national newspaper, France), ‘L’anorexie possible a poids 

normal’, Dr Damien Mascret (medical journalist), France.  

25th September –Scientific American, ‘Expanded Clinical Definition of Anorexia May Help 

More Teens’, Tara Haelle, U.S.  
 

2018 

2nd December – Herald Sun newspaper ‘Youth eating disorder warning’, Brigid O’Connell, 

Victoria, Australia.   

6th December – The Age newspaper ‘The eating disorder nobody notices’, Laura Placella, 

Victoria, Australia. 
 

Radio: 

2014 

25th August –2SM, Sydney.  

25th August –WSFM, Sydney.  

26th August –774 Australian Broadcasting Commission (ABC), Melbourne. 

27th August - Radio National (Australia wide). 
 

2018  

3rd December – Radio National, ABC, ‘Anorexia study prompts call for diagnostic changes’ 

interview with Nancy Notzon on PM program (Australia wide).  

9th December – 3AW ‘Talking Health’ radio show with Dr Sally Cockburn. 
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Online:  

2014 

20th August – ‘Even Normal-Weight Teens Can Have Dangerous Eating Disorders, Study 

Finds’, Tara Haelle, ‘Health Day’ (http://consumer.healthday.com), U.S.  

25th August – ‘Rapid Weight Loss in Teenagers Causes Medical Complications’, Medscape 

Medical News (http://www.medscape.com), U.S. 

25th August – ‘State of the Art Review: Eating Disorders in Children and Teens’, Health Day 

News (http://www.cwcc.us), U.S.  

26th  August – ‘Rapid increase in restrictive eating disorders among adolescents’, Consultant, 

peer reviewed consultations in public health, Dr William Bloggs, Reuters Health,  

(http://www.pediatricsconsultant360.com) New York, U.S. 

26th August – ‘Aussie teens don’t have to be skinny to have an eating disorder: study’, 

Kimberly Gillan, Health and Wellbeing (http://m.ninemsn.com.au), Australia.   

26th August – ‘Drastic weight loss is a problem even in normal-weight teens’, M. Tyler, 

Eating Disorders online (http://www.eatingdisordersonline.com), U.S.  

27th August – ‘Incluso los adolescents con un peso normal pueden tener unos peligrosos 

trastornos de la alimentacion, halla un estudo’, Medline Plus. 

(http://m.medlineplus.gov/spanish/news/fullstory_148087.htm), Spain.  

27th August – ‘You don’t have to be stick thin to be anorexic, warn experts: Fivefold increase 

in ‘normal weight’ teens being admitted to hospital with the eating disorder’, Lizzie Parry, 

Daily Mail, (http://www. dailymail.co.uk).  

27th August – ‘Even normal weight teenagers can have anorexia’, U.S. Today 

(http://ustoday.org), U.S.  

27th August – ‘Hidden Eating Disorders: Normal-Weight Teens May Also Be Dealing with 

Dangerous Behaviors’, Kathleen Lees, Science World Report. 

(http://www.scienceworldreport.com), U.S.  

27th August – ‘The skinny on teen eating disorders: normal weight does not mean all clear’, 

John Tyburski, Daily Digest News (http://www.dailydigestnews.com), Ukraine. 

27th August – ‘Teens With Normal Weight Have Eating Disorders, Too: How BMI Fails 

Them’, Medical Daily (http://www.medicaldaily.com), U.S.  

27th August – ‘Normal-Weight Teens can Suffer from Eating Disorders’ Cheri Cheng, 

Counsel Heal (http://www.counselheal.com), U.S.  

27th August – ‘Dangerous Eating Disorder Behaviors Are Not Exclusive to Rail-Thin Teens’, 

Victoria Kim, The Fix (http://www.thefix.com), U.S.  
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1st September – ‘Anorexie: des complications graves chez les jeunes de poids normal’ 

Audrey Vaugrente, Pourquoi Docteur (http://www.pouquoidocteur.fr), France.  

29th September – ‘Nem biztos, hogy sovany, aki anorexias’, Aranyosi Ervin,  

(http://www. Hazipatika.com), Hungary. 

30th September – weight loss study affects eating disorders – Sonoma State Star, Emily Hill  

(http://www. sonomastatestar.com), U.S. 

September – ‘Research reveals new anorexia nervosa findings’ Victorian Government Health 

Information, State Government of Victoria, Australia, Department of Health 

(https://www2.health.vic.gov.au), Australia. 

 
2015 
9th February – ‘Is the selfie obsession driving eating disorders’ (https://www.rehabs.com), 
U.S. 
 
2018  

2nd December – ‘Rethinking how we see anorexia’ Pursuit, University of Melbourne 

publication (https://www.pursuit.unimelb.edu.au), Australia. 

4th December – ‘New Australian study busts anorexia nervosa myths’, Mahsa Fratantoni, The 

New Daily (https://www.thenewdaily.com.au), Australia.  

4th December – ‘Australian study highlights alarming misconception about anorexia in teens’, 

(https://www.msn.com), Australia. 

4th December – “We need to talk about the dangerous myth concerning anorexia in teens’, 

Benjamin Pineros, Techly, (https://www.techly.com.au), Australia.  

4th December – ‘Some Teens Hospitalized for Anorexia are Not Thin’, Traci Pederson 

(https://www.psychcentral.com), U.S. 

4th December – ‘One third of adolescents hospitalized with severe anorexia nervosa are not 

thin’ (https://www.cronicabalear.es), Spain. 

4th December – ‘Tech & Science: Australian study highlights alarming misconception about 

anorexia in teens’ (http://pressfrom.info>news>).    

14th December – ‘Researcher calls for diagnostic criteria for anorexia’, Evelyn Lewin, Royal 

Australian College of General Practitioners (https://www1.racgp.org.au). 

 

2019 

5th February – ‘You don’t have to be underweight to have anorexia – The Devon Clinic’ 

(https://www.devonclinic.co.uk) U.K.  
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26th February – ‘It’s not about the weight it’s about the weight loss…’ 

(https://www.bodyvolume.com), U.S.  

11th March, - ‘Focus on weight loss, not admission weight in eating disorder management’ 

Rachael Zimlich, Contemporary Pediatrics (https://www.contemporarypediatrics.com), U.S.  

15th March – ‘You don’t have to be skinny to have an eating disorder’, Kimberly Gillan 

(https://www.coach. ninemsn.com.au), Australia. 
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Pursuit article 

Following the publication of the 2018 paper the University of Melbourne published an article 
in the open-access website, ‘Pursuit’. The aim of Pursuit is to showcase the University’s 
research activities and their impact upon the world, chiefly through stories, videos, podcasts 
and pictures. Information on the website is compiled from a number of sources and includes 
articles, research findings, expert commentary, images and audio-visual content submitted by 
academic or professional staff and students (or alumni) at the University of Melbourne.   
 
RETHINKING ANOREXIA 

 
Teenagers with anorexia nervosa, the most serious of all eating disorders, don’t have to be 
‘skinny’; it’s possible to be diagnosed at any weight 
 
By Melissa Whitelaw, University of Melbourne 
 
Rake thin, visible ribs, emaciated bodies. The stereotypical ‘look’ of people with anorexia 
nervosa is well known. 
 
But our research at the Royal Children’s Hospital Melbourne and the University of 
Melbourne has found that anorexia is actually possible at any weight. 
 
ANOREXIA’S MANY GUISES 
 
We worked with 171 adolescents over a period of nine years between 2005 and 2013, who 
were hospitalised for the first time with a restrictive eating disorder. 
 
We found around a third had ‘atypical anorexia nervosa’, where they met all the diagnostic 
criteria for anorexia nervosa apart from being severely underweight. Over the study period, 
there was a five-fold increase in hospital admissions for this condition. 
 
These patients still experienced the same life threatening complications usually associated 
with anorexia, including a low pulse rate, low systolic blood pressure and low phosphate 
levels. 
 
But they didn’t present with the highly visible, severe emaciation that has long been 
considered the core diagnostic criterion for anorexia nervosa. 
 
We found the total and recent weight loss were stronger predictors than weight itself for a 
number of clinical complications, with the strongest predictor overall total weight loss. A 
striking finding was that no outcome was independently associated with low admission 
weight. 
 
In other words, it seems anorexia’s symptoms are associated with weight loss, not necessarily 
emaciation. 
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We need to rethink how we conceive restrictive eating disorders; in actual fact, they can 
emerge at any weight, and adolescents who have lost large amounts of weight should be 
assessed for a possible eating disorder – no matter their size. 
 

None of the adolescents participating in our study were being monitored by a health 

professional, despite being advised to lose weight in some cases. 

BALANCING HEALTHY EATING MESSAGES 
 
With overweight and obesity a major health issue in Australia, we have seen a proliferation of 
information about its prevalence and complications throughout society. 
 
Appropriately, healthy eating and lifestyle programs are taught in schools. But elsewhere, 
adolescents are inundated with messages about dieting, often with inappropriate 
recommendations for quick fixes promising fast weight loss, advice on how to change body 
shape and images of ‘beautiful’ thin bodies. 
 
And while adopting a healthier approach or dieting for weight loss can be done in a way that 
is healthy and safe, for some adolescents it can trigger eating disorder cognitions and lead to 
them adopting increasingly restrictive diets. 
 
For some, this can become a vicious cycle as they receive positive reinforcement about their 
weight loss from friends and family. For those with previously higher weights, positive 
affirmations for their weight loss are common and, in some cases, they are even encouraged 
to continue losing weight. 
 
We don’t yet know why some adolescents are susceptible to this while others are not, but it 
isn’t surprising this is the most common age for eating disorders to develop (they are the third 
most common adolescent chronic illness after obesity and asthma). 
 
Adolescence is a highly dynamic period of development as we acquire the physical, cognitive 
and emotional characteristics of adults. By the end of adolescence, we are sexually and 
reproductively developed, our bodies are grown and our brains have matured. 
 
Although adolescence is generally considered a time of robust physical health, it is often the 
age when mental health disorders emerge. Psychiatric illness is considered common at this 
age, with 50 per cent of adult mental disorders reported to have started by age 14 years (20). 
 
Body image concerns are also common, as is a heightened susceptibility to dieting. For some, 
this can become dangerous. 
 

https://www.ncbi.nlm.nih.gov/pubmed/15939837
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It is important to be conscious of how food is discussed around adolescents. Stigmatising 
discussions that relate food to body weight can encourage them to adopt restrictive diets. 
 
It is much more effective to offer positive healthy eating advice, like eating more fruit and 
vegetables. 
 
A NEW WAY OF DIAGNOSING ANOREXIA 
 
In the future, weight loss in higher weight adolescents, even those who have been assessed as 
overweight or obese, should be closely monitored by health professionals so that if an eating 
disorder emerges, it can be picked up early. 
 
This should include a review of the patient’s weight loss strategies to ensure they are 
sustainable and safe, as well as an assessment of their cardiovascular health. 
 
And we need to rethink the diagnostic criteria for anorexia nervosa, the most serious of all 
eating disorders. 
 
Our findings suggest that weight loss, as well as weight, should be included in future 
revisions of the diagnostic criteria for anorexia nervosa. 
 
It is not just about being underweight. 
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Appendix E 

This material has been removed by the author of this thesis for copyright reasons. 
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