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Summary 

 

Hyperactivity is a frequently observed feature of Anorexia Nervosa (AN). However, as it is 

not included in the official DSM-IV criteria for the disorder, much ambiguity exists about this 

concept. In most studies, hyperactivity is not measured with an objective assessment tool, and 

the use of control groups is scarce. The aim of this study was to measure hyperactivity with 

different assessment tools. Objective hyperactivity was assessed using an actiwatch which 

registers all movement, while subject hyperactivity was assessed with the Drive for activity 

questionnaire and the Spare time questionnaire. Apart from the AN patients, two control 

groups were included in this study: an at risk and a healthy control group. As it has been 

found that a high activity level is known to be a predictor for future eating pathology, a group 

of young aspiring ballet dancers was included as an at risk group.  

In the present study was found that AN patients display higher levels of objective 

hyperactivity, drive for activity and activity in spare time than the control groups. However, 

no relationship existed between objective and subjective hyperactivity for the three groups. 

For AN patients, a negative correlation of -.48 (p = .032) was found between objective 

hyperactivity and SD BMI, and a negative correlation of  -.51 (p = .025) between objective 

hyperactivity and fat percentage. A positive relationship of .58 (p = .008) was found between 

eating pathology and activity in spare time. For the at risk group, a positive correlation of .50 

(p = .039) was found between objective hyperactivity and SD BMI. Secondly, a positive 

correlation of .51 (p = .030) was found between eating pathology and drive for activity. For 

the healthy controls a negative correlation of -.44 (p = .047) was found between objective 

hyperactivity and eating pathology, and a positive correlation of .73 (p < .001) was found 

between drive for activity and eating pathology.  

These results show that AN patients are indeed more hyperactive than their 

counterparts without an eating disorder. Furthermore, they suggest that hyperactivity in AN is 

related to more severe symptoms; like higher levels of eating pathology, and lower weight and 

fat percentage. For the at risk group, a higher weight implies more a higher level of 

hyperactivity, and a higher drive for activity is related to more eating pathology. For the 

healthy controls a lower objective hyperactivity goes hand in hand with more eating 

pathology, while a higher drive for activity is related to more eating pathology. 
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Introduction 

 

Hyperactivity in Anorexia Nervosa 

Anorexia Nervosa (AN) is a severe psychiatric disease, affecting between 0.6% and 

1% of young women in Western cultures (ANRED, 2008). This eating disorder is 

characterized by extreme weight loss, an intense fear to gain weight, a disturbed body image 

and the occurrence of amenorrhoea (American Psychiatric Association, 1994). In the DSM-IV 

(American Psychiatric Association, 1994), two types of AN are distinguished: a restricting 

and a purging subtype. The restricting type of AN is characterized by a restraint food intake, 

while the purging type is characterized by regular binge eating followed by purging behaviour 

(self induced vomiting or misuse of laxatives). Apart from the official criteria of the disorder, 

a commonly displayed feature by AN patients is hyperactivity. It may take the form of an 

increase in both specific routines, such as engagement in sports, gym activities and running, 

as well as more diffuse restlessness, including pacing and fidgeting behaviour (Klein et al., 

2004). Hyperactivity is considered an important feature of the disorder as 40-80% of AN 

patients exhibits it. Hyperactivity occurs in both the restricting and the purging subtype of AN 

(Davis et al., 1997).  

 

Impact 

Hyperactivity is an important feature to examine as it has a high prevalence in AN and 

has a high impact on the disorder. First of all, hyperactivity leads to accelerated weight loss 

by negatively influencing the energy balance. The combination of the restricted food pattern 

and hyperactivity increases the speed of weight loss. As less food is consumed more calories 

are burnt by being hyperactive. Hyperactivity has also been associated with greater caloric 

requirement for gaining weight during treatment (Klein et al., 2004). Related to that, it 

represents an inevitable barrier to gain weight in refeeding, as the level of metabolism is 

increased (Holtkamp, Hebebrand & Herpertz-Dahlmann, 2004).  

Secondly, because of its obsessive components, patients are more often dropouts to 

treatment programmes (Elburg, Hoek, Kas, & Engeland, 2007). This is probably related to the 

higher anxiety levels and the obsessive-compulsive and addictive nature of hyperactivity 

which interferes with regular treatment of AN. The presence of hyperactivity among patients 

with AN has been found to be associated with both longer inpatient treatment (Solenberger, 

2001) and a shorter time to relapse (Strober, Freeman, & Morrel, 1997; Carter, Blackmore, 

Sutander-Pinnock, & Woodside 2004).  



 6 

Furthermore, the impact of hyperactivity on the physical constitution of patients 

cannot be neglected. Hyperactivity may be associated with a higher risk of osteopenia and 

stress fractures, because of the increased bone loss during the period of food restriction 

(LaBan, Wilkins, Sackeyfio, & Taylor, 1995). It can also lead to potentially lethal 

cardiovascular complications (Elburg et al., 2007) as AN patients often show bradycardia, 

slowness of the heart rate. By the increased strain that is put on the heart while exercising, 

hyperactivity can have dangerous implications (Svenne & Larsson, 1999). To sum up, 

hyperactivity is a predictor of poorer treatment outcome and therefore an important factor to 

consider in research on AN.  

 

Aetiology 

It has been suggested that hyperactivity might play an etiologic role in the 

development of AN (Klein et al., 2004). AN patients with hyperactivity often displayed a high 

activity level during childhood. Furthermore, premorbid activity levels significantly predict 

excessive exercise in AN, as was found that exercising precedes dieting in more than half of 

the AN cases, emphasizing the importance of hyperactivity in the development of AN (Davis 

et al., 1997). 

A high activity level can thus be considered to be an important predictor of the 

development of AN. Furthermore, certain types of sports may increase the risk of developing 

eating disorders because of their emphasis on appearance (Smolak et al., 2000). Eating 

disorders are more common in environments were much emphasis is being put on slenderness 

and the thin ideal, like in ballet, cheerleading and modelling (Anshel, 2004). Thirdly, it has 

been found that in certain professional sports like athletics and ballet, personality 

characteristics related to AN, e.g. perfectionism and compulsiveness, are overrepresented 

(Smolak et al., 2000). These personality factors could make individuals more vulnerable for 

the development of an eating disorder.   

So, participating in an exercise program, the social value related to slenderness, 

combined with certain personality traits, tends to increase a concern with weight and the 

tendency to diet in women (Davis, Katzman, & Kirsh, 1999). Ballet dancers are a group 

known to be at risk for the development of an eating disorder (Smolak et al., 2000). Young 

aspiring ballet dancers are more common to develop an eating disorder in comparison to their 

non dancing counterparts. Ballet dancers are exposed to an environment where much 

emphasis is put on figure and body weight, as being underweight is ideal being a ballet 

dancer. As part of their profession, ballet dancers are known to be subjected to intense 
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training schemes, being hyperactive during the day as a result of this. It has also been found 

that personality characteristics related to AN are overrepresented in ballet dancers (Garner & 

Garfinkel, 1980; Szmukler et al., 1985; Braisted et al., 1985). As argued previously, this 

combination of factors can make individuals vulnerable for the development of an eating 

disorder. As eating disorders often develop in adolescence (Saddock & Saddock, 2003), 

adolescent aspiring ballet dancers are used as an at risk group for studying the relationship 

between hyperactivity and eating pathology in the present study. 

  

Explanatory models 

Although hyperactivity is widely studied in AN, there is not an all embracing theory to 

explain the role of hyperactivity in AN yet. At the moment, there are different explanatory 

models from different perspectives or disciplines trying to elucidate the role of hyperactivity 

in AN, considering psychological as well as its neurobiological functions. Some of these 

models are described below.  

 

Weight loss strategy At first, hyperactivity can be explained as an effective strategy that helps 

to obtain the goal of weight loss. More calories will be burnt at an higher activity level. 

Especially at the start of the disorder, the hyperactivity in AN is partly intentional as it 

facilitates energy expenditure (Vansteelandt et al., 2004) 

 

General psychopathology Also more unconscious psychological motives have been argued to 

explain hyperactivity in AN. Hyperactivity has been associated with greater severity of eating 

disorder symptoms like rituals, preoccupations and a low motivation to change (Shroff et al., 

2006). Peñas-Lledó, Vaz Leal, & Waller (2002) found that hyperactivity in AN is associated 

with more unhealthy general and bulimic eating attitudes, making it a feature predicting more 

severe AN. A study of Solenberger (2001) found similar results; hyperactive AN patients 

showed higher scores of weight preoccupation, drive for thinness and body dissatisfaction 

than their less exercising counterparts. Furthermore, in a study of Pieters et al. (2006) it was 

found that individual patients report different motives for their hyperactivity, but a higher 

weight preoccupation was a shared motive among the patients. During the day, when patients 

experienced higher levels of drive for thinness, wanted to burn calories, and felt less physical 

attractive, they displayed higher activity levels at that moment. These psychopathological 

features associated with hyperactivity might suggest that AN with hyperactivity is a more 

severe form of the eating disorder, as it involves more psychopathology. Hyperactivity could 
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be a prime feature of AN, but only common in the more severe cases of AN, as it is associated 

with more eating and behavioural pathology. It is however difficult to determine by studying 

acutely ill patients whether the psychopathological differences between hyperactive AN 

patients and their non hyperactive counterparts are antecedent factors that precipitate a more 

severe clinical profile and outcome. It might also be the case that in combination with drastic 

dieting, exercise causes greater psychological impairment and poorer prognosis than food 

restriction on its own (Davis & Kaptein, 2006).  

 

Mood regulation Hyperactivity is shown to be related to higher levels of obsessive-

compulsiveness (Davis et al., 1999; Davis & Kaptein, 2006, Shroff et al, 2006), anxiety 

(Holtkamp et al. 2004; Klein et al. 2004; Peñas-Lledó et al., 2002), somatization and 

depression in AN patients (Peñas-Lledó et al., 2002; Shroff et al., 2006). It is possible that 

hyperactivity in AN has the function of being a strategy to regulate negative emotions or 

affect, as a way to cope with stress (Davis et al., 1999). Especially anxiety is theorized to be 

alleviated through hyperactivity, and hyperactivity can be viewed as self-medication to cope 

with anxiety (Klein et al., 2004). Heightened anxiety is also a key characteristic of those with 

OCD tendencies. The two may be related that both obsessive-compulsive behaviour and 

hyperactivity in AN patients are coping styles for the heightened anxiety level that these 

patients exhibit (Davis & Kaptein, 2006). The possibility that AN patients use hyperactivity to 

compensate for or to suppress their emotional state (Peñas-Lledó et al., 2002) is also 

supported by the fact that in normal populations, physical activity has been known to alleviate 

mood and decrease levels of anxiety (Klein et al., 2004).  

 

OCD Apart from the function of mood regulation, hyperactivity may also be explained as a 

form of obsessive-compulsive behaviour (Davis, Kaptein, Kaplan, Olmsted, &Woodside, 

1998). This is supported by the obsessive and compulsive nature of hyperactivity in AN 

(Davis & Kaptein, 2006). Hyperactive AN patients have higher scores on obsessive-

compulsive personality than their not hyperactive counterparts (Davis & Claridge, 1998). As 

this obsessive-compulsive nature persists after recovering from AN, it suggests that these 

symptoms might be related to the development of AN with hyperactivity, and that individuals 

with these characteristics are more vulnerable for developing AN with hyperactivity. AN 

patients with hyperactivity show for instance higher perfectionism than their counterparts 

without hyperactivity (Davis & Kaptein, 2006; Shroff et al., 2006). This obsessive-

compulsive personality of AN patients seems to contribute to hyperactivity via cognitions and 
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attitudes about exercising. The obsessive-compulsive personality influences the development 

of obligatory and pathological attitudes to exercise. These attitudes, in turn, foster more 

frequent and more intense exercising (Davis et al., 1999). Moreover, as it concerns a stable 

personality trait, this may contribute to a more severe and treatment-resistant form of AN 

(Davis & Kaptein, 2006). As the hyperactivity and AN originates from certain personality 

traits, this may be more rooted in a person and more difficult to change.  

 

Addiction Hyperactivity can also be viewed as a form of addictive behaviour. This is in line 

with the compulsive nature of hyperactive AN patients, as compulsions and addictive 

behaviour are closely related. In a study of Davis and Claridge (1998) it was found that AN 

patients displaying hyperactivity had higher scores on addictive personality as measured with 

the Eysenck Personality Questionnaire-Revised (Eysenck & Eysenck, 1991). Addictive 

personality in turn significantly predicted the degree of obligatory attitude towards exercising, 

(i.e. hyperactivity: Davis et al.1999) The addictive personality traits often displayed by AN 

patients may reflect a psychobiological vulnerability to the reinforcing effects of both 

starvation and hyperactivity (Davis et al., 1999).  

 

ABA Next to the psychological functions of hyperactivity, neurobiological functions are 

hypothesised to play an important role.  These theories are predominately based on animal 

research. Activity Based Anorexia (ABA) or Starvation Induced Hyperactivity (SIH) is 

considered an animal model of anorexia nervosa. In ABA, a food restricted environment 

combined with the opportunity to exercise leads to hyperactivity, reduced food intake, severe 

body weight loss and hypothermia in rodents, mostly rats (Hillebrand, Rijke, Brakkee, Kas, & 

Adan, 2005). Crucial for this model are the prerequisites of voluntary access to a running 

wheel and a limited availability of food for the animals. It was found that rats developed a 

condition comparable to AN in the sense that they decreased their food intake while 

increasing their activity level. This paradoxical phenomenon resulted in a substantial body 

weight loss (>20%) and eventually these rats killed themselves if not stopped by the 

experimenter (Hillebrand et al., 2006). This is in contradiction to the animals that were placed 

in a condition with merely a running wheel or merely a restricted food intake. These rats did 

not develop ABA, and simply decreased their activity pattern by restricted food availability or 

increased their food intake by more activity.  

The hyperactivity in ABA rats might be explained as preventing starvation induced 

hypothermisa, because the behaviour will regulate body temperature; the core body 
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temperature and the running wheel activity are inversely related (Gutiérrez, Vásquez, & 

Boakes, 2002). The ABA model supports the addictive and biological properties of 

hyperactivity in humans with AN. It emphasises the neurobiological component of the 

mutually reinforcing combination of excessive exercise and self starvation, which can 

produce an extremely maladaptive cycle of behaviour reminiscent of drug self-administration 

paradigms (Klein et al., 2004), explaining the addictive nature of hyperactivity in AN. It 

supports the assumption that hyperactivity in AN patients is not only stimulated by 

psychological factors, like media influence, the cultural value put on slender female bodies or 

concern about shape and weight (Klein et al., 2004), and that neurobiological influences 

should not be neglected. 

 

Evolutionary The increased activity in ABA rats and AN patients is paradoxical: food intake 

is reduced while activity level is increased. However, in evolutionary terms, the lessening of 

the food intake during hyperactivity can be explained as simple survival behaviour. In times 

of shortage, rationing of the present food while actively moving to a new area abound with 

food may increase the odds for survival (Hebebrand et al., 2003). Taking the evolutionary 

point of view, hyperactivity as a result of the decreased food intake is a logical way of staying 

alive in a world where food is not a consistent and assured factor.  

 

These different explanatory models complement each other in different ways. The 

psychological explanations like the addiction model and the more biological ABA model may 

go hand in hand and explain hyperactivity from different points of view. They emphasize 

different aspects of the origin of hyperactivity, and form a multidimensional context for 

approaching hyperactivity in AN.   

 The implications made by these models may have value for the therapeutic 

interventions for AN patients with hyperactivity. When approached via the mood regulation 

model, therapeutic interventions that have weight gain as a principal focus can be less 

successful for AN patients that show hyperactivity, because weight gain itself will trigger 

greater levels of anxiety. As they will try to alleviate the heightened anxiety by compensatory 

exercise, the positive therapeutic outcome will be undermined (Peñas-Lledó et al., 2002). The 

OCD model states that as the hyperactivity and AN originates from certain personality traits, 

this may be more rooted in a person and more difficult to change. Treatment will have to be 

based on tackling the underlying personality instead of just the eating disorder (Davis & 

Kaptein, 2006). Implications made by the addiction model could be that AN with 
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hyperactivity is a subtype of AN that has to be approached for treatment taking the addictive 

part into consideration (Davis et al., 1999). These different explanatory models of 

hyperactivity each emphasis different aspects of the nature of AN, and therefore could be 

helpful in developing optimal treatment programmes.   

 

Definition  

Apart from the different perspectives on the role of hyperactivity, there are also 

several definitions in use for the concept of hyperactivity; e.g. excessive exercising, 

hyperactivity, high level exercise, increased physical activity, over-activity, motor activity 

and compulsive exercise. These definitions are frequently used to explain a more or less equal 

phenomenon (Solenberger, 2001; van Elburg et al., 2007). As hyperactivity is not an official 

criteria for the diagnosis of AN, there is no consistent operational definition of it. This lack of 

clear criteria is one of the reasons for the ambiguity in the prevalence of hyperactivity in AN. 

It might also explain the often inconsistent findings when personality and psychopathological 

correlates of hyperactivity are examined in patients with eating disorders (Shroff et al., 2006). 

Secondly; there is a lack of consistent objective assessment tools for measuring 

hyperactivity. In most research hyperactivity is measured using retrospective self reports of 

patients, either by using interviews (e.g. Shroff et al., 2006) or by using questionnaires (e.g. 

Brewerton, Stellefson, Hibbs, Hodges, & Cochrane, 1995). In a study of Elburg and 

colleagues (2007) however, it was found that AN patients are unable to accurately report on 

their own hyperactivity, when these ratings were compared to an objective assessment tool 

(actiwatch). For assessing the objective hyperactivity of patients, it is therefore necessary to 

use an objective tool (e.g. actiwatch) and not to rely solely on self report by AN patients. As 

subjective experiences of hyperactivity are mostly used in previous studies, the present study 

will combine both types of measurements of hyperactivity. That way, objective and subjective 

hyperactivity and their relationship with variables like weight and eating pathology can be 

compared. Subjective hyperactivity will be measured with a questionnaire measuring activity 

level in spare time and with a questionnaire measuring drive for activity. Drive for activity is 

often seen as being a predictor for displayed hyperactivity (Holtkamp et al., 2006). As 

hyperactivity level is influenced by a drive for activity, this concept will be included in the 

present study as well. The subjective ratings of patients’ activity level or their drive for 

activity might be more accurate in predicting eating disorder symptoms or negative emotions. 

For that reason both objective as subjective measurements of hyperactivity are included in the 

present study.  
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Few studies of hyperactivity have included suitable control groups (Davis, Blackmore, 

Katzman, & Fox, 2005). As mentioned previously, AN patients cannot accurately rate their 

own hyperactivity (Elburg et al., 2007). It has not be studied however whether this is possible 

for adolescents without an eating disorder. It might be interesting to see whether this is a 

consequence of the disorder or that it is a common inability among adolescents. No studies 

yet have compared hyperactivity levels of the patients with controls exhibiting high 

hyperactivity levels. As explained before, hyperactivity often precedes dieting in eating 

disorders, and a high level of activity is a risk factor for the development of an eating 

disorder. Aspiring ballet dancers will be included as an at risk group in this study, next to the 

healthy control group.  

Taken together, the current study aims to measure hyperactivity with different 

measures: an objective tool (actiwatch) as well as self reports (questionnaires), assessing drive 

for activity and activity in spare time. The second aim is to examine hyperactivity in AN 

patients in comparison to individuals at risk and to healthy controls. As hyperactivity in AN is 

most often found among younger patients (Saddock & Saddock, 2003), the research 

population in the study consists of adolescents. Taking these matters into consideration, there 

are several hypotheses that are described below: 

H1: The objective hyperactivity (actiwatch) of AN patients is higher than the objective 

hyperactivity of the at risk group, which has a higher score than the healthy controls.  

H2 and H3: On a more subjective level, AN patients will show a higher level of drive for 

activity (Drive for activity questionnaire) than the at risk group and than the healthy controls. 

Similarly, AN patients will show a higher level of activity in their spare time (Spare time 

questionnaire) than individuals at risk and healthy controls.  

H4: In AN patients, objective hyperactivity will not be correlated with activity in spare time 

and drive for activity, while there will be a positive relation for the at risk and the healthy 

control group.  

H5: For all groups, SD BMI and fat percentage will be negatively correlated to objective 

hyperactivity, while being unrelated to drive for activity or activity in spare time. 

H6: Average EDI score will be positively correlated to actiwatch score, drive for activity and 

activity in spare time in all three groups.  
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Method 

 

Participants 

This study consisted of three groups of participants: AN patients, adolescent subjects 

at risk for developing AN and adolescent healthy control subjects.  

 

Patient group 

The AN group was part of a larger study (The mandometer method versus 

conventional treatment, Rintveld Eating Disorder Centre of Zeist, 2005) in which similar data 

were collected, making these data available for inclusion in the hyperactivity study. Female 

adolescent patients were recruited at first contact at Rintveld, Eating Disorder Centre. Patients 

with the diagnosis of AN, both the purging and restricting subtype were asked to participate in 

the study. Inclusion criteria for the patient group were that the patient was female, between 12 

and 17 years of age, not admitted to the hospital or in inpatient treatment or taking the 

medication zyprexa while participating in the study. This was decided because a clinical 

environment or an activity tempering drug will make the displayed activity level distinct from 

the actual activity level. The anonymous and voluntary participation of the patients in the 

study was emphasized. Both the individual as one of the parents received an informed 

consent, and were informed about the aim of the study, both in person and on paper. A total of 

20 adolescent AN patients were included in the study
1
, all wearing the actiwatch for three 

consecutive days while not being restricted in their activity. Five of these patients were 

diagnosed with the purging type of Anorexia Nervosa and 15 patients with the restricting 

subtype of Anorexia Nervosa. All new admitted patients fulfilling the criteria were asked to 

participate in the study.  

 

At risk group 

The at risk group consisted of girls who were recruited from the preparatory school of 

the ballet academy. The at risk group was screened for eating disorders, excluding those girls 

exhibiting signs of an eating disorder from the study. Attempted was to let the at risk group be 

                                                
1 In the original study, the patient group consisted of 51 individuals. Patients were excluded if they did not wear 

the actiwatch at all or inconsistently. Patients that were admitted to the hospital or following inpatient treatment 

were excluded as well, because of the tempering of their activity scores by being in an activity restricted 

environment. Patients with the diagnosis ED NAO were also excluded. The patients with the medication 

Olanzapine (Zyprexa) administered were also excluded from the present study, as this medication, among other 

purposes, tends to temper activity level and therefore influences the correctness of the collected data about 

activity level. Consequently, 31 patients were excluded form the study.  
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of similar age as the patient group. Firstly the Royal Conservatorium of The Hague, a 

preparatory school of the ballet academy, was approached for participation. After that the 

individuals and their parents were asked to participate in the study and were both in person 

and on paper informed about the aim of the study and their voluntary participation in it. A 

total of 18 individuals participated in the study in the at risk group.  

 

Healthy control group 

The control group consisted of adolescent girls recruited from a local secondary school 

in the Netherlands. They were screened for eating pathology and excluded from the study 

when exhibiting signs of an eating disorder. Attempted was to let the healthy control group be 

of similar age as the patient group. The recruitment of the at risk group had the same 

procedure as that of the healthy control group. Firstly, the school, the New Lyceum of 

Bilthoven was approached and asked for permission to invite the girls to participate in the 

research. After approval, the individuals and their parents received an informed consent, and 

were both in person and on paper informed about the aim of the study and their voluntary 

participation in it. The healthy control group consisted of 21 individuals.  

 

Demographic parameters 

A total of 59 girls in the age of 11 to 17 years (M = 14.13 years, SD = 1.40 years) 

participated in this study. However, age differed between the three groups (AN patients n = 

20, at risk group n = 18 and control group n = 21) F(2,58) = 33.75, p < .001. The AN patients 

were significantly older than the other two groups F(1,57) = 5.11 p < .028. The healthy 

control group was significantly older than the at risk group F(1,57) = 6.55, p = .013 (age AN 

patients M = 15.39, SD = 1.36; age at risk group M = 12.84, SD = 0.6; age healthy control 

group M = 14.04, SD = 0.71).  

The three groups also differed in SD BMI F(2,52) = 23.92, p < .001 (M = -1.37, SD = 

1.50 ). To examine the differences between the groups, further analyses were done. The AN 

group had a significantly lower SD BMI than the at risk group F(1,55) = 11.84, p = .001 and 

also a lower SD BMI than the healthy control group F(1,55) = 47.56, p < .001. The at risk 

group showed a lower SD BMI than the healthy control group F(1,55) = 47.56, p < .001 (SD 

BMI AN patients M = -2.66, SD = 1.48; SD BMI at risk group M = -1.19, SD = .75; SD BMI 

healthy control group M = -.24, SD = .93).  

For fat percentage, an overall effect of group was also found F(2,55) = 24.41, p < .001 

(M = 15.58, SD = 8.47). The patient group showed a significantly lower fat percentage than 
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the healthy control group F(1,56) = 33.84, p < .001. The at risk group also showed a lower fat 

percentage than the healthy control group F(1,56) = 29.12, p < .001. No significant difference 

was found between the AN patients and the at risk group (fat percentage AN patients M = 

10.97, SD = 5.98; fat percentage at risk group M = 11.54, SD = .75; fat percentage healthy 

control group M = 23.22, SD = 7.73). 

 

Assessment 

The three groups were assessed with different methods after agreeing to participate in 

the study, which are described below.  

Diagnosis 

Firstly, the diagnosis of AN and the screening for eating pathology was done using the 

Dutch version of the Eating Disorder Examination (EDE), a semi-structured interview. 

Diagnoses were made using the EDE in combination with the criteria of the DSM IV-R 

(American Psychiatric Association, 1994). The EDE is considered to be the ''gold standard'' 

by which to assess eating disorders. It has good inter-rater reliability, internal consistency 

reliability, high levels of discriminant validity, construct validity, and treatment validity in the 

assessment of eating disorders (Guest, 2000).  

The EDE consists of 32 questions, which are divided in four subscales and a few 

separate questions. The four subscales are: restraint, eating concern, weight concern and shape 

concern. The separate questions are about three manners of overeating (objective bingeing, 

subjective bingeing and objective overeating) and four manners of weight control (self 

induced purging, laxative abuse, diuretic abuse and excessive exercising) (Jansen, 2000). The 

EDE is used for the patients to assess eating disorders and their manifestation at first contact 

at Rintveld. For the healthy control and the at risk group, the EDE was used for the screening 

of eating pathology.  

 

Biological  parameters 

Biological parameters were obtained from the three groups. Information on length and 

body weight was collected. Body weight and fat percentage was assessed using the TANITA 

(Tanita Cooperation of America, Inc, Arlington Heights, IL), a bio-impedance scale 

instrument. This instrument is a digital weighing machine and it determines the Body Mass 

Index (BMI = kilogram/length^2) with an impedance measurement that assess percentage of 

fat, mass of fat and the moisture content. The results of the study of Ritchie et al. (2005) 

confirmed that the Tanita has a good validity and reliability. For adults, a BMI score of 20 or 
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lower means that the individual is underweight, and a score of 25 or higher means that this 

individual is obese. In comparison to adults, the adolescents participating in this study are still 

in their growth and development stage and therefore another scoring technique is required.  

The degree of patient underweight was calculated using the body mass index (BMI, kg/m^2) 

computed into Z scores describing the statistical distance from the mean BMI for that age. A 

standard deviation of -1 to 1 is considered to be normal weight. Using a software program 

provided by the Netherlands Organization for Applied Scientific Research TNO, the data 

were related to Dutch population references (van Buuren & Frederiks, 2001). 

 

Actiwatch 

The subjects were asked to wear the Actiwatch, an activity monitoring system 

(Actiwatch, Cambridge Neurotechnology, Cambridge, United Kingdom). It is a watch-like 

device strapped on the participant’s right ankle to measure physical activity. The subjects 

were asked to wear the actiwatch for three consecutive weekdays. Patients were only allowed 

to remove the actiwatch during showering. An objective measurement of activity level is 

accomplished by using the actiwatch, which is considered to be the gold standard for 

measuring activity and it has a good reliability and validity (Kingma et al., 2005). The total 

activity during the 72 hours was assessed. The group of ballet dancers exercise obligatory for 

2.5 hours a day at their academy and in the 72 hours they have 3 x 2.5 = 7.5 hours of 

obligatory ballet classes. To calculate the general physical activity of the ballet dancers, and 

thereby corrected for the obligatory ballet classes, the following formula is drawn up:  

General physical activity (hours) = Total physical activity (hours) – 7.5 hours.  

 

Subjective hyperactivity 

Apart from the measurement with the actiwatch, hyperactivity was also measured 

using two questionnaires: the Drive for Activity Questionnaire and the Spare Time 

Questionnaire. Both questionnaires measure the self reported level of activity and are used in 

the study of Holtkamp et al. (2003) to explore hyperactivity in eating disorders. The Drive for 

Activity Questionnaire is a four-point scale ranging from 1 “never” to 4 “always” and consists 

of questions about sport and physical activity. The instrument includes questions like ‘I feel 

the need to be physical active’ and ‘sitting still is difficult for me’. All the questions combined 

provide a sum score which was used in this study to measure drive for activity. Cronbach’s 

alpha of this questionnaire was .94. The Spare Time Questionnaire is a seven point scale 

ranging from 1 “less than 1 time a month” to 7 “daily” and it gives information about the 
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diversity and frequency of physical activity. The questionnaire consists of 23 items, of which 

in this study 10 items are used to measure activity level of the participants. Cronbach’s alpha 

of the Spare Time Questionnaire is .64.  

 

EDI 

Furthermore, all three groups filled in the Dutch version of the Eating Disorder 

Inventory (EDI), a questionnaire measuring specific eating pathology. As the EDE was used 

to determine the diagnosis, the EDI measures specific personality traits related to eating 

pathology. The originally American questionnaire by Garner (1991) is translated by 

Schoemaker et al. (1994) into a Dutch version. The six-point scale instrument, ranging from 1 

“never” to 6 “always”, contains 65 items about ideas, feelings and behaviours with respect to 

eating. When the individual scores a ‘6’ on a certain question, this score displays serious 

symptomatology. Eight subscales can be distinguished: Drive for Thinness, Bulimia, Body 

Dissatisfaction, Ineffectiveness, Perfectionism, Interpersonal Distrust, Introceptive Awareness 

and Maturity Fears. The eight dimensions of this questionnaire measure cognitions about 

weight, eating pathology and psychological insight in the pathogenesis of eating disorders. 

Garner et al. (1983) showed that this instrument has an excellent reliability and validity. The 

internal consistency was high: a Chronbach’s Alpha of .88. In this study, the average EDI 

score of the subscales is used to measure eating pathology among participants.  

 

Statistical Analysis 

Statistical analyses were done with SPSS 15.0. Between group differences were 

calculated using a oneway MANOVA test. Within group correlations were calculated using a 

Pearson correlation coefficient.  
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Results 

 

Table 1. Mean scores and standard deviations of objective hyperactivity, the Drive for activity 

and Spare time questionnaire, SD BMI score, fat percentage, average EDI score and age for 

the AN patients, the at risk groups (ballet dancers) and the healthy controls.  

 

 AN patients Ballet Dancers Healthy controls 

 Mean (SD) Mean (SD) Mean (SD) 

Actiwatch  244.24 (107.48) 188.09 (28.59) 134.37 (45.34) 

Drive for activity  2.94 (.69) 1.83 (.29) 1.69 (.29) 

Spare time  44.15 (10.42) 27.33 (4.43) 24.86 (5.04) 

SD BMI -2.66  (1.48) -1.19  (.75) -0.24  (.93) 

Fat percentage 10.97 (5.98) 11.54 (4.41) 23.22  (7.73) 

Average EDI  30.23  (4.82) 19.76 (3.65) 19.66 (3.75) 

Age (in years)  15.39 (1.36) 12.84 (.60) 14.04 (.71) 

 

 

Hyperactivity 

To test the difference in objective hyperactivity (measured by the actiwatch) between 

the three groups, a MANOVA was conducted. There was an overall effect of group, F(2,56) = 

12.61 p < .001. To examine the specific differences, further analyses were done.  A significant 

difference was found between the AN and the at risk group F(1, 57) = 5.19, p = .026, 

indicating that the AN group displayed a higher level of hyperactivity than did the at risk 

group. The scores of the AN group also showed a significant difference with the healthy 

control group F(1, 57) = 25.67, p < .001 suggesting that the AN group displayed a higher 

level of hyperactivity compared to the healthy controls as well. The at risk group and the 

healthy control group also differed in hyperactivity F(1, 57) = 5.11, p = .028 which showed 

that the at risk group displayed a higher level of hyperactivity measured compared to the 

healthy control group.  

MANOVA’s were also conducted to test the difference between the three groups in 

respect to the hyperactivity measured by the Drive for activity and the Spare time 

questionnaire. For the Drive for activity questionnaire, there was an overall effect of group 

F(2,56) = 42.55, p < .001. Further analyses were done to examine the specific differences 
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between the groups. The results showed that there was a significant difference between the 

AN group and the at risk group F(1,57) = 35.59, p < .001,  indicating that the AN group 

showed a higher Drive for activity than the at risk group. A significant difference was also 

found between the AN group and the healthy control group F(1,57) = 60.59, p < .001, which 

shows that the AN group had a higher drive for activity than the healthy control group. No 

significant difference was found between the at risk and the healthy control group.   

For the Spare time questionnaire an overall effect of group F(2,56) = 3.54, p = .036 

was found as well. To examine the difference between the groups, further analyses were done. 

The results showed that there was a significant difference between the AN and the healthy 

control group F(1,57) = 7.21, p = .009, indicating that the AN group showed a higher level of 

activity measured with the Spare time questionnaire than the healthy control group. No 

significant differences were found between the AN patients and at risk group and between the 

at risk group and healthy controls.  

  

Correlations of hyperactivity scores 

Table 2. Pearson correlation coefficient (r) and significance level between actiwatch  and 

scores on the Spare time and Drive for activity questionnaire 

 

Actiwatch 

AN patients At risk group Healthy controls Total group 

  R p r p r p r p 

Spare time .19 .413 .32 .196 .29 .21 .35 .007* 

Drive for activity .26 .277 -.16 .525 -.27 .24 .47 .000* 

* p < 0.05 

 

A Pearson correlation was conducted to test the relationship between the actiwatch 

score and the self reported level of activity of the Spare time questionnaire and the Drive for 

activity questionnaire in all groups. For the total population exists a significant positive 

relationship between the actiwatch score and both self reported level of activity of the Spare 

time questionnaire (r = .35, p = .007) and Drive for activity questionnaire (r = .48 and p 

<.001). Higher actiwatch scores are associated with higher scores of the Spare time 

questionnaire and higher scores on the Drive for activity questionnaires in all the groups 

together. However, for each group separately, this effect was not found.   
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SD BMI and fat percentage 

Table 3. Pearson correlation coefficient (r) and significance level of SD BMI and fat 

percentage and actiwatch, self reported activity level by the Spare time questionnaire and 

Drive for activity 

 

SD BMI Fat percentage 

AN patients 

At risk 

group 

Healthy 

controls AN patients 

At risk 

group 

Healthy 

controls 

  R p r p r p r p r p r p 

Actiwatch -.48 .032* .50 .039* .19 .429 -.51 .025* .23 .364 -.19 .410 

Spare time -.05 .848 .38 .137 .11 .657 .12 .627 .38 .119 -.16 .499 

Drive for 

activity -.40 .084 .12 .644 -.02 .942 -.07 .786 .10 .704 .21 .371 

* p < 0.05 

 

A Pearson-product moment correlation was conducted to test the relationship between 

SD BMI and fat percentage, and actiwatch, self reported level of activity of the Spare time 

questionnaire and Drive for activity questionnaire. For all the groups together a significant 

negative correlation was found between SD BMI and actiwatch score (r = -.54 and p < .001). 

This suggests that lower levels of BMI are related to higher levels of physical activity. Also, a 

negative significant relationship between SD BMI and self reported level of activity measured 

by the Drive for activity questionnaire (r = -.64 and p < .001) existed for all groups. Lower 

SD BMI scores were associated with higher scores on the Drive for activity questionnaire. 

Furthermore, within the AN group a significant negative correlation was found 

between SD BMI and actiwatch score (r = -.42 and p = .032), meaning that AN patients with 

a lower SD BMI displayed a higher level of activity measured by the actiwatch. In the at risk 

group, a positive relation between SD BMI and actiwatch was found (r = .50 and p = .039), 

indicating that for the at risk group the opposite effect was found: a higher SD BMI was 

related to a higher activity level measured by the actiwatch.  

For fat percentage, a negative relationship was found with actiwatch score for all 

groups (r = -.51 and p <.001), indicating that a lower fat percentage is related to a higher 

actiwatch score. For all the groups together, a negative correlation between fat percentage and 

score on the Drive for activity questionnaire (r = -.32 and p = .013) were also found, meaning 

that a lower fat percentage is related to higher scores on the Drive for activity questionnaire. 
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In the AN group, a significant negative correlation is found between fat percentage 

and the actiwatch score (r = -.51 and p = .025) indicating that that a lower fat percentage is 

related to a higher actiwatch score.  

 

EDI 

Table 4 Pearson correlation coefficient (r) and significance level between average EDI score 

and actiwatch score, self reported activity level by the Spare time questionnaire and Drive for 

activity for the three groups 

 

average EDI score 

AN group At risk group Healthy controls 

  R p r p r p 

Actiwatch -.10 .666 .07 .776 -.44 .047* 

Spare time .58 .008* .43 .074 .23 .308 

Drive for 

activity .42 .063 .51 .030* .73 .000* 

* p < 0.05 

 

A Pearson-product moment correlation was also conducted to test the relationship 

between specific eating pathology (average EDI score) and actiwatch score, activity level on 

the Spare time questionnaire and Drive for activity questionnaire. For the AN group, a 

significant positive relationship was found between average EDI score and scores on the 

Spare time questionnaire (r = .58 and p = .008) These results suggest that a higher level of 

subjective hyperactivity is related to more eating pathology in the AN group.  

For the at risk group, a significant positive relationship was found between the average 

EDI score and scores on the Drive for activity questionnaire (r = .51 and p = .030), implying 

that for individuals at risk higher levels of eating pathology go hand in hand with a higher 

drive for activity.  

For the healthy controls, a significant negative relationship was found between 

average EDI score and objective hyperactivity measured by the actiwatch (r = -.44 and p = 

.047). This suggests that for the healthy control group more eating pathology is related to 

lower levels of activity. A positive relationship was found however between average EDI 

score and scores on the Drive for activity questionnaire (r = .73 and p < .001). For the healthy 

controls, more eating pathology is related to a higher drive for activity.  
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To conclude, the results show that AN patients show higher levels of objective 

hyperactivity measured with the actiwatch and self report questionnaires than the control 

groups. Objective hyperactivity measured by the actiwatch is related to a lower weight and fat 

percentage in AN patients. However, for the control groups this relationship is less clear. The 

same is true for hyperactivity measured by the Spare time questionnaire and the Drive for 

activity questionnaire.   
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Discussion 

 

This study found that, conform the first hypothesis, AN patients displayed the highest 

level of objective hyperactivity, measured by an actiwatch. Individuals at risk (ballet dancers) 

displayed a higher level of objective hyperactivity than the healthy controls. This implies that 

according to what was previously presumed, AN patients are hyperactive. The activity level 

of ballet dancers is significantly higher than that of healthy controls, but is not as high at that 

of AN patients.  

For the hyperactivity score measured by the Drive for activity questionnaire, it was 

found that AN patients had a higher score than both the at risk and the healthy control group. 

No difference was found however between the control groups. This drive for activity could 

explain the restless behaviour AN patients often display (Klein et al., 2004). Although AN 

patients are more hyperactive (actiwatch), they still display a higher drive for activity than 

both control groups. This could be seen as the obsessive and compulsive nature of activity 

seen in AN: it is never enough (Davis & Kaptein, 2006). These results support the second 

hypothesis, that AN patients have higher drive for activity than both control groups. 

It was found that AN patients also displayed a higher level of activity than the healthy 

controls, measured by the Spare time questionnaire. No difference was found however 

between the AN and the at risk group, and between the healthy control and the at risk group.  

These results partly confirm the third hypothesis. Solely a difference was found between the 

patient and the healthy control group.  

As was found in a study of Elburg and colleagues (2007), AN patients were unable to 

accurately report on their own hyperactivity. Therefore, in the fourth hypothesis it was stated 

that there was no relationship between the objective hyperactivity and drive for activity and 

activity in spare time for the AN patients. It was suggested that for the control groups a 

relationship between these measurements of hyperactivity would exist; they would be able to 

accurately report on their own hyperactivity. It was found however, that for none of the 

groups a relationship existed between the objective hyperactivity and drive for activity or 

activity in spare time. It seems that it is not possible for adolescents in general to report on 

their own hyperactivity, and that this is not a defect that is a consequence of an eating 

disorder. 

The fifth hypothesis stated that there would be a negative relationship for SD BMI and 

fat percentage with objective hyperactivity among the three groups. More hyperactive patients 

would have lower body weight and fat percentage because of their activity level fosters the 
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burning of calories. Furthermore, hyperactivity is known to be related to more severe AN, and 

weight and fat percentage are the most objective standards for measuring the severity of AN 

(Klein et al., 2004). As objective hyperactivity is unrelated to the two more subjective 

measurements, no relationship between SD BMI and fat percentage was presumed between 

these variables. When all the groups taken together, a negative relationship was found among 

all subjects; a lower SD BMI and lower fat percentage were related to a higher level of 

objective hyperactivity. This effect was however also found for scores on the Drive for 

activity questionnaire; suggesting that for all groups, a lower SD BMI and fat percentage were 

related to a higher score on the Drive for activity questionnaire. Within the AN group it was 

also found that a lower SD BMI and lower fat percentage was related to a higher level of 

objective hyperactivity. This is in line with outcome from previous studies, suggesting that the 

hyperactive patients are indeed the more severe cases of AN, as they are more underweight 

and have lower fat percentages (Klein et al., 2004). For the at risk group the opposite was 

found however: a higher SD BMI score was related to a higher level of objective 

hyperactivity. Fat percentage was however unrelated to objective hyperactivity in this group. 

This suggests that in the at risk group, a higher weight is favourable for the ability be active. 

This could be explained by the assumption that ballet dancers that are more active have 

increased muscle mass, and have higher SD BMI for that reason, and that no relationship 

between objective hyperactivity and SD BMI was found.   

As it is found in previous studies that hyperactivity is related to higher levels of eating 

pathology (Peñas-Lledó et al., 2002; Solenberger, 2001), a positive relationship was presumed 

to be found between average EDI scores and hyperactivity in all three groups. As in these 

previous studies, hyperactivity is most often measured by self report questionnaires, it was 

suggested that the Drive for activity and Spare time questionnaire also were positively related 

to average EDI score. As high activity levels are known to be a predictor for eating pathology 

(Klein et al., 2004), among the control groups these relationships were expected as well. For 

the AN group, a significant positive relationship was found between activity measured by the 

Spare time questionnaire and average EDI score. A marginal significance was also found for 

the Drive for activity questionnaire (p = .063). However, this might be related to the small 

sample size of the study. Actiwatch score was however unrelated to average EDI score, 

implying that self reported levels of hyperactivity is more related to eating pathology than 

objective hyperactivity is. For the at risk group, a positive relationship was found between 

average EDI score and drive for activity, suggesting that a more eating pathology for the at 

risk group goes hand in hand with a higher drive for activity. This could be a predictor for 
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eating pathology: when the already hyperactive ballet dancers still feel a drive for activity, 

they might display more eating pathology, alike of AN patients. A nearly significant 

relationship was also found between average EDI score and activity in spare time (p = .074), 

suggesting marginal significance between eating pathology and activity in spare time as well. 

For the at risk group, a significant negative relationship was found between average EDI score 

and objective hyperactivity. This suggests that the less active, and therefore heavier healthy 

control subjects, have more eating pathology than their more active counterparts. This is 

however an argument against the assumption that among healthy controls a higher activity 

level makes individuals vulnerable for the development of an eating disorder. A positive 

relationship was found between average EDI score and drive for activity, suggesting that 

among healthy controls those with more eating pathology have a higher drive for activity as 

well.  

The results in total indicate that AN patients are hyperactive, measured with different 

tools. AN patients had higher levels hyperactivity measured objectively with an actiwatch, but 

also when measured by the Drive for activity and the Spare time questionnaire. Objective 

hyperactivity is also associated with lower SD BMI and fat percentage in AN patients, 

indicating that it predicts more severity for the somatic aspects of AN. The relationship 

between hyperactivity and severity of eating pathology is less clear. For AN patients, there 

seems to a closer relationship between the self reported levels of hyperactivity, i.e. the Drive 

for activity questionnaire and the Spare time questionnaire, and eating pathology.  

 

The first important distinctive feature of the present study, is the inclusion of two 

control groups; both a healthy control and an at risk group. AN patients are compared to 

healthy controls as well as to individuals at risk on several features. This is not common 

among studies of hyperactivity in AN. The second important distinctive feature is the 

different measurements of hyperactivity. Objective hyperactivity, measured by the actiwatch, 

was included in the study, but also more subjective experienced, as measured by the Drive for 

activity and Spare time questionnaire. This way, it was possible to study the influence of both 

objective and subjective hyperactivity, and compare these results.     

However, there are also some limitations of this study. AN patients were recruited for 

participation of the study at admission to Rintveld. However, not the data of all newly 

admitted patients were included in the study. For instance the alarmingly ill patients that were 

admitted to either a hospital or to the clinic were not included in the study, because their 

inability to move freely at the time of measurement. When their hyperactivity scores were 
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compared to the included patients, they had in fact significantly lower actiwatch score than 

the patients that were allowed to move freely. Apart from the possible explanation that this 

was caused by the fact these patients were not able to move freely, they might also have a 

lower activity level. As it is suggested that hyperactivity fluctuates along the course of AN, 

these inpatient patients might have been so far in their weight loss circle that their activity 

level was as loss as possible. Including these patients in the study could have found that not 

all AN patients are hyperactive. It is however not possible to objectively measure whether 

these patients were hyperactive during another phase of their illness, and this would have to 

be based on self report data.  

At time of admission, patients displaying hyperactivity and an intense fear to gain 

weight are prescribed with the medication zyprexa (olanzapine). These patients are excluded 

from the study as well, as zyprexa, among other purposes, tends to temper hyperactivity 

among AN patients. However, this has the consequence that the most hyperactive patients 

with the greatest anxiety to gain weight were excluded from the study, underestimating the 

true level of hyperactivity for AN patients. When these patients would have been included in 

the present study, but without their prescribed medication, a higher total hyperactivity could 

have been found. Not giving AN patients the beneficial medication would be beneficial for 

research purposes, but an unethical thing to do considering the treatment of AN. Research 

with AN patients can always be confounded in certain ways, because of clinical duty while 

working with severely ill people.  

Including both the hospitalized patients and the patients with prescribed medication 

could give a more wide distribution of hyperactivity, and the possibility to divide patients in 

being either  hyperactive or not.  

 

As different levels of hyperactivity are displayed along the course of AN, patients 

admitted to Rintveld were probably all in different stages of their illness. The most ill patients 

were excluded, because of their admission to either the clinic or the hospital, but apart from 

that, different stages were represented. This might mean that not all patients were at their peak 

activity level during time of measurement. For future research, it could be interesting to 

include the assessment of former hyperactivity into account. That way, highest level of 

hyperactivity could be studied. This would however than have to be done with self-report 

questionnaires, as this is the only way to measure former hyperactivity. Ways would have to 

be found to make this self report as accurate as possible. 
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 Another interesting aspect for future research might be the inclusion of leptin levels 

while studying hyperactivity in AN patients. Leptin is a satiety hormone derived from adipose 

tissue. Levels of leptin correlate with fat percentage, and are known to be extremely low in 

AN patients compared to age- and BMI-matched controls (Hebebrand, 2003). However, leptin 

levels in recently weight recovered AN patients have been found to be higher than that of 

healthy controls, and are thought to contribute to the difficulties with further weight 

restoration and maintenance (Holtkamp et al., 2004). Low leptin levels are also correlated 

with high levels of drive for activity as well as high levels of objective hyperactivity measured 

by the actiwatch. It might be interesting to measure leptin levels AN patients, as well as in the 

control groups to compare these results in combination with the displayed hyperactivity. 

 As participants were to report their drive for activity retrospectively, this could be a 

reason for the fact that no optimal relationship was found between this variable and objective 

hyperactivity. It would be an idea to include self reportages on drive for activity with 

palmtops during the day. The participants would have to  report their drive for activity at that 

moment, and it could be compared to objective hyperactivity (measured by the actiwatch) or 

eating pathology (measured by the palmtops as well), at a certain time. This way, no errors 

due to the retrospective nature of the questionnaire could disturb the relationship. 
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