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CHAPTER I INTRODUCTION

INTRODUCTION

I am obsessed with thoroughly understanding things. As a toddler I would tire my parents with 
ongoing questions. Often dissatisfied with the answer, I would mill over these questions for hours 
at night. Finding an answer felt almost addictive. I stared at a glass of sparkling water, wondering 
how those bubbles emerged “out of the blue”. Or I distrusted individuals who claimed they could 
read in a newspaper that they had become richer overnight (like my grandfather claimed). Only 
years later when I learned about chemical equilibrium or stock indexes, I felt relieved.  Finally, the 
puzzle was solved. It felt right. Nowadays, thanks to Google and Siri, my urge for answers can be 
immediately satisfied. Though there are still a lot of questions that Google nor Siri can answer. 
On top of that, increasing knowledge does not necessarily lead to more answers. Sometimes, I 
feel caught by the old paradox and cliché ‘The more I know, the less I understand’. That is hard for 
someone, who prefers to go on until it feels right.

The fact I started doing research was one of the results of this curiosity. In 2006, I started 
my medical studies at the University of Amsterdam. The standard medical curriculum was pretty 
straightforward. I was a little bored studying the citric-acid-cycle or memorizing all the bones in 
our body. I missed reading papers, discussing matters, developing my own opinion and writing 
skills. I longed to study something more out-of-the box. Since early adolescence, becoming a 
psychiatrist has always had my interest. Studying the (biological) processes that underlay human 
cognition and behavior in combination with working as a medical doctor seemed to me to be the 
ideal job. I was simply fascinated by the outsider of medical sciences. At the end of my freshman 
year I was able to choose my own research project as a part of my studies. At that time a new 
psychiatry professor just started working in the Academical Medical Center (AMC) in Amsterdam. 
He specialized in anxiety- and obsessive-compulsive disorders (see box 1). Or to be correct, he 
specialized in obsessive-compulsive disorder that was classified as an anxiety disorder in DSM-IV 
at the time. We started working together in the light of the upcoming DSM-5 on the contexts and 
differences of obsessive-compulsive and related disorders. From a clinical point of view, we saw 
that the compulsive acts and obsessive thoughts that characterized OCD, could be found in other 
disorders as well as in healthy subjects.1–3 However, very limited research had been done on these 
transdiagnostic symptoms.4,5 We proposed to investigate the presence and impact of obsessions in 
a general population and in various psychiatric disorders using data of the NEMESIS (Netherlands 
Mental Health Survey and Incidence Study) (Chapter II).6–8

In that same year, we noticed OCD patients not only suffered from their disease, but also 
experienced some pleasure.9 They felt rewarded when their kitchen was neatly ordered or 
the living room perfectly cleaned, which was a positive reinforcement of their behavior. The 
symptomatology showed resemblances of an addictive disorder, in which patients craved for illicit 
drugs; and felt rewarded when taking these stimulants.9,10 On the other hand, the end stage of 
addictive disorders resembled the compulsivity that was observed in OCD. In that stage, patients 
just felt forced to buy and take drugs, without the pleasant remuneration.11,12 These similarities 
in phenomenology made us wonder if the co-occurrence of OCD and addictive disorders in the 
general population was higher than the widely established co-occurrence of other psychiatric and 
addictive disorders. We tested this hypothesis in data from the NEMESIS (Chapter III).13 

With the intention to broaden my scientific horizon I studied for several months at the Johns 
Hopkins University in Baltimore, USA in 2010, working together with a professor that specialized in 
both OCD and compulsive hoarding. In hoarding disorder patients experience a persistent difficulty 
discarding objects with little value as a result of a strong perceived need to save these items.14 
Compulsive hoarding had always been the outcast of the OCD subtypes: hoarding behavior was 
often egosyntonic; the effect of standard OCD pharmaco- and cognitive behavioral therapy was 
less; and the supposed neurobiological deficits were different from the other OCD subtypes.14–17 
At that time, many researchers therefore proposed hoarding to be a distinct disorder.17,18 In the 
dawn of the DSM-V-era, we tried to identify specific patterns of cognitive dysfunction associated 
with compulsive hoarding in order to clarify its relationship to OCD (Chapter IV).19 In 2013, when 
DSM-V came out, hoarding disorder was classified as a separate disorder within the section 
obsessive-compulsive and related disorders.20 With an official label in place, more compulsive 
hoarders contacted the AMC psychiatry department for clinical help. One of those patients was 
preoccupied with hoarding of digital pictures, which severely interfered with his daily functioning. 
That specific type had not been described in literature before and we introduced a new subtype: 
digital hoarding (Chapter V).21

I know it is somewhat of a scientific blasphemy, but I would have loved to write my dissertation 
merely on the basis of case-reports. I feel a pang of jealousy when thinking of doctors that lived 
in the nineteenth century. This was the era in which psychiatry started to distinguish itself as a 
medical specialism. Wandering around in the untilled land of mental problems; portraying the 
patients as they speak, behave, dress, and interact. I think that is why I became heavily obsessed 
with the unusual symptomology of a man that presented himself to our AMC department. This 
patient reported that he was obsessed with the idea that his body did not feel right. He had the 
compulsive wish to cut off his left leg, just above his knee, because it ‘did not belong to his body’.  
He told us that he suffered from Body Integrity Identity Disorder or BIID (see box 2). He told us, 
because we had never heard of this bizarre disorder. In 2008, there was only one original research 

Box 1 Obsessive-Compulsive Disorder (OCD) is a disorder that usually arises in late adolescence, it 
affects about one in fifty people in the general population, with no differences in sex distribution.48 
OCD patients typically experience unwanted, persistent thoughts that pop up in patients’ minds and 
cause anxiety or distress: obsessions. In order to neutralize this anxiety the OCD patient has to perform 
repetitive, compulsive acts: compulsions. Important to note is that patients know the ridiculousness of 
these thoughts and acts, even though they feel forced to do so.20 For example, someone who is afraid of 
becoming ill due to germs has to compulsively wash her hands five times after she has touched something 
contagious. Or someone has to color-order his closet precisely until it feels right. To meet the criteria of 
the formal diagnosis of OCD, patients have to spend more than one hour each day on their obsessions and 
compulsions and it must interfere with family, social or work life.49 

Box 2 Body Integrity Identity Disorder (BIID) is an extremely rare and infrequently studied phenomenon, 
in which people either desire to be paralyzed or amputated.47 The underlying motive for this body 
modification is to correct the perceived mismatch between a person’s actual anatomy and their sense 
of body identity.22 BIID individuals do not suffer from delusions or psychosis, and fully understand the 
bizarre nature of their desire. They often avoid healthcare and express their desire by pretending to be 
disabled or by resorting to self-amputation. Due to the secretiveness of the disorder the prevalence is 
unknown. However, several BIID internet-forums with over thousands of members, most of them male, 
suggest that this phenomenon is probably more common than initially thought (Chapter VI).

I
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paper by M. First, that described the features of 52 interviewed patients with BIID.22 All the other 
papers published were either case-reports or ethical papers.23–25 Touched by the shame and 
suffering of these patients and intrigued by the -apparent- simplicity of the complaints combined 
with the complexity of the patients’ preferred treatment, we started studying BIID.

Since BIID was an extremely rare and secretive condition, we decided to reach out to subjects 
via the internet, so they could remain anonymous. Moreover, the internet was a simple way to 
collect data from BIID individuals all over world. Although on BIID-websites a diversity of BIID 
variants had been described, in available scientific literature only the amputation-variant had been 
a point of focus.22,26 Therefore, we decided to include all subjects that experienced a mismatch 
between their mental body-image and physical body shape. In this study, we worked together 
closely with a clinical pediatric geneticist who specialized in studying rare congenital disorders. 
He suggested to collect every (somatic) detail possible, in order to create the most specific BIID 
phenotype possible (Chapter VI).27 Although familial BIID had not yet been described, according to 
the very early onset of the disorder and the fixedness of the feelings, we thought the disorder to 
be congenital.28 Therefore, we collected DNA from the phenotyped BIID subjects that were willing 
to send in their blood steels. Consequently, we initiated molecular studies using next generation 
sequencing techniques. Unfortunately, so far we have not been able to identify any genes related 
to BIID using this technique.

BIID individuals that participated in our first studies almost all appeared to be of Western, 
Caucasian, origin. In addition, most patients were highly educated males. This was in concurrence 
with the report of M. First and all BIID case reports.22,24 It made us wonder whether BIID was a 
Western disease or a ‘disease of civilization’. Or perhaps there was a significant ascertainment bias 
(recruitment via internet, in English language) in our studies. At that time (2011) a Japanese and 
a Chinese psychiatrist were working at our department as research-fellows. Infected by my BIID-
enthusiasm, they started searching in their local language research databases, in order to find any 
BIID (related) cases. Although the cases were sparse, we wrote down the quest of my two Asian 
colleagues (Chapter VII) in order to create awareness of BIID among local health-care workers.29 
We hoped that awareness would lead to acknowledgment and respect for this condition in Asian 
countries. With this goal in mind, I was disappointed that the official journal of the Japanese 
psychiatric society rejected our paper within a day. Maybe the Asian world was not yet ready for 
BIID. 

In the meantime we were curious which neural mechanisms underlay the feeling of limb (dis)
ownership in BIID. At this point in time, brain models of body-ownership were primarily based on 
experiments with healthy individuals and patients with body-ownership problems due to brain 
lesions.30–33 For example, the use of the experimental paradigm ‘the rubber hand illusion’ taught 
us that our sense of body-ownership is flexible.33,34 In that paradigm, a fake hand was perceived 
as one’s own when the actual hand was touched simultaneously with the fake one and only the 
latter was seen.33,34 Apart from studying neural correlates of BIID as possible targets for therapy, 
BIID was also a perfect prototype to study brain regions involved in body-ownership. Given the low 
prevalence, and especially the low prevalence of BIID people that were “out of the closet”, it was 
very hard to include BIID subjects that were willing to come in to our psychiatry lab and participate 
in the MRI study. In the end, we were content including five BIID patients for the fMRI paradigm 
(Chapter VIII) and three more for structural scanning of the brain (Chapter IX).35,36

While we, among our precious BIID colleagues, focused on the neural background of BIID, we 
discovered that we neglected an important phenomenon in BIID: the sexual component.37 This 
was peculiar, because the first one to describe BIID scientifically was a professor in sexology from 

Johns Hopkins University in Baltimore that named the disorder apotemnophilia.38 He stated: “The 
apotemnophilic induces his symptoms (self-amputation) himself for the sake of being an amputee 
and for the sake of erotic arousal, and usually does not repeat self-injury”.38 From a psychodynamic 
view, the amputee’s stump was associated with a large phallus.39 Later on, it was discovered that 
the crucial motivation for body-modification was not the sexual arousal, but to obtain physical 
and mental well-being.22,40 Individuals reported the reason for amputation “to be over-complete 
with four limbs” or “to feel at ease in ones body” and in line with gender identity disorder (gender 
dysphoria), the term BIID was introduced.41 One of the reasons of our neglect might have been 
that we experienced difficulties when speaking with BIID subjects about sexual arousal, related to 
their BIID. It was as if those subjects felt taken more seriously when we spoke about the condition 
in relation to identity or body-ownership. However, after gaining some trust, we discovered that 
in the majority of BIID subjects, sexual arousal did play an important role. Therefore we started 
studying this role of sexual arousal in BIID using the same methods as for the phenomenology 
study (Chapter X).

When we started working on BIID the option of surgery as a possible treatment of BIID was 
inconceivable. However, retrospective reports revealed that psychotherapy, taking antidepressants 
or antipsychotics did not relieve any of their BIID feelings.22,27 Cutting a “healthy limb” appeared 
to be in major conflict with my ethical responsibility as a medical doctor. Slowly, throughout the 
years, it became -for me at least- a more fathomable option. Maybe I deeply connected with 
the suffering of the patients I spoke to. Maybe it was their determinedness that touched me. Or 
maybe it was the happiness and relief of the few patients that self-amputated their legs, that 
convinced me.42 In some way the idea of amputation felt right. On the other hand, it scared the 
hell out of me, because obviously something feeling right is not the same thing as being right. 
What if it was primarily a sexual disorder, to what extent would that influence our thoughts? Or, 
what if their real motivation was to become physically handicapped? We arranged a meeting with 
an ethicist, medical directors, a jurist and a surgeon to share our dilemma.43,44 This discussion was 
summarized in Chapter XI.45 Apart from a Scottish surgeon who amputated two BIID subjects -that 
both were delighted with their new body and life-, no official operation had ever been reported.46 
The Scottish surgeon was barred from continuing by his General Medical Council and no one has 
ever dared to take up where he left off.46

I started this scientific journey following the steps of my professor closely, studying OCD and 
related disorders. I ended my quest - for now - by specializing in a very rare phenomenon named 
BIID. In this thesis I would like to use the knowledge I have gained by studying a very well described 
and studied disorder (obsessive-compulsive disorder) to further think about BIID, that currently is 
not an official disorder at all. Moreover, it is still questionable whether it should be “a disorder”, as 
some BIID individuals prefer to name it a variety of normality. The question is, if BIID is a disorder, 
where should it be classified? Moreover, what do we know about the underlying processes in 
BIID? And íf we would know where BIID fits best, what does it mean for clinical practice? How 
should we continue? Until it feels right?

I
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ABSTRACT

Background This study examines the presence of obsessions in the general population and in 
various psychiatric disorders. Second, the impact of obsessions is studied in terms of general 
functioning and quality of life in the general population.
Methods Data were derived from the Netherlands Mental Health Survey and Incidence Study 
(NEMESIS), a large representative sample of the Dutch population (n=7076). Diagnostic criteria 
were assessed by the Composite International Diagnostic Interview (CIDI). The association of 
quality of life and obsessions on each subject was assessed by using the Short Form-36 Health 
Survey (SF-36) and General Health Questionnaire (GHQ).
Results Obsessions occurred frequently in the general population: the lifetime prevalence of 
obsessions was 5.3% and the 12-month prevalence was 1.7%. Subjects with obsessions scored 
significantly worse (p<0.0001) on all eight dimensions of the SF-36 as well as on the GHQ. When 
controlling for the presence of any mental disorder, the negative association of obsessions and low 
general health and well-being remained significantly intact. In patients with a psychiatric disorder, 
obsessions had a lifetime prevalence of 10.3% and a 12-month prevalence of 6.8%.
Conclusions Obsessions are common phenomena in the general population and are associated 
with decreased functioning in several areas of health and well-being. Furthermore, they occur 
frequently in the presence of various psychiatric disorders. Obsessions should be perceived, similar 
to delusions, as a distinct dimension across psychiatric disorders rather than a mere symptom of 
OCD.

INTRODUCTION

Obsessions are unwanted ideas, images or impulses that repeatedly enter a persons’ mind. 
Although recognized as being self generated, they are experienced as egodystonic (out of 
character, unwanted, and distressing).1 Traditionally, obsessions are perceived as a core symptom 
of obsessive-compulsive disorder (OCD), however, they can be seen in a variety of disorders, as 
well as in healthy individuals. The prevalence and influence of OCD has been extensively studied.2–5 

In contrast, obsessions as a phenomenon in a non-clinical population have hardly been studied. 
The main problems of studying obsessions in non-clinical samples are the definition and the 

criteria used to measure an obsession. Prevalence estimates of obsessions are predominantly 
based on studies that measure intrusive thoughts. Most studies are performed in specific samples 
such as military candidates or undergraduate students, which limits the generazibility.6–8 Intrusive 
thoughts are highly frequent in the general population and resemble obsessions in form and 
content. However, they are less disturbing and intense, more egosystonic, and do not need to be 
neutralized.9,10 Estimates of the population prevalence of obsessions as measured by structured 
interviews are rare because in epidemiological studies often only complete OCD diagnoses 
prevalences are shown. Prevalences vary from 11% (12-month) to 26% (last-month)3,11 in the 
general population and around the 25% in the psychiatric population.11

Since obsessions are such widely prevalent phenomenona both in the general population 
and in psychiatric disorders, it is important to know the impact in terms of general functioning 
and quality of life. Obsessive-compulsive disorder, as well as subclinical OCD, is associated with 
a decreased quality of life.5,12,13 In clinical populations, obsessions have been found to be more 
strongly associated with impaired quality of life than compulsions,2 however opposite results have 
been published as well.4 In the general population, it has been shown that even among people 
without mental disorders, obsessions cause significant interference, although this interference has 
not been measured with specific scales for quality of life.11

In this study, we aim to examine prevalence and impact of obsessions in the general population 
in terms of general functioning and quality of life with validated scales. We intend to complete the 
study by Fullana et al. by using a larger and representative cohort.11 Second, we aim to examine 
prevalence of obsessions in a variety of psychiatric disorders. We hypothesize that obsessions 
occur frequently and have a significant impact on health and functioning. In addition, we expect 
that obsessions do not only occur in the context of OCD but also in other psychiatric disorders.

METHODS

SAMPLE SELECTION
The data were derived from the Netherlands Mental Health Survey and Incidence Study (NEMESIS). 
NEMESIS is a prospective study collecting data in three waves (1996, 1997 and 1999) from a national, 
multistage random sample of municipalities and households (age 18-64) in the Netherlands. The 
analyses presented here are based on data from the first and second wave. At baseline (T0) a total 
of 7076 people were interviewed and the response rate was 69.7%. Of the 7076 persons who had 
participated at T0, 5618 agreed to be reinterviewed at T1 (79.4%). Post stratification weightings 
were administered for degree of urbanization, gender, age and marital status.14 The respondents 
adequately reflected the Dutch population. For more detailed information on the objectives and 
design of NEMESIS, see Bijl et al (1998b).15
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MEASURES
The Composite International Diagnostic Interview (CIDI) 1.1 was used to assess DSM-III-R Axis-1 
criteria for all psychiatric disorders. The CIDI is a reliable and validated, fully structured interview, 
enabling us to make diagnoses according to ICD-10 and DSM-III-R criteria developed by the World 
Health Organization (WHO).16 It is being used worldwide in epidemiological studies.17 DSM-III-R 
and DSM-IV criteria for OCD are generally similar.1,18 All of the interviewers went through a four-day 
training course at the WHO-CIDI training center of the Academic Medical Center in Amsterdam. 

Obsessions: Subjects were included in the group obsessions if they responded ‘yes’ to one of the 
following CIDI questions; i.e. the first questions of the OCD section of the CIDI:
1. I would like to ask you if you ever had unpleasant thoughts, which came up spontaneously and 

persistent against your willingness. For example the persistent concern about contamination 
of your hands due to dirt or bacteria? Did you ever (T0) / in the last 12 months (T1) had these 
unpleasant thoughts, although you knew they were unreasonable?

2. Another example of an unpleasant thought is the persistent concern about harming someone, 
while in reality you would never do that. Also you could be ashamed of some thoughts you 
had; but they kept entering your mind. Did you ever (T0) / in the last 12 months (T1) had these 
unpleasant and persistent thoughts, although you knew they were unreasonable?

The questions above correspond with DSM-III-R criterion A1 for obsessions of OCD, while not 
meeting the full-blown criteria for OCD. In the first wave (T0) lifetime obsessions were used, 
because recency data were only available for full-blown OCD and not for obsessions per se. In 
order to gather 12-month prevalence rates as well, we used data from one year later, the second 
wave (T1) with data for OCD symptoms in the past year.

Psychiatric disorders:The lifetime and 12-month prevalence of mood disorders (major 
depression, bipolar disorder and dysthymia), schizophrenia, eating disorders (anorexia nervosa 
and bulimia nervosa), substance abuse, substance dependence and anxiety disorders (panic 
disorder, agoraphobia, social phobia, simple phobia, generalized anxiety disorder and OCD) 
according to DSM-III-R were based on the CIDI.

Demographic variables: gender, age, employment status, level of education (high or low) and 
cohabitation status (living alone or not).

Functional health and well-being: was assessed at T0 and T1 with the 36-item ‘Short Form-
36 Health Survey’ (SF-36). The SF-36 (alpha=0.88) has eight subscales and is a self-report 
questionnaire on functional health-related quality over the last four weeks.19 A higher score 
indicates better functioning. It was translated and validated for Dutch-speaking residents of the 
Netherlands.20

General health: was assessed at T0 and T1 with the ‘General Health Questionnaire’ (GHQ). The 
GHQ is a self-report questionnaire measuring the perceived severity of mental problems. It 
includes items on ability to sleep and concentrate, happiness, ability to cope with difficulties 
and make decisions, being able to enjoy things and items on self-image. It was translated and 
validated for the Dutch general population.21 A higher score indicates worse conditions.

STATISTICAL ANALYSES
Statistical analyses were conducted using Statistics Package for Social Sciences [SPSS for Windows, 
16.0, 2008]. In order to examine the effect of obsessions on the quality of life a non-parametric 
test (Mann Whitney U test) was used, because of the large difference in group sizes. Because of 
the small sample size for the group with obsessions, Bonferroni’s adjustment was not applied. To 
demonstrate the prevalence rates in the presence of other types of psychopathology, confidence 
intervals were calculated by means of the percentage of subjects with obsessions. To control 
quality of life in obsessions for any mental disorder, linear regression was applied.

RESULTS

DEMOGRAPHICS
At T0, 5.3% of the 7076 subjects (n=372) reported having experienced lifetime obsessions. At T1, 

1.7% of the 5618 subjects (n=97) reported having experienced obsessions in the last year. The 
subjects with obsessions were compared to the subjects without obsessions with regard to 
social demographic variables (Table 1). Employment status, cohabitation status and age differed 
significantly. At T0 subjects with obsessions lived more often alone, were more unemployed and 
were younger. Only the latter two differences were also significant at T1.

GENERAL HEALTH AND WELL-BEING
Table 2 shows the quality of life in subjects with obsessions and in the controls at T0 and T1. Lifetime 
obsessions as well as obsessions in the last twelve months were associated with a significant 
decrease in the quality of life. In all eight dimensions of the SF-36 scale as well as in the GHQ, the 
scores for the group with obsessions were significantly worse than those for the group without 
obsessions. Outcomes for T0 (lifetime prevalence) and T1 (12-month prevalence) were very similar. 
After controlling for any lifetime (T0) or 12-month (T1) mental disorder, the significant differences 
in GHQ scores and SF-36 scores between subjects with obsessions and controls remained intact 
for all items.

T0 Lifetime prevalence T1 12-month prevalence

Subjects with 
obsessions

Subjects without 
obsessions

p Subjects with 
obsessions

Subjects without 
obsessions

p

Demographics %  95% CI % 95% CI % 95% CI % 95% CI

Female 57.5 (52.0-63.0) 53.5 (52.0-54.0)  .10 63.0 (53.0-73.0) 53.0 (52.0-55.0) .06

Employed 54.8 (49.6-60.0) 62.0 (61.1-63.5) <.01 57.7 (47.7-67.7) 68.0 (66.8-69.2) <.05

High level of 
education

24.3 (19.9-28.6) 27.6 (26.5-28.3) .17 23.7 (15.1-32.3) 29.4 (28.2-30.6) .22

Living together 75.5 (71.2-80.0) 81.1 (80.0-82.0) <.01 76.3 (67.7-84.9) 81.7 (80.6-82.7) .18

Mean ages in 
years

38.4 (37.3-39.5) 41.2 (40.9-41.5) <.01 39.1 (36.7-42.4) 42.1 (41.8-42.4) <.05

Table 1. Demographic characteristics of subjects with obsession compared to those without obsessions at T0 
and T1
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FREQUENT OBSESSIONS IN PSYCHIATRIC DISORDERS
Table 3 displays the presence of obsessions in axis-1 diagnoses (lifetime at T0 and 12-month at 
T1). Obsessions occur frequently in various psychiatric disorders. Lifetime rates are higher than 
12-month prevalence rates, although in some cases confidence intervals overlapped. Anxiety 
disorders were split by group because of the high prevalence of obsessions in patients with OCD. 
82 percent of the OCD patients reported having obsessions. The remaining eighteen percent 
reported just having compulsions. Some of the absolute numbers for the less prevalent disorders, 
like schizophrenia and eating disorders, were very low at T1. 
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Table 3. Obsessions in the presence of psychopathology

Disorder  [n T0, T1] Lifetime obsessions at T0  

% (95% CI) [n]

12-month obsessions at T1

% (95% CI) [n]
Total [7076, 5618] 5.3 (4.7-5.8) [372] 1.7 (1.4-2.1) [97]

Total without axis I disorder [2911, 4776] 1.7 (1.3-2.1) [71] 0.8 (0.6-1.0) [40]

Any diagnosis axis I [2911, 841] 10.3 (9.2-11.5) [201] 6.8 (5.1-8.5) [57]

Schizophrenia [26, 5] 30.8 (11.8-49.8) [8] -

Mood disorders [1436, 344] 15.6 (13.7-17.5) [224] 10.5 (7.2-13.7) [36]

Eating disorders [56, 11] 25.0 (13.3-37.7) [14] -

Substance abuse [816, 93] 7.2 (5.4-9.0) [59] 2.9 (0.3-5.4) [5]

Substance dependence [433, 175] 15.9 (12.5-19.4) [69] 8.6 (2.8-14.4) [8]

Any anxiety disorder without OCD  [1408, 409] 13.9 (12.1-15.7) [194] 8.6 (5.8-11.3) [35]

Panic disorder [286, 76] 20.3 (15.6-25.0) [58] 14.5 (6.4-23.0) [11]

Agoraphobia [257, 68] 17.9 (13.2-22.6) [46] 4.4 (0.0-9.4) [3]

Social phobia [575, 130] 18.1 (14.9-21.2) [104] 16.2 (9.7-22.6) [21]

Simple phobia [734, 250] 16.5 (13.8-19.2) [121] 9.6 (5.9-13.3) [24]

Generalized anxiety disorder [170, 29] 14.7 (9.3-20.1) [25] 0.0 (0.0) [0]

Obsessive compulsive disorder [61, 18] 82.0 (72.0-92.0) [50] 88.9 (72.8-100.0) [16]
- = less than 15 subjects

DISCUSSION

This is the first study of the prevalence and impact of obsessions with a standardized validated 
interview (CIDI) in a representative population sample.

To start with, in line with previous epidemiological studies, we found that obsessions, 
as measured by structured clinical interviews, are a common phenomenon in the general 
population.3,11 This study used the original specific CIDI questions that ask for intrusive thoughts, 
which are persistent and unwanted. We found a lifetime prevalence of 5.3% and 12-month 
prevalence 1.7%. The prevalences are lower than in previous studies. In a birth cohort study from 
New Zealand the 12-month prevalence of obsessions laid around 12%. Obsessions were scored 
positive by health-care professionals, if one of the five common types of obsessions from the 
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OCD section of the DIS (Diagnostic Interview Schedule-IV) was present.11 In a Canadian study, 
2,261 participants were interviewed by telephone to examine the prevalence of obsessions 
using a modified version of the CIDI.3 The one-month prevalence of the intrusive thoughts per 
se was 26.3%, when taken into account that the thoughts were foolish and persistence the one-
month prevalence declined to 3%. The differences in prevalences can be attributed mainly to 
the employment of different structured interviews measuring obsessions. In addition, age and 
ethnical background of the subjects at assessment, sample size, and the professional background 
of the interviewers differed as well.3,11

Secondly, findings in this paper show that obsessions occur frequently in the presence of other 
DSM-III-R disorders. This corresponds with earlier results.11 Lifetime prevalence of obsessions was 
highest in subjects with schizophrenia, specific anxiety disorders or eating disorders. 12-month 
prevalences were generally lower, although in some cases the confidence intervals overlapped. 
For schizophrenia and eating disorders, absolute numbers at T1 were very low. Overall, obsessions 
occur frequently in the presence of several axis I disorders. We assume that the obsessions seen 
in other psychiatric disorders might be of a different nature and might be an integrated part of the 
disorder; and therefore the presence of obsessions does not nescessarily lead to the co-morbid 
diagnosis of OCD. Our research supports the hypothesis that obsessions not solely fit with the 
diagnosis obsessive-compulsive disorder, but that they frequently appear in patients diagnosed 
with another psychiatric disorder as well. Obsessions might be seen as a distinct symptom across 
different psychiatric diagnoses, comparable with hallucinations or delusions, rather than as single 
symptom of OCD.

Last, this study supports upcoming evidence that experiencing obsessions interferes with 
daily life. Subjects with lifetime obsessions live alone more often and are less employed than 
subjects without. In addition, the prevalence of obsessions was associated with significant worse 
scores on general health and functioning in all items measured. Even after controlling for any 
psychiatric disorder, the obsessions remained significantly associated with poor functioning. 
Previous research has shown the association between decreased quality of life and obsessive 
and compulsive symptoms.2,5,11–13 However, these studies did not measure the relationship of 
obsessions and quality of life per se, but obsessive-compulsive symptoms together,5,12,13 did not 
use specific scales11 or measured in a clinical population.2 In clinical studies, it has been shown that 
co-morbid obsessive-compulsive symptoms may be a clinical forecaster of a more severe primary 
disorder.22,23 Regarding the possible negative impact of obsessions we suggest that more research 
should be performed on obsessions per se and on the role they play in psychiatric disorders. 
For example, early detection of obsessions in psychiatric patients, might lead to less severity of 
their primary diagnosis. In addition, in future research the causality of the correlation between 
decreased functioning and obsessions may be determined.

The strengths of the current study are the large representative general population sample 
and the use of validated instruments, measured by well trained interviewers. However, there are 
some limitations to the study design that deserve comment. First, it is necessary to be cautious 
about interpreting CIDI items as DSM criteria, especially when lay-men are making the diagnosis 
of ‘obsessions’, using a yes or no format. Furthermore, CIDI does not ask about the content of 
the obsessions. Based on the CIDI results, one can only say something about the presence of 
obsessions, not about the nature. Other instruments might yield different results. However, the 
CIDI has been well validated against other structured interviews. In addition, the CIDI does not 
necessarily catch all obsessions, for example intrusive urges or hoarding behaviors. This could 
underestimate the prevalence of obsessions. Last, in T1, because of the smaller sample size the 

absolute number of some disorders, especially schizophrenia and eating disorders, was too small 
to interpret the outcome.

In conclusion, obsessions occur frequently in the general population. In the NEMESIS sample 
(n=7076), a lifetime prevalence of 5.3% and a 12-month prevalence of 1.7% was found. Obsessions 
are associated with decreased functioning in a broad area of health and well-being, even 
controlled for all DSM-Axis-I disorders. Furthermore, they occur more frequently in the presence 
of various psychiatric disorders. In terms of DSM-V classification, we suggest that obsessions 
should be examined in a broader perspective including genetic vulnerability, etiopathogenesis and 
treatment.
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INTRODUCTION

Obsessive-compulsive disorder (OCD) is characterized by the presence of obsessions, compulsions 
or most commonly both. Obsessions are egodystonic, recurrent and persistent thoughts, impulses 
or images that are experienced as intrusive and may cause anxiety. Compulsions are repetitive 
behaviors or mental acts that the subject feels compelled or forced to do in response to an 
obsession or according to rigid rules.1 In DSM-III-R and DSM-IV, substance use disorders (SUDs) 
are characterized by a maladaptive pattern of substance use, leading to clinically significant 
impairment or distress.1 In ICD-10, craving is an additional symptom, indicating the (obsessive) 
urge, strong desire or sense of compulsion to take the drug.2 Craving is also a proposed new 
criterion for a substance use disorder in DSM-V.3

OCD and SUD have an overlapping phenomenology. Although obsessions and compulsions 
are not present in SUD, one can easily recognize obsessionality and compulsivity in addiction 
resembling OCD. Patients with addiction are obsessed with their drugs and feel compelled to take 
them. In general, OCD patients obsess about something they fear or perceive as unpleasant, while 
subjects with SUD obsess about something that is experienced as pleasant (e.g. rush). It should 
be noted, however, that in both disorders ambivalence about these thoughts may be present at 
the same time.4 Obsessive thinking in OCD is largely egodystonic, whereas in SUD it is generally 
egosystonic. Nevertheless in both disorders, obsessionality and compulsivity causes distress. The 
OCD patient diminishes anxiety and stress by repeated compulsive behaviors or mental acts; the 
SUD patient by obtaining money and using drugs. More recently the later stages of SUD have been 
conceptualized as compulsive drug-seeking (e.g.5,6). In SUD patients these compulsive behaviors 
(drug-taking) are often related to the obsession (craving) and can either provide direct pleasure 
(reward craving leading to drug use as positive reinforcement) or serve the resolution of a negative 
mood state (relief craving leading to drug use as negative reinforcement).7 In OCD patients, 
compulsions generally represent an attempt to relieve anxiety (negative reinforcement), although 
it cannot be excluded that they also experience some pleasure (positive reinforcement) from their 
habitual actions that unfortunately end in compulsive behavior.

One of the most frequently quoted brain models of addiction shows the development over 
time from cognitions and behaviors mainly based on positive reinforcement processes into 
cognitions and behaviors mainly motivated by negative reinforcement.8,9 Addiction starts with 
positive reinforcement, characterized by reward deficiency (anhedonia) and a search for positive 
reward in combination with impulsivity, and then tends to move to negative reinforcement that is 
derived from a further decrease in brain reward circuit activity in combination with an increase in 
compulsivity.10 The transition from impulsivity to compulsivity has been confirmed in experimental 
animal research, in which high impulsivity in rats predicted the transition from controlled to 
compulsive drug-taking.5 This compulsive end stage of addiction may resemble the compulsivity 
in obsessive-compulsive disorder. Moreover, in full-blown addiction, loss of function occurs in the 
frontal cortex systems that control executive function, contributing to poor decision-making and 
gain of function in the brain stress systems.9,10 Similar deficits are seen in obsessive-compulsive 
disorder.11,12

There is extensive literature showing high levels of psychiatric co-morbidity in people with SUD, 
both in the general population and in treatment-seeking populations13–16 and especially in anxiety 
disorder populations.17–19 However, much less is known about the specific association between 
SUD and OCD. Prevalence rates vary due to differences in sampling methods. In general population 
studies in the United States and Great Britain the percentage of OCD cases with comorbid SUD is 

ABSTRACT

Aim Very little is known about the relationship between obsessive-compulsive disorder (OCD) and 
substance use disorder (SUD). The aim of this study is to compare the co-occurrence of OCD with 
SUD to the co-occurrence of SUD with other psychiatric disorders in a representative community 
sample.
Design In order to examine the association of SUD and OCD, logistic regression analyses were 
used generating odds ratios and 95% confidence intervals for life-time prevalence and 12-month 
prevalence.
Setting and participants Cross-sectional data were derived from the Netherlands Mental Health 
Survey and Incidence Study (NEMESIS), a large representative sample of the Dutch population 
(n=7076).
Measurements The Composite International Diagnostic Interview (CIDI) 1.1 was used to assess 
Diagnostic and Statistical manual of Mental Disorders Axis 1 criteria for psychiatric disorders.
Findings The life-time and 12-months odds of being diagnosed with SUD in subjects with OCD are 
significantly higher than the odds of SUD for people without a psychiatric disorder. In men, the 
co-occurrence of substance dependence and OCD is significantly higher than the co-occurrence 
of substance dependence and other psychiatric disorders, whereas in women this co-occurrence 
does not differ significantly. 
Conclusions The co-occurrence of substance dependence in obsessive-compulsive disorder is 
higher than the co-occurrence of substance dependence in other non-obsessive-compulsive DSM 
disorders, especially in men.
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possibly substance abuse or dependence (including alcohol, excluding nicotine). Subjects were 
included in the DSM non OCD group if they fulfilled the DSM-III-R criteria of at least one psychiatric 
disorder and possibly substance abuse or dependence but did not fulfill the DSM-III-R criteria 
for OCD, i.e. mood disorders (major depression, bipolar disorder and dysthymia), schizophrenia, 
eating disorders (anorexia nervosa and bulimia nervosa), and anxiety disorders (panic disorder, 
agoraphobia, social phobia, simple phobia, generalized anxiety disorder). Last, participants 
fulfilling the DSM-III-R criteria of OCD with or without co-occurring SUD were included in the 
OCD group. Other co-morbid DSM-III-R diagnoses were allowed as well. Substance use disorder is 
defined as fulfilling the DSM-III-R criteria for substance dependence or substance abuse (including 
alcohol, excluding nicotine).

STATISTICAL ANALYSES
Predictive Analytic Software (PASW) for Windows version 18.0 was used to conduct the analyses 
[SPSS inc, Chicago, IL, USA, 2010].  In order to examine the association of SUD and OCD logistic 
regression analysis was used generating odds ratios (OR) and 95% confidence intervals (CIs). 
Analyses were stratified by gender. To prevent selection bias and improve generalizability of the 
results to the general Dutch population, weighted data were used in the analyses. Based on post-
stratification, a weighting factor was constructed to correct for different response rates in the 
different strata, which enabled us to generalize the results to the general population. The following 
population characteristics from 1996 obtained from Statistics Netherlands were used to define the 
following strata: sex, age, marital status (five categories) and urbanization (five categories) (see 
elsewhere35).

RESULTS

SAMPLE
The non-weighted sample consisted of 7076 individuals with a mean age of 41.2 years (range 
18-64) and 53.4% (standard deviation 5.0) women. The total numbers of SUD, SA, SD and OCD in 
the population are displayed in Table 1. The actual observed number of respondents on which all 
analyses were based are displayed in Table 2 stratified by gender.

17.6-26.5% for drug abuse/dependence20–22, 24.1-38.6% for alcohol abuse/dependence20–23, and 
38.6% for substance use in general.21 SUD life-time prevalence rates among individuals receiving 
treatment for OCD range from 9.8% to 26.9%.24–28

Even less is known about the association of OCD and SUD compared to the association between 
other psychiatric disorders and SUD. As the onset of OCD generally precedes the onset of SUD,14 
the aim of the present study is to investigate the co-occurrence of OCD with SUD compared to the 
co-occurrence of SUD with other internalizing psychiatric disorders that are assumed to generally 
follow the onset of SUD (e.g. depression29). Because gender differences are common in substance 
use disorder, analyses will be stratified by gender.30,31 As drugs may be used as self-medication 
for psychiatric disorders,32,33 we hypothesize that the likelihood of the co-occurrence is higher 
in subjects with OCD than in subjects without any psychiatric disorder. Secondly, based on the 
presented similarities in phenomenology and neurobiology, we hypothesize that substance use 
disorders in general (abuse and dependence) are associated with OCD, but that this association 
is more pronounced in substance dependence, since pre-clinical and clinical research5,6 has 
demonstrated that the end stage of substance use disorder (dependence) results in compulsivity 
which resembles OCD. We are aware that some of the misuse criteria seem to represent a more 
severe level of substance abuse than some of the dependence criteria, and we also know that not 
all patients with substance abuse will ultimately develop substance dependence, but there are 
clear indications that substance dependence represents a more serious and generally later stage 
of substance use problems than substance abuse.9,34

METHODS

SAMPLE SELECTION
Data are derived from the Netherlands Mental Health Survey and Incidence Study (NEMESIS). 
NEMESIS is a nationally prospective study, with repeated measurements in 1996, 1997 and 1999 
from a national, multistage random sample of municipalities and households (age 18-64) in the 
Netherlands. The analyses presented here are based on data from the first measurement in 1996. 
A total of 7076 people were interviewed and the response rate was 69.7%. The respondents 
adequately reflected the Dutch population with regard to civil status, sex, and urbanicity. For more 
detailed information on the objectives and design of NEMESIS, see further.35

PSYCHIATRIC DISORDERS
The World Health Organization (WHO) Composite International Diagnostic Interview (CIDI) 1.1 
was used to assess Diagnostic and Statistical manual of Mental Disorders (DSM) Axis 1 criteria 
for all psychiatric disorders. The CIDI is a fully structured interview based on the Present State 
Examination and the Diagnostic Interview Schedule. The CIDI has good test-re-test reliability36 and 
validity37 for all psychiatric disorders that were examined in NEMESIS. The CIDI was developed by 
the WHO and it is being used world-wide in epidemiological studies.38 All interviewers underwent 
a four-day training course at the WHO-CIDI training center of the Academic Medical Center in 
Amsterdam.

NEMESIS participants were classified in three mutually exclusive subgroups: No DSM-III-R 
disorder; DSM-III-R disorder but no DSM-III-R OCD and DSM-III-R OCD. The classification was 
based on 12-month prevalence and life-time prevalence data. Participants were included in the 
non DSM group if they did not fulfill the DSM-III-R criteria of any psychiatric disorder except 

Table 1. Total numbers of substance use disorder (SUD), substance abuse, substance dependence and 
obsessive-compulsive disorder (OCD), stratified by gender (non-weighted data).

men (3299) women (3777)

Life-time 12-Month Life-time 12-Month

Any SUD 925 (28.0%) 415 (12.6%) 272 (7.2%) 118 (3.1%)

Substance Abuse 651 (19.7%) 227 (6.9%) 165 (4.4%) 59 (1.6%)

Substance Dependence 316 (9.6%) 200 (6.1%) 117 (3.1%) 62 (1.6%)

OCD 29 (0.9%) 24 (0.7%) 32 (0.9%) 16 (0.4%)
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significance (men OR 1.78, 95%CI 0.89-3.58; women OR 2.06, 95%CI 0.86-4.93). The effect of OCD 
on SUD was stronger for women than for men (group by gender interaction p<0.001). 12-month 
data showed comparable associations between OCD and SUD. Due to the low prevalence of OCD 
in the general population the OCD group was relatively small, resulting in large standard errors and 
overlapping prevalence confidence intervals for the DSM non-OCD and the OCD groups. However, 
considering the power issue, the data were suggestive for OCD to result in higher odds of a SUD 
diagnosis than in other psychiatric disorders.

RELATION OCD WITH SUBSTANCE ABUSE (SA) AND SUBSTANCE DEPENDENCE (SD)  
Next we assessed the relationship between OCD and SUDs separately for SD and SA (Table 4). The 
odds of being diagnosed with SA was significantly higher for women with OCD than for women 
without a psychiatric diagnosis using life-time prevalence, whereas this was not in men (group by 
gender interaction p<0.001).

The relation between SD and OCD showed a different picture (Table 4). In life-time as well as 
12-month data the odds of being diagnosed with SD was significantly higher for people with OCD 
than for people without a psychiatric diagnosis in men and women. For men, the difference in 
odds for SD between those with OCD and those with other psychiatric disorders reached statistical 
significance: life-time prevalence (OR 3.06 95%CI 1.49-6.25) and 12-month prevalence (OR 2.87 
95%CI 1.04-7.99), whereas this was not the case in women.

RELATION OF OCD AND SUD 
In Table 3 both life-time prevalence and 12-month prevalence of any SUD for the three diagnostic 
groups are presented stratified by gender. In all diagnostic groups both life-time prevalence and 
12-month prevalence of SUD were substantially higher in men than in women. For both men 
and women life-time prevalence and 12-month prevalence for SUD seemed to be lowest in the 
non-DSM group. The prevalence was substantially higher in the group with any DSM-disorder 
(excluding OCD), and was highest in the OCD group. Table 3 suggested an increased risk for SUD 
among people suffering from OCD. This relation appeared to be stronger in women.

To formally test the relationship between OCD and SUD, logistic regression analyses were used 
(Table 4). Using life-time data for both genders, the odds of being diagnosed with SUD in subjects 
with OCD was substantially and significantly higher than the odds for people without a psychiatric 
disorder (men OR 3.32, 95%CI 1.67-6.61; women OR 7.52, 95%CI 3.11-18.18). Moreover, subjects 
with OCD also had higher odds of being diagnosed with SUD than people suffering from other non-
OCD psychiatric disorders. However, these differences were smaller and did not reach statistical 

Table 2. Distribution of any substance use disorder (SUD) over the three categories stratified by gender (non-
weighted data)

men (3299) women (3777)

Life-time 12-Month Life-time 12-Month

Non DSM 2559 2903 2329 2950

DSM non OCD 711 379 1416 811

OCD 29 17 32 16

Table 3. Prevalence [95% confidence interval (CI)] of any substance use disorder (SUD), substance abuse and 
substance dependence stratified by gender (weighted data)

men (3590) women (3501)

Life-time 
prevalence 
% (95% CI)

12-Month 
prevalence 
% (95% CI)

Life-time 
prevalence 
% (95% CI)

12-Month 
prevalence 
% (95% CI)

Any SUD

- Non DSM 26.6 (25.0-28.2) 13.1 (11.9-14.3) 3.9 (3.1-4.7) 2.2 (1.6-2.8)

- DSM non OCD 40.3 (36.8-43.9) 21.5 (17.6-25.4) 13.0 (11.2-14.7) 8.1 (6.1-10.1)

- OCD 54.6 (37.4-71.8) 36.1 (13.6-58.6) 23.5 (7.8-39.2) 11.5 (0.0-28.9)

Substance abuse

- Non DSM 20.1 (18.5-21.7)   7.8 (6.8-8.8)   2.5 (1.9-3.1)   1.3 (0.9-1.7)

- DSM non OCD 24.3 (21.2-27.4)   7.8 (5.3-10.3)   7.7 (6.3-9.1)   4.0 (2.6-5.4)

- OCD 19.8 (12.8-26.8) 11.6 (0.0-26.7) 13.9 (1.2-26.6)   5.1 (0.0-17.1)

Substance dependence

- Non DSM   7.6 (6.6-8.6)   5.7 (4.9-6.5)   1.6 (1.0-2.2)   1.0 (0.6-1.4)

- DSM non OCD 18.7 (16.0-21.4) 13.8 (10.5-17.1)   5.7 (4.3-7.1)   4.0 (2.6-5.4)

- OCD 41.3 (24.2-58.4) 31.6 (9.8-53.4) 12.0 (0.0-24.0) 11.5 (0.0-28.9)

Table 4. Effect of obsessive-compulsive disorder (OCD)  [odds ratio (OR) 95% confidence interval (CI)] on the 
likelihood for substance use disorder (SUD); substance abuse and substance dependence (weighted data)

Life-time 12-Month 

men women men women

Any substance use 
disorder

OCD vs non DSM 3.32 (1.67 – 6.61) 7.52  (3.11 – 18.18) 3.75 (1.44 – 9.75) 5.67 (1.06 – 30.46)

OCD vs DSM non OCD 1.78 (0.89 – 3.58) 2.06  (0.86 – 4.93) 2.06 (0.77 – 5.47) 1.48 (0.27 – 7.94)

p<0.001 p<0.001 p<0.001 p<0.001

group x gender interaction  p<0.001 group x gender interaction  p<0.01

Substance abuse

OCD vs non DSM 0.98 (0.41 – 2.31) 6.28 (2.13 – 18.55) 1.54 (0.57 – 6.46) 4.07 (0.36 – 46.28)

OCD vs DSM non OCD 0.77 (0.32 – 1.83) 1.93 (0.66 – 5.62) 1.56 (0.36 – 6.76) 1.28 (0.11 - 14.71)

p=0.044 p<0.001 p=0.836 p<0.001

group x gender interaction  p<0.001 group x gender interaction  p<0.001

Substance dependence

OCD vs non DSM 8.51 (4.20 – 17.23) 8.36 (2.61 – 28.81) 7.55 (2.79 – 20.38) 12.33 (2.25 – 67.69)

OCD vs DSM non OCD 3.06 (1.49 – 6.25) 2.25 (0.72 – 7.09) 2.87 (1.04 – 7.99) 3.08 (0.56 – 16.95)

p<0.001 p<0.001 p<0.001 p<0.001

group x gender interaction  p=0.477 group x gender interaction  p=0.377

Logistic regression analysis dependent variable any SUD, substance abuse and substance dependence, respectively, indepen-
dent variables group (non DSM, DSM non OCD, OCD), gender and group x gender interaction
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defined as the repetitive, irresistible urge to perform a behavior and is probably due to a defect in 
the reward circuitry.9,10,39 The current findings seem to represent the fact that the compulsive end 
stage of addiction (dependence) might resemble phenomenologically the compulsive behavior in 
OCD. Our study confirms that especially life-time and 12-month substance dependence (the end 
stage of excessively using drugs or alcohol) is related to OCD (significantly in men, trend in women). 
This is consistent with the findings of Torres et al. who found alcohol and drug dependence to 
have a stronger relation with OCD than with other anxiety disorders, whereas this was not the 
case with substance abuse.23 The presence of a common vulnerability or a similar neurobiological 
underpinning of OCD and substance dependence was illustrated by a recent case study using 
nucleus accumbens (NAc) Deep Brain Stimulation (DBS). The study reported unintended, effortless 
smoking cessation in a nicotine-dependent patient treated with NAc DBS for treatment-resistant 
OCD.40

It has been suggested that compulsivity is related to the brain reward system in which dopamine 
plays an important role. Reduced availability of dopamine receptors, especially D2 receptors, in the 
striatum has been shown to correlate with increased compulsivity in substance use disorders.5,41–44 
Moreover, similar processes have been seen in so-called behavioral addictions like pathological 
gambling45,46 and obesity.47 Similary, a recent study has shown decreased baseline [11C]raclopride 
binding to striatal D2/3 receptors in OCD patients48 supporting the hypothesis of dopaminergic 
dysfunction and decreased receptor density in OCD.49,50 The overlap of decreased dopamine 
receptor density in addiction as well in OCD strengthens the idea of a common vulnerability.51 
Further research is needed to substantiate this hypothesis, since phenomenological resemblances 
between disorders do not necessarily reflect neurobiological communalities.

The strengths of the current study are the large representative general population sample and 
the use of validated instruments, administered by well-trained interviewers. However, there are 
also some limitations to the study design that deserve comment. First, because OCD is a relatively 
rare disorder, even with the large sample size of NEMESIS, conclusions about the relation between 
OCD and SUD in the general population are based on relatively small numbers, especially when 
stratified by gender. Secondly, the OCD section of CIDI has limitations, in that it is necessary to be 
cautious about interpreting CIDI items as DSM criteria. Other instruments might yield different 
results. However, the CIDI has been well validated against other structured interviews. In addition, 
the CIDI does not necessarily catch all obsessions, for example intrusive urges or hoarding 
behaviors. This could underestimate the prevalence of obsessions. Fourthly, the relatively small 
numbers precluded the adjustment of the observed relationships for potential confounders 
(with the exception of gender through stratification). Fifthly, only internalizing Axis I disorders 
are considered as comorbid disorders. As SUD is highly co-morbid with externalizing disorders; 
this might have underestimated the co-occurrence of psychiatric disorders and SUD (e.g.52,53). In 
addition, the CIDI 1.1 assesses only internalizing disorders and none of the externalizing disorders 
other than SUD (e.g. adult ADHD). Lastly, the current study did not distinguish between various 
SUDs due to power issues. In the NESARC study18 the co-occurrence of drug use disorders and 
anxiety disorders was higher than for alcohol use disorders. Given the strong similarities in design 
between the NESARC and the NEMESIS study, we hypothesize that the strong association between 
SD and OCD in the current study is largely due to the relative association between OCD and drug 
use disorders.

In summary, this representative community study showed that the probability of life-time co-
occurrence of SD in OCD is higher than in other internalizing DSM disorders, especially in men. 
These epidemiological data support the idea that substance use disorders, especially SD, and 

DISCUSSION

To the best of our knowledge, this is the first study examining the association between OCD 
and SUD, SA and SD in a carefully conducted representative general population study stratified 
by gender. Several conclusions can be drawn. First, the life-time and 12-month odds of being 
diagnosed with SUD in subjects with OCD are significantly higher than the odds of SUD for people 
without a psychiatric disorder. Secondly, when considering the individual diagnoses, it is concluded 
that in men the co-occurrence of SD and OCD is significantly higher than the co-occurrence of SD 
and other psychiatric disorders, in life-time as well as 12-month data, whereas this is not the case 
in women. 

The life-time presence of SUD is higher when being diagnosed with a life-time presence of any 
DSM disorder (excluding OCD) and the life-time presence of OCD. This is consistent with previous 
studies.13,15,23 The absolute prevalences are difficult to compare with other studies, due to the use 
of different diagnostic categories and the failure of many studies to stratify by gender. The 54.6% 
life-time prevalence of any substance use disorder in men and the 23.5% in women among OCD 
are comparable with a recent general population study from the United States reporting life-time 
prevalence of any substance use disorder of 38.5%.21 In two population studies, life-time SD is 
estimated around 14%.21,23 This is lower than the 41.3% of SD in men and higher than the 12.0% 
in women found in the present study. However, the current study stratified the sample by gender 
and included alcohol dependence whereas the other studies did not.

Overall the absolute life-time and 12-month prevalences of SUD, SA and SD in all groups are 
higher in men than in women. These findings are consistent with previous research.30,31 Noticeable, 
the life-time co-occurrence of OCD and SA is only higher in women. A possible explanation might 
be that men show SA-like behaviors relatively frequently even if they have no (psychiatric) 
problems, whereas women generally do not show SA-like behaviors, but only when they have 
(serious) problems or when there is (serious) psychopathology.

We could not confirm our hypothesis that life-time/12-month OCD/SUD co-occurrence is 
significantly higher than other life-time/12-month co-occurrence of SUD with other DSM disorders. 
However, there was a trend in the expected direction and the lack of a significant difference is 
likely to result from the low prevalence of OCD in the general population. A similar trend was 
recently found in a large community study in American adolescents examining the co-occurrence 
of SUD and anxiety disorders.19 In this study, OCD was the anxiety disorder showing the most 
consistent association with SUD among girls. Another large population study found higher alcohol 
dependence, tobacco use, and drug dependence in the OCD group compared to the group with 
other neuroses.23 However, the difference was only significant for alcohol dependence. In order 
to solve the power problem, additional studies are needed using enriched community samples or 
treatment-seeking populations.

The finding that the odds of being diagnosed with SUD in subjects with OCD is significantly 
higher than the odds for people without a psychiatric disorder (in life-time as well as 12-month 
data), agrees with data from the National Epidemiologic Survey on Alcohol Related Conditions 
(NESARC) study,18 in which positive associations with anxiety disorders and substance use disorders 
were found. The 12-months odds ratios of SUDs and anxiety disorders in the NESARC study vary 
between 1.6 and 3.1, which is lower than odds ratios of SUDs and OCD that we found in our study. 
This confirms our hypothesis that apart from being an anxiety disorder, OCD seems to have a 
special relationship with SUDs.

As suggested in the Introduction, OCD and SUD are both compulsive disorders. Compulsivity is 
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ABSTRACT

The aim of this study is to determine whether neurocognitive performance distinguishes individuals 
with Compulsive Hoarding (CH) from those with obsessive-compulsive disorder (OCD). Compared 
to control subjects, OCD patients and CHs scored significantly worse on the Serial Reaction Time 
Task suggesting disturbed implicit memory in both patient groups. On the Iowa Gambling Task, 
an overall learning progression difference over time was found between the CHs, OCD group, 
and control subjects, suggesting differences in decision-making between the groups. The groups 
did not differ in performance on the Stop Signal Reaction Time Task (motor inhibition). This study 
found evidence for impaired implicit memory in CHs, but also in OCD patients, albeit less severe. 
There was evidence that OCD patients learned more slowly on a decision making task than CHs 
and control subjects. This latter finding provides some evidence to suggest that CH and OCD have, 
at least on this one measure, differing cognitive substrates.

INTRODUCTION

Compulsive hoarding (CH) is characterized by accumulation of an excessive number of objects due 
to an inability to discard things of little value. This results in cluttered living and working spaces, 
often preventing their appropriate use.1 CH is a debilitating condition associated with substantial 
occupational and social impairment, and poses a serious threat to health and safety of household 
residents.2 The DSM-V Task Force has questioned whether this condition should be considered 
part of a broad definition of obsessive-compulsive disorder (OCD) or should be considered a 
distinct disorder.3 On the one hand, CH is often associated with OCD. About 20 to 40% of OCD 
patients report hoarding obsessions and compulsions, suggesting that it could be considered a 
symptom of OCD.4–6 On the other hand, hoarding is the major symptom in fewer than five percent 
of these cases.7,8 Moreover, CH is often present in psychiatric disorders other than OCD,9 and often 
in the absence of any other psychiatric disorder.10

Identifying the specific pattern of cognitive dysfunction associated with compulsive hoarding 
would be useful in determining its relationship to OCD as well as deriving a fuller understanding of 
the basis of compulsive hoarding.  Frost and Hartl proposed that deficits in information processing, 
such as difficulties with categorization, memory, attention, and decision-making are fundamental 
features of CHs.1 Results from several recent studies indicate that hoarding individuals perform 
more poorly than non-clinical control subjects on neurocognitive tests assessing copy organization, 
visual and verbal recall, attention, implicit learning, planning and problem solving. Hartl et al. 
found that CHs had poorer delayed visual and verbal recall, and used less effective organizational 
strategies, compared to non-clinical control subjects.11 Grisham et al. found that CHs performed 
more poorly on tests of spatial attention, working memory, and sustained attention than did clinical 
and non-clinical control subjects.12 More recently, Grisham et al. found that CHs performed more 
poorly on planning and problem solving tasks than control groups.13 Among individuals with OCD, 
Lawrence et al. found that higher scores on a hoarding symptom dimension are inversely related 
to performance on decision-making, as assessed with the Iowa Gambling Task,14 and Goldman et 
al. found procedural learning impairment in an OCD hoarding subgroup.15

However, none of these studies directly compared CHs, OCD patients without hoarding, and 
control subjects. Therefore, we investigated three neuropsychological functions in these three 
groups. Given prior findings on impaired decision-making and implicit memory in CH, we used 
the Iowa Gambling Task (IGT) and Serial Reaction Time Task (SRTT) to assess these domains, 
respectively. We also used the Stop Signal Reaction Time Task (SSRTT) to evaluate motor inhibition, 
which has been reported to be impaired in contamination and checking (but not hoarding) subtypes 
of OCD.16 We attempted to clarify and confirm the evidence found for impaired decision making 
and implicit memory in compulsive hoarding CH. In addition, we explored motor inhibition, as a 
recent study has shown that motor inhibition is impaired in the OCD contamination and checking 
subtypes.16 Based on the literature, we hypothesized that impaired decision-making and disturbed 
implicit memory, but not impaired motor inhibition, would differentiate individuals with CH and 
OCD.
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METHODS

PARTICIPANTS
The CH group (n=24) was recruited from the Johns Hopkins Hospital Outpatient Psychiatry OCD 
clinic (n=15) and by advertisements (n=9). Since no DSM-IV criteria exist for CH, subjects were 
diagnosed as CHs based on a clinical interview to the presence of substantial clutter in their houses 
and difficulty discarding useless items. The Savings Inventory-Revised (SI-R)17 was used to confirm 
the CH diagnosis. A score of minimum 29 was suggestive for clinical hoarding.17 Because hoarding 
was the main focus of interest, psychiatric comorbidity (including OCD) was permitted. Co-morbid 
diagnoses for patients of the outpatient clinic were made by experienced psychiatrists according 
to DSM-IV; the diagnoses in the nine remaining hoarders were made based on self-reported 
psychiatric history. Seven CHs had no lifetime co-morbidity; the others met criteria for: past major 
depressive disorder (n=11), OCD (n=14), attention hyperactive deficit disorder (ADHD) (n=7) and 
generalized anxiety disorder (n=1). Eleven CHs were medication free, the others were prescribed 
serotonin reuptake inhibitors (SRI) (n=4), tricyclic antidepressants (TCA) (n=1), SRI + antipsychotics 
(AP) (n=3), SRI + bupropion (n=2), MAO inhibitors (MAO) (n=1), SRI + anticonvulsants (n=1) or SRI 
+ psychostimulants (n=1).

The OCD-non hoarding group (OCD group) (n=17) consisted of individuals diagnosed with 
OCD, but without any hoarding symptoms. All patients were recruited from the Johns Hopkins 
Hospital Outpatient Psychiatry OCD clinic and diagnoses were made according to the DSM-IV 
by experienced psychiatrists. 10 OCD patients had suffered from a depression in the past, 1 had 
been diagnosed with an eating disorder and 1 with attention deficit disorder (ADD). 16 of the 17 
patients were on medication during the study, including SRI (n=8), SRI + AP (n=4), SRI + bupropion 
(n=3) or lithium + AP (n=1). 

Control participants (n=19) were recruited through advertisements at the Johns Hopkins 
Medical Institutions area. The control group was recruited to be similar to the clinical groups with 
respect to age, sex, education level, and verbal IQ. Control subjects were not allowed to have any 
psychiatric disorder or any hoarding symptoms. They had to score lower than 14 on the Obsessive-
Compulsive Inventory-Revised (OCI-R),18 to rule out OCD and lower than 24 on the Savings 
Inventory-Revised (SI-R) to rule out hoarding.17 Based on the self-report and the scales mentioned, 
none of the control participants had a psychiatric disorder and none were on medication during 
the study.

Exclusion criteria for all participants included neurological disorders, psychoses, schizophrenia, 
and substance abuse. Furthermore, participants had to be native English-speakers to ensure that 
they could complete the test that estimates verbal intelligence.

PROCEDURE
OCD and hoarding participants were referred by psychiatrists if they met the inclusion criteria 
and did not meet any of the exclusion criteria. Participants who responded on the announcement 
were invited to participate if they did not meet any of the exclusion criteria. During the testing 
procedure, participants completed a self-report questionnaire that recorded demographic 
information, medical, and psychiatric history. The SI-R and the verbal IQ test were completed by all 
participants, and the control subjects completed the OCI-R. The cognitive tasks were administered 
in counterbalanced order in a quiet room. The study was approved by the Institutional Review 
Board of Johns Hopkins Medical Institutions. Written informed consent was obtained from each 
participant, after a full explanation of the procedures. All participants received twenty dollars 
remuneration.

MEASURES

Obsessive-compulsive symptoms
The Obsessive-Compulsive Inventory-Revised (OCI-R) was used to screen for obsessive-compulsive 
symptoms in community subjects.18 The OCI-R is an 18-item self-report measure that assesses 
symptoms of obsessive-compulsive disorder. The scale has good test-retest reliability (r=0.70-
0.91) and internal consistency (α=0.81-0.88) and discriminates between patients with and without 
OCD.18,19

Hoarding symptoms
The 23-item Saving Inventory-Revised (SI-R)17 was used to assess hoarding symptoms. The test 
has good internal consistency (α=0.92), test-retest reliability (r=0.87) and is useful to distinguish 
compulsive hoarding from non-hoarding individuals. 

Verbal intelligence
The Vocabulary Scale from the Shipley-2 was used to estimate verbal intelligence.20 The scale 
consists of forty multiple-choice items. It requires the subjects to choose the best synonym from 
among four options.

NEUROPSYCHOLOGICAL TESTING

Serial Reaction Time Task (SRTT)21

Participants respond to visual cues (flashing boxes) on a screen by pressing one of four buttons that 
corresponds to the location of the cue. The SRTT consists of three blocks each of two conditions, a 
baseline (BL) and an implicit learning condition (IL). The BL condition includes 24 trials of pseudo-
randomly distributed visual cues with the only rule being that no location is immediately repeated. 
In the IL condition, the stimuli follow a predetermined 12-item sequence that is repeated six 
times throughout the condition, resulting in 72 trials. The mean reaction time in milliseconds is 
measured for each condition. Each participant performs an initial practice run of one minute of 
pseudo-randomized trials followed by the experimental run.

Iowa Gambling Task (IGT)
The computerized version22 of the IGT assesses decision making abilities.23 This task requires 
participants, on each trial, to choose a card from one of four decks. Every card offers an immediate 
financial reward. Occasionally, a card results in a financial penalty. There are two advantageous 
decks in which immediate rewards are modest but occasional penalties are small, and two 
disadvantageous decks in which immediate rewards are high, but the occasional penalties are 
severe. Choosing the advantageous decks leads to a net profit in the long term and with 
disadvantageous decks to a net loss. The goal is to make a net profit. The dependent variable on 
this task was calculated by subtracting the number of choices of the disadvantageous decks from 
the choices of the advantageous decks. In order to quantify the progression of decision-making 
preference profiles throughout the task, the hundred choices were divided into five blocks of 
twenty consecutive cards. A net score was then calculated for each block.

Stop Signal Reaction Time Task (SSRTT)
The SSRTT is a visual choice reaction time task that is intended to measure response inhibition.24,25 
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Participants watch a computer screen on which a series of five blocks of 64 arrows per block are 
visually presented. Arrows point either to the right (50%) or the left (50%) and subjects respond 
accordingly by pressing the appropriate button; the order of presentation of right- and left-pointing 
arrows is randomized. In a randomly assigned proportion (25%) of trials, an audible stop-signal is 
heard after presentation of the arrow, and subjects are instructed to inhibit their motor response 
to these trials. The inter-stimulus interval and the stop-signal delay are varied according to the 
subject’s performance such that subjects are able successfully to inhibit their responses to 50% 
of the stop trials. From these behavioral data, the stop-signal reaction time (i.e., processing time 
required to inhibit a prepotent motor response) is calculated for each subject.

STATISTICS AND MODELS
Analyses were performed using Predictive Analytic Software (PASW) for Windows 18.0 (SPSS Inc, 
Chicago Illinois) and R. Chi-square and ANOVA were used to compare demographic characteristics 
across groups. ANOVA was used to evaluate differences between groups on the SSRTT. Linear 
mixed effect regression models (LMM) were used to fit the data on the IGT and SRTT. Specifically, 
in the analysis of the IGT data, the average net score for the one hundred choices was treated 
as the dependent variable in the regression model. The fixed effects were group (i.e., control, 
OCD, hoarding), block (i.e., block 1 to 5) and possibly their interactions. A random effect for 
each individual was introduced in the model to account for the fact that the same individual was 
tested at five blocks. Similarly, in the analysis of SRTT data, the reaction time advantage (i.e., the 
difference between BL reaction time – IL reaction time within the same block) was treated as the 
dependent variable, and the predictors included group, block (i.e., block 1 to 3) and possibly their 
interactions as fixed effect, and an individual specific random effect.

RESULTS

SAMPLE
The study groups did not differ in age, sex, employment status, marital status, or estimated verbal 
IQ. The mean age of all participants was 43 years (range 19-63). The majority of participants were 
female, and the mean estimated verbal IQ was 110.3 (SD 9.6). All the participants were Caucasian 
with the exception of one Asian participant in each of the CH and OCD groups, and three African-
Americans in the control group.

MEASURES
There was a significant difference in the SI-R scores between the hoarding, OCD and control groups 
(mean (SD): 54.5 (11.5); 19.6 (10.4); and 13.1 (7.7), respectively); (F=105.28, p<0.001). Post-hoc 
Bonferroni tests showed that the hoarding group scored significantly higher (p<0.001) on the SI-R 
compared to the OCD and the control groups. The control and OCD group did not differ (p=0.173). 
The score of the hoarding group on the SI-R (mean 54.5, range 38-76) was similar to mean scores 
from other samples reporting compulsive hoarding symptoms.12,17

All control subjects scored lower than 14 on the OCI-R (mean, SD; 5.4, 3.6). These scores were 
all lower than the clinical cut-off score for OCD of 21 as defined by Foa et al.18 

NEUROPSYCHOLOGICAL TESTS
 
Serial Reaction Time Task
As described above, the SRTT consisted of three blocks, each with two conditions: a baseline and 
an implicit learning condition. The reaction time advantage (in milliseconds) was calculated as 
the difference between the reaction times at the baseline and the implicit learning condition for 
each block. This reaction time advantage served as a measure of the implicit sequence learning 
performance. Three subjects (two CHs and one OCD patient) were excluded from the subsequent 
analyses because their error rates were more than 30%, whereas the error rate was less than 14% 
for the remaining subjects (mean (SD) = 3.3% (3.0)).

Table 1 shows the mean reaction time in each of the three blocks for the three experimental 
groups. The average reaction time advantage for CHs as well as for OCD patients is less than for 
control subjects at block 2 and 3, indicating less learning effect in CHs and OCD patients compared 
to control subjects. At block 1, hoarders and OCD patients showed more reaction time advantage 
than control subjects. This is probably due to the fact that mean reaction time for control subjects 
at baseline is significantly less than that for other groups (p<0.001) and therefore the reaction 
time advantage at block 1 is not comparable. To formally test for the difference in reaction time 
advantage between these groups, we fitted linear mixed-effects models. We found that the 
average reaction time advantage is statistically different across groups after adjusting for the block 
effects (p=0.0003, by likelihood ratio test) or after adjusting for both block effects and interactions 
between group effects and block effects (p<0.0001, by likelihood ratio test). In addition, at block 
03, CHs had a statistically significant smaller reaction time advantage than did control subjects 
(difference is -47.75, t= –3.78, df36.01, p=0.0006, Welch two sample t-test, 2-sided) and OCD 

Table 1. Scores on Serial Reaction Time Task 

Group and Measure Block 1
Mean (SD)

Block 2
Mean (SD)

Block 3
Mean (SD)

 Control subjects (n=19)

   Mean Reaction Time (milliseconds)

   Baseline condition (BS1) 467.9 (111.0) 449.9 (78.2) 477.6 (97.3)

   Implicit learning condition (IL1) 448.4 (89.8) 440.7 (83.1) 437.9 (84.1)

   Reaction Time Advantage 19.6 (56.8) 9.2 (28.5) 39.7 (42.9)

 OCD patients (n=16)

   Mean Reaction Time (milliseconds)

   Baseline condition (BS2) 505.5 (123.6) 469.7 (88.1) 461.2 (90.5)

   Implicit learning condition (IL2) 474.9 (101.9) 456.1 (88.4) 450.4 (53.2)

   Reaction Time Advantage 30.6 (53.2) 13.6 (45.4) 10.8 (33.2)

 Compulsive hoarders (n=22)

   Mean Reaction Time (milliseconds)

   Baseline condition (BS3) 493.4 (121.5) 458.3 (91.4) 458.8 (84.1)

   Implicit learning condition (IL3) 468.0 (103.8) 457.1 (96.0) 466.9 (94.4)

   Reaction Time Advantage 25.3 (52.5) 1.2 (33.2) -8.1 (37.3)

IV



-52- -53-

CHAPTER IV COGNITIVE FUNCTIONING IN COMPULSIVE HOARDING

patients had statistically significant smaller reaction time advantage than did control subjects 
(difference is -28.86, t= –2.24, df32.81, p=0.03, Welch two sample t-test, 2 sided). This indicates a 
learning effect for implicit sequence trials in control subjects, a strong reduced learning effect for 
CHs, and a reduced learning effect for OCD patients as well.

Iowa Gambling Task
The total net score was determined for each of the five blocks by subtracting the number of 
disadvantageous choices from the number of advantageous choices. As can be seen in Figure 1 the 
net score increased from block 1 through block 5 in all groups. The CH and control group showed 
similar learning curves, whereas the OCD group exhibited slower learning. 

The average net score for the one hundred choices was 0.4, -3.7 and -0.8 for CHs, OCD patients, 
and control subjects respectively. To estimate differences in net scores between these groups, we 
fitted linear mixed-effects models. Specifically, the one hundred choices were divided into five 
blocks and were incorporated in the model in order, to account for the progression of decision-
making preference profiles. The progression was significantly different between groups ((p<0.0001 
by likelihood ratio test) between models, having the same progression and model allowing for 
different progression). Subject specific random effect was introduced into the model to account 
for the within subject correlation between the scores at different blocks.

In general, we observed that CHs had higher net scores than control subjects, whereas OCD 
patients had lower scores than control subjects. For example, the average difference between 
CHs and control subjects was 1.6 (SE 2.8) at the first block and 1.5 (SE 2.7) at the fifth block. The 
difference between OCD patients and control subjects was 1.2 (SE 3.0) at the first block and -0.3 
(SE 3.0) at the fifth block. However, none of these differences in a specific block was statistically 
significant. Thus, although the average differences between CHs and control subjects, or between 
OCD and control subjects, at any specific block are not statistically significant, the data suggest 
a highly statistically significant difference in the progression of decision-making preferences 
between groups.

Stop Signal Reaction Time Task
Reaction time and median response time were normally distributed (p>0.05). The stop-signal 
reaction time (SSRT), median response time (MRT) and directional errors are displayed in Table 2. 
An extreme outlier in the CH group (SSRT: 707.0ms) was excluded from the analyses. SSRTs did not 
differ between the three groups. Individuals in the CH group had the slowest response (greatest 
MRT), and they also made the most errors. However, those differences were not statistically 
significant. This indicated that OCD patients and CHs did not have impaired motor inhibition 
compared to control subjects.

Table 2: Scores on the Stop Signal Reaction Time Task

Compulsive 
Hoarders

OCD patients Control 
subjects

F p

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

Stop-Signal Task score

Stop-signal reaction time 
(motor inhibition) (msec)

234.55 (54.81) 232.57 (46.10) 232.76 (48.53) .014 .986

   Median response time (msec) 546.59 (98.47) 537.03 (99.07) 517.67 (73.04) .531 .591

   Directional errors 1.82 (5.28) 0.47 (0.93) 1.03 (1.56) .780 .463

DISCUSSION
 

This study investigated differences in specific cognitive functions between CHs, OCD patients, 
and control subjects. We found that, compared to control subjects, OCD patients and CHs scored 
significantly worse on the SRTT. The evidence was strongest for the CHs. This suggests disturbed 
implicit memory in CH, and a slight impaired implicit memory in OCD patients. On the IGT, an 
overall learning progression difference was found between the CHs, OCD group and control 
subjects, suggesting differences in decision-making between groups. However, post-hoc analyses 
did not reveal individual differences. All three groups did not differ in performance on the SSRTT, 
suggesting that motor inhibition is not disturbed in CH and OCD.

As predicted, implicit memory appears to be disturbed in individuals with compulsive 
hoarding. This is congruent with findings from Goldman et al.15 They investigated the performance 
of 62 OCD patients using the SRTT and reported that implicit procedural learning was impaired in 
OCD patients compared to an anxious patient group and a control group. Furthermore, they found 
greater procedural learning impairment in a hoarding subgroup (n=7) of the OCD patients.15 In 
addition, memory impairment in CH has been described previously. Frost and Hartl1 hypothesized 
memory disturbance as a core feature underlying CH, and Hartl et al.11 reported that verbal and 
non-verbal memory is impaired in individuals with CH. The disturbed implicit memory, as measured 
by the SRTT, is consistent with reports by hoarding individuals that they have poor memories and 
keep possessions in sight as visual cues.1

In the overall analyses, decision making, as measured by the IGT, differed between CHs, OCD 
and control subjects. In general, we observed that CHs had higher net scores than control subjects, 
whereas OCD participants had lower scores than control subjects. In addition, OCD subjects Fig 1. Performances on the Iowa Gambling Task
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seemed to learn slower than the hoarding and control subjects. However, these post-hoc group 
individual differences did not reach a significant level, given the small sample size. Negative findings 
between CHs and control subjects are consistent with results from a previous study, which found 
that individuals with compulsive hoarding as a prominent symptom scored equally on the IGT to 
patients with mood or anxiety disorders (excluding OCD) and control subjects.12 One reason might 
be the kind of decision-making, which in tested in the IGT. Decision-making as assessed by the IGT 
is often impaired in patients with risky behaviors (e.g. addicts, psychopaths).26,27 However, CHs 
save a wide variety of items for unlikely future use.12 Therefore, it might be possible that CHs favor 
the advantageous deck, as they prefer to save for the future. This is consistent with our results, in 
which the hoarders were the group who chose the advantageous decks most frequently and from 
the beginning of the trial. Nevertheless, another study found that OCD patients with hoarding 
symptoms performed worse on the IGT than either OCD-patients with few hoarding symptoms 
or control subjects.14 The different finding in these studies could be explained by variations in 
methods. The subjects in the Lawrence et al. study were all OCD-patients, with hoarding symptoms 
diagnosed secondarily, whereas hoarding was the primary symptom in our participants. This is 
consistent with our finding that OCD patients were the slowest learners on the IGT.

We did not find a significant difference in SSRTT performance between CHs, OCD patients, and 
control subjects. To our knowledge, there has been no previous study of the SSRTT in CH. However, 
negative findings on the stop-signal task in OCD have been described previously.28 In that study, 
seven unmedicated OCD patients without co-morbidity exhibited no difference on a stop-signal 
task from nine healthy control individuals.28 Although not significant, OCD patients had a slower 
reaction time than the control subjects, and the CHs were slower than the OCD patients. This is 
consistent with reports that CHs are slow completing tasks.1 However, other reports yield positive 
results on the SSRTT in OCD. Chamberlain et al.16 found that twenty washing and checking OCD 
patients performed poorly on the SSRTT compared to twenty healthy subjects (p<0.05). The same 
group of authors found that OCD patients and their unaffected first-degree family members had 
higher stop signal reaction times than control subjects.29 A fMRI study, found that impaired SSRT in 
OCD patients and their first-degree family members is associated with reduced grey matter in the 
orbitofrontal and right inferior frontal regions and increased grey matter in cingulate, parietal and 
striatal regions.30 The current study may have insufficient power to detect significant differences in 
the SSRTT. Moreover, the mean age of all groups was high (+/- 40) with a maximum of 65, which 
could have reduced SSRT performance in all groups.31–33

Several limitations can be notated. First, the control participants, and nine of the 24 CHs, were 
not examined clinically; the CH diagnosis in these nine cases is based on self-report and the self-
rating hoarding scale SI-R alone. All control subjects denied a current anxiety, mood, or other 
psychiatric disorder. However, a diagnostic examination of the control and hoarding participants 
would have better established this. Second, 54% of the CHs and 94% of the OCD patients were 
using medication during the study, and this may have influenced the testing. Third, we investigated 
the three cognitive domains that, based on previous research, would be most likely to distinguish 
CH from OCD; however, testing of other domains is indicated for future studies. Finally, there 
may have been insufficient power, given the small sample size, to detect differences between the 
groups. 

OCD and CH often co-occur, and it is important to determine whether they are related or 
distinct syndromes. In this study, we found that both groups performed poorly on an implicit 
memory task. However, the CHs performed more poorly than did the OCD patients. This need 
not suggest a qualitative difference between the two syndromes; it could indicate that CHs have 

a more severe deficit in this domain. OCD patients learned slower on the IGT (although the net 
performance was the same) than both CHs and control subjects; in fact CHs performed better 
that did control subjects. These findings suggest a functional difference between CHs and OCD 
patients, which would indicate different neurological mechanisms for the two syndromes. More 
detailed cognitive testing involving a larger sample of participants may help identify additional 
differences between the two syndromes.
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BACKGROUND
 

With increasing technological innovation and unlimited possibilities for digital storage, a new 
subtype of hoarding may have arisen, ‘digital hoarding’. Digital hoarding is the accumulation of 
digital files to the point of loss of perspective, which eventually results in stress and disorganization. 
Although digital hoarding does not interfere with cluttering of living spaces, it has an immense 
impact on daily life functioning. Although no scientific papers have been published on this subject, 
the problem is frequently described on the internet by patients and by professionals.

Recently, hoarding disorder has been documented as a separate disorder in the fifth edition of 
the Diagnostic and Statistical Manual of Mental Disorders (DSM-5).1 The specific phenomenology 
and development of hoarding justified a classification separate from obsessive-compulsive 
disorder (OCD).2 Hoarding disorder is defined as the extensive collection of objects followed by 
a difficulty discarding them for aesthetic reasons, or because of an object’s emotional value or 
consideration of its possible usefulness in the future.3 The consequence of hoarding objects is 
accumulation of objects in living spaces, leading to limited space, poor hygiene and feelings of 
embarrassment.4 We describe the first case of digital hoarding, based on a patient who presented 
himself to our outpatient clinic.

CASE PRESENTATION

A 47-year-old man was referred to our outpatient clinic with a request to treat his hoarding 
behavior. The referral was made by his attending psychiatric nurse from an institution specialized in 
the treatment of autism, who helped the patient with structuring his daily life. In 2007, the patient 
was diagnosed with an autism spectrum disorder (ASD) in combination with traits of attention 
deficit disorder (ADD). Furthermore, he was known to have recurrent depressive episodes since 
1994, for which he was being treated with venlafaxine 150 mg daily. His object hoarding gradually 
started when he was a university student, followed by a progressive worsening over the years. He 
had never sought treatment for his object hoarding before presentation to our outpatient clinic. 
The patient mainly hoarded objects with limited or no economic value, such as paperwork and 
bike components. He had difficulty discarding these objects and felt comfortable surrounded by 
them. He believed they would be of use to him in the future. The accumulation of these objects 
led to severe cluttering of his house (Figure 1). Owing to his object hoarding, the patient felt 
embarrassed to invite people over. The patient also hoarded digital pictures, which started five 
years earlier when he obtained a digital camera. Digital photography was his main daytime activity; 
he took up to 1000 images every day, mainly of landscapes. He had difficulty discarding these 
pictures, even though many were very similar, because they brought back memories. As with his 
objects, the patient felt attached to his digital pictures. He had four external hard drives containing 
the original pictures and four external hard drives containing backups. He never used or looked at 
the pictures he had saved, but was convinced that they would be of use in the future. He planned 
to merge pictures when new technologies would become available and thought some pictures 
would be suitable for future publication. The patient indicated that organizing the large amount 
of digital pictures caused feelings of frustration and was very time-consuming, taking three to five 
hours a day on average. It interfered with his sleeping pattern and kept him from other activities 
such as cleaning his house, going outside and relaxing.

The patient was not married, had no children and was unemployed. He lived on an allowance. 

ABSTRACT

A 47-year-old man was presented to our outpatient clinic, preoccupied with hoarding of digital 
pictures, which severely interfered with his daily functioning. He was formerly diagnosed with 
autism and hoarding of tactile objects. As of yet, digital hoarding has not been described in 
literature. With this case report, we would like to introduce ‘digital hoarding’ as a new subtype 
of hoarding disorder. We conclude with differential diagnostic considerations and suggestions for 
treatment.
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DIFFERENTIAL DIAGNOSIS
 

The patient met all DSM-5 criteria of hoarding disorder for his object hoarding (Table 1). We 
compared the digital hoarding of this patient to the DSM-5 criteria of hoarding disorder and 
noted a lot of similarities. The patient had difficulty discarding his digital pictures even though 
they were of limited value. Furthermore, he had stored multiple pictures of the same scene and 
never inspected them again. He believed these pictures could be of use to him in the future. 
Moreover, the amount of pictures made it impossible for him to process them on his computer, 
hence the eight external hard drives. Therefore, this ‘digital’ cluttering led to disorganization of 
the digital pictures and accumulation of digital storage space, which is functionally similar to the 
‘accumulation of possessions’ in object hoarding. The patient experienced significant distress 
because of his digital hoarding.

The digital hoarding was not preceded by specific obsessions, nor did the patient suffer from 
other obsessions. The patient did not feel forced to perform this behavior and it was not directed 
at any perceived prevention. Therefore, we did not classify his digital hoarding as a symptom 
dimension of OCD. Furthermore, the patient did not meet criteria for obsessive-compulsive 
personality disorder (OCPD) apart from his hoarding.

We considered the option of his digital hoarding being part of his ASD. Pertusa et al.10 stated 
hoarding behavior in ASD might be part of a stereotyped interest with related collecting of items. 
The digital hoarding of our patient could be seen as part of a stereotyped interest in digital 
photography in the scope of his ASD. However, the processing and saving of the digital pictures 
caused suffering and distress, and thus was less likely to be part of his stereotyped interest. He 
claimed he would enjoy his digital photography more without the need to organize and discard 
the pictures. Furthermore, patients with ASD have problems in executive functions such as 
planning and organizing, which could be the reason for his disorganized digital hoarding. However, 
the disorganization of his digital pictures was not solely due to a lack of overview, but mainly a 

He lived by himself in an apartment in the city. He had a fairly good relationship with his father 
and had two good friends. Two aunts on his mother’s side of the family also expressed hoarding 
behavior.

Fig 1. Picture of patient’s living room, published with his permission – Clutter Image Rating #55

INVESTIGATIONS
 

Mental status examination revealed an unshaved and casually dressed man. His attitude was 
friendly and enthusiastic. He presented his case in a rigid way and had a short attention span. 
However, he was oriented and there were no memory deficits. There were no delusions or 
hallucinations. He did not have obsessions or compulsions. His mood was normal and he had no 
suicidal thoughts. His psychomotor behavior was restless with stereotyped repetitive movements. 
He had limited insight into his hoarding behavior.

We administered several hoarding questionnaires. His total score on the Saving Inventory-
Revised (SI-R) was 47 of 92, with an emphasis on clutter; a total score >40 is classified as hoarding 
disorder.6 On the Compulsive Acquisition Scale (CAS), he had a score of 46.7 This is just below the 
cut-off scale of 47 for compulsive buying.8 On the Saving Cognitions Inventory, the patient scored 
82, while a mean score for hoarders is 104.9 He scored relatively high on the ‘control’ subscale, 
indicating he liked to be in control of his objects and would not let other people throw anything 
away. The need for control over possessions is a major contributing factor in hoarding disorder.2

Table 1 Diagnostic criteria for hoarding disorder in DSM-5

Criterion Content

A Persistent difficulty discarding or parting with personal possessions, regardless of their actual 
value.

B The difficulty is due to strong urges to save items and/or distress associated with discarding.

C The symptoms result in the accumulation of a large number of possessions that fill up and clutter 
active living areas of the home or workplace to the extent that their intended use is no longer 
possible. If all living space is uncluttered, it is only because of the interventions of third parties 
(e.g. family members, cleaners, authorities).

D The symptoms cause clinically significant distress or impairment in social, occupational or other 
important areas of functioning (including maintaining a safe environment for self and others).

E The hoarding symptoms are not due to a general medical condition (e.g. brain injury, cerebral 
vascular disease).

F The hoarding symptoms are not restricted to the symptoms of another mental disorder (e.g. 
hoarding due to obsessions in obsessive-compulsive disorder, cognitive deficits in Dementia, 
restricted interests in Autism Spectrum Disorder, food storing in Prader-Wili syndrome).
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DISCUSSION
 

We presented a patient who, apart from object hoarding, suffered from digital hoarding. The 
accumulation and disorganization of his digital pictures resulted in distress and impairment of 
functioning. The features of his digital hoarding showed a similar pattern to his object hoarding.

No scientific papers on digital hoarding have been documented up to now. Digital hoarding 
is described as a new concept in online blogs or magazines, which mainly contain calls for help 
or ‘confessions’ from possible digital hoarders. On these websites, digital hoarding is defined as 
a more hidden subtype of hoarding, because it does not interfere with living spaces and hygiene. 
It is considered a solitary problem and not necessarily existing alongside other forms of hoarding. 
The unrestricted possibilities for saving and the fear of losing important data is leading to 
disorganization and loss of perspective, so-called digital cluttering. Digital hoarding is pathological 
when it crosses the line of interference with other aspects of life.

No university or hospital websites have addressed the problem or offered professional 
treatment. A few clinical psychologists claim treatment in the form of behavioral therapy focusing 
on distraction by other activities, building on social skills and improving sleep hygiene.17 Technology 
companies have reacted to the phenomenon by offering tools and software for archiving and 
filing computer files.18 However, the possibility of saving more files might stop any tendency to 
actually delete files to gain more overview of data. Digital hoarding could be treated based on the 
principles of CBT for object hoarding.

We suggest digital hoarding as a specific subtype of hoarding disorder. Digital hoarding would 
fulfill the general DSM-5 criteria of hoarding disorder (Table 1), because it involves (A and B) a 
difficulty to discard due to a strong urge to save files because of perceived need or emotional 
attachment, (C) an accumulation of files on hard drives and external drives, leading to ‘digital 
clutter’, loss of overview and disorganization and (D) significant distress and interference with 
daily functioning. To ensure rapid detection, this subtype of hoarding disorder should be added to 
hoarding screening instruments.19

consequence of massive accumulation. Therefore, we did not categorize his digital hoarding as 
part of his ASD. 

Apart from the ASD, this patient was also diagnosed with traits of ADD. Individuals with 
childhood attention deficit hyperactivity disorder (ADHD) symptoms have a higher prevalence 
of lifetime hoarding symptoms as compared to individuals without childhood ADHD (8.9% vs 
2.7%).11 Inattention in ADHD is an especially strong predictor of hoarding-related behavior.12 
Also, patients with hoarding disorder show an increased rate of ADHD symptoms compared to 
healthy controls. Nearly 30% of hoarding patients fulfill the inattention criteria for adult ADHD.13 

Part of this patient’s inability to organize his objects and digital pictures could be attributed to 
his inattention span and lack of overview due to his ADD. However, hoarding disorder itself may 
lead to impaired cognitive functioning, especially inattention and indecisiveness, contributing 
to disorganisation.14,15 Furthermore, the disorganization is also due to massive accumulation. 
Therefore, the disorganization in his collection of objects and digital pictures is better explained as 
a consequence of his hoarding disorder rather than as a consequence of his ADD traits. All in all, 
certain aspects of his digital hoarding, including lack of overview and disorganization of his digital 
pictures could be partly attributed to his ASD and ADD traits. However, his digital hoarding fulfilled 
all DSM-5 criteria for hoarding disorder. This justified a separate diagnosis of hoarding disorder 
alongside to his ASD and ADD traits.

TREATMENT
 

Object hoarding is mainly treated with cognitive-behavioral treatment (CBT), including motivational 
interviewing, stimulus control, finding alternative activities and challenging dysfunctional 
thoughts.16 We suggest a comparable treatment strategy for digital hoarding. In the case of our 
patient, we would first apply motivational interviewing for encouragement in the treatment of 
his digital hoarding, followed by reducing the acquirement of photos. For example, by setting 
a maximum number of pictures to be taken of a scene, and to search for alternative activities 
related to digital photography. Finally, his thoughts about storing pictures for future use could be 
challenged. Ideally, part of this treatment would be performed at the patient’s home-by-home 
care workers instructed by an experienced cognitive-behavioral therapist.

OUTCOME AND FOLLOW-UP
 

The patient is currently being treated with CBT by a therapist from our psychiatry department, in 
collaboration with his object hoarding because of the enormous cluttering of his house. So far, the 
patient has organized a large amount of his objects in a wall cabinet. He is satisfied with the extra 
floor space gained and this encourages him to keep going. The next focus will be on decreasing the 
acquirement, and the discarding of objects. The treatment progresses slowly because the patient 
wants to maintain full control over the treatment. The reduction of digital hoarding has recently 
been included in his treatment, starting with organizing his pictures based on subject and deleting 
pictures of lesser quality.
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INTRODUCTION

Body Integrity Identity Disorder (BIID) is a rare condition in which persons typically report 
an intense desire either to be paralyzed or to have one or more of their healthy limbs to be 
amputated.1–3 BIID is not a paraphilia4 nor does the desire to amputate the limb reflect psychosis 
amputation.5 Rather it is believed that BIID is an identity disorder.1–3,6 The main motivation for the 
preferred body modification is believed to be a mismatch between the actual and the perceived 
body schema.1,7 The symptoms of BIID parallel those in somatoparaphrenia, a syndrome occurring 
secondary to right parietal lobe damage by a cerebral tumor or stroke. This similarity, coupled with 
the early onset, suggests that BIID could be a congenital disorder.7–10

Currently BIID is not included in the International Statistical Classification of Diseases-10 
(ICD-10) or the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV). As such this 
disorder is often not known to surgeons, neurologist and psychiatrists. To exasperate this issue, 
BIID individuals typically avoid healthcare and often act out their desires by pretending they are 
disabled or perform actual self-amputation.1,11–14

Previous studies on BIID almost exclusively focus on the desire for amputation.1,15,16 However, 
on internet-based forums people with a wish for a disability other than amputation also describe 
that they recognize themselves as having BIID.17,18 Therefore, some researchers have proposed 
to broaden the intended use of BIID to refer to individuals with a persistent desire to acquire a 
physical disability.2,3 These other variants of BIID have not been investigated so far.

The present study aims to provide detailed phenomenology of BIID through the use of a 
detailed questionnaire given to a large group of BIID individuals. Since studies on BIID are limited 
our main goal is to broaden the knowledge of BIID in all healthcare professionals. This is done 
by describing all who deal with BIID and by determining whether BIID variants are significantly 
different.

METHODS

METHODS OBJECTIVES
Main objective of the study is to provide detailed somatic, psychiatric, social and BIID characteristics 
of a large group of BIID individuals, in order to broaden the knowledge of BIID amongst all medical 
professionals. Secondary, the objectives are to compare BIID variants on clinical measures and to 
compare disruption in work, social and family life due to BIID in amputated versus non-amputated 
subjects.

PARTICIPANTS AND PROCEDURES
Subjects who had identified themselves as having BIID (i.e. recognizing themselves in the following 
sentence: ‘‘BIID is a term that covers several conditions in which people feel their body-image 
does not match with their body shape. When we use the term ‘‘BIID’’ or ‘‘BIID feelings’’ here, we 
mean to indicate all these different forms of the condition. For example, some people would like 
to have their leg to be amputated under their knee, whereas others prefer to resemble someone 
who is paralyzed.’’) were recruited between 24.12.2010 and 01.11.2011. Participants included (1) 
referrals from the psychiatry department of the Academic Medical Center Amsterdam (n=6); (2) 
responders to research announcements distributed on BIID related websites (n=42); (3) referrals 
from individuals who had already participated in the study (n=7).

ABSTRACT

Introduction Body Integrity Identity Disorder (BIID) is a rare, infrequently studied and highly 
secretive condition in which there is a mismatch between the mental body image and the physical 
body. Subjects suffering from BIID have an intense desire to amputate a major limb or severe the 
spinal cord in order to become paralyzed. Aim of the study is to broaden the knowledge of BIID 
amongst medical professionals, by describing all who deal with BIID.
Methods Somatic, psychiatric and BIID characteristic data were collected from 54 BIID individuals 
using a detailed questionnaire. Subsequently, data of different subtypes of BIID (i.e. wish for 
amputation or paralyzation) were evaluated. Finally, disruption in work, social and family life due 
to BIID in subjects with and without amputation were compared.
Results Based on the subjects’ reports we found that BIID has an onset in early childhood. The 
main rationale given for their desire for body modification is to feel complete or to feel satisfied 
inside. Somatic and severe psychiatric co-morbidity is unusual, but depressive symptoms and 
mood disorders can be present, possibly secondary to the enormous distress BIID puts upon a 
person. The amputation and paralyzation variant do not differ in any clinical variable. Surgery is 
found helpful in all subjects who underwent amputation and those subjects score significantly 
lower on a disability scale than BIID subjects without body modification.
Conclusions The amputation variant and paralyzation variant of BIID are to be considered as one 
of the same condition. Amputation of the healthy body part appears to result in remission of BIID 
and an impressive improvement of quality of life. Knowledge of and respect for the desires of BIID 
individuals are the first steps in providing care and may decrease the huge burden they experience.
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RESULTS

Fifty-four BIID subjects completed the survey and indicated that the main rationale for their 
desire for body modification was “to feel complete” or “to feel satisfied inside”. Sexual arousal 
concerning their BIID (i.e. being aroused when seeing someone disabled resembling their BIID or 
when imagining themselves being disabled) was present in almost half of the subjects, but was 
never the primary rationale for their desired body modification. 79.6% were males, 96.3% were of 
Caucasian origin, 64.8% had a university degree, and age range was 18–76 years.

Amputation of one or more limbs was preferred by thirty individuals (55.6%). ‘‘I can feel 
exactly the line where my leg should end and my stump should begin. Sometimes this line hurts or 
feels numb.’’ Twenty-four (44.4%) wished to be disabled in another way than limb amputation. Of 
those most (23/24) wished to have a form of paralysis and one preferred to have clubfeet (Table 1). 
Upon qualitatively screening the results the two groups did not indicate an important difference 
on any item. Fifteen subjects (27.8%) described their preferred body part had changed overtime: 
(e.g. five went from leg amputation to spinal cord paralyzation).

Physical comorbidity appeared to be infrequent (Table 2). If BIID individuals had a unilateral 
modification preference (n=20), 70.0% expressed a wish for amputation on the non-dominant side 
of their body. Medical problems concerning the affected body part (i.e. the part of the body they 
wish to be either amputated or paralyzed) were all reported to develop after onset of the BIID. 
Some (such as muscle weakness) were due to manifest avoidance of use of the affected body part. 
Individuals reporting their body part to feel different, often explain that their limb feels alien: ‘‘My 
limbs do not feel like they belong to me, and should not be there’’.

Since BIID is a highly secretive condition, all first communications were through the internet. 
Individuals who indicated to be interested were sent full participant information by e-mail. 
After returning written consent, participants were invited to visit a secured website for the 
questionnaires. Five individuals preferred to visit the clinic and were seen in person. Fifty-eight 
subjects recognized themselves as having BIID and completed the survey. However, in four subjects 
the ‘not feeling complete in their own body’ was not the main motivation for body modification: 
one subjects’ reason to modify his body was to feel sexually aroused, two subjects because of the 
attention it draws and for the last subject because the process of modification was the main focus 
of the desire. In order to generate a homogeneous sample, those four subjects were excluded 
from all analyses.

The questionnaire consisted of six parts totaling 112 questions, usually multiple choice, with 
space for additional comments or options. The BIID Phenomenology Questionnaire was built by 
the authors, included epidemiologic, medically directed, and specific BIID related questions, and 
included results from previous reports (see supporting information).1,15,16

The Sheehan Disability Scale (SDS) is a scale measuring functional impairment due to illness 
in work, family and social life.19

To measure the severity of the BIID symptoms we adapted the Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS).20,21 In 5-item scales (range 0–20) individuals were asked about the 
time they spent; the interference they experienced due to; the distress they had caused by; the 
resistance against; and the control they had over thoughts and activities of their BIID. Scores from 
0–3 are considered indicative for subclinical BIID symptoms, 4–7 mild, 8–11 moderate, 12–15 
severe, and 16–20 extreme (see supporting information).

The Mini-International Neuropsychiatric Interview (MINI) Screen is a self-rated, 25-item 
scale screening for the most common psychiatric disorders (i.e. depression, dysthymia, bipolar 
disorder, panic disorder, social phobia, obsessive-compulsive disorder, post-traumatic stress 
disorder, psychotic disorder, substance abuse, anorexia nervosa, bulimia nervosa, general anxiety 
disorder).22

The Beck Anxiety Inventory (BAI) is a self-rated, 21-item inventory measuring the severity of 
anxiety symptoms.23

The Beck Depression Inventory (BDI): is a self-rated, 21-item inventory measuring the severity 
of depressive symptoms.24

ETHICS
The study has been approved by the Medical Ethical Committee of the AMC Amsterdam in 
accordance with the Declaration of Helsinki amended in Seoul in 2008.

STATISTICAL METHODS
Subjects who solely had a lifetime wish for amputation where placed in the amputation-group, 
whereas subjects with another wish for disability than solely amputation, were placed in the 
paralyzation-group. The small sizes of groups limited statistical analysis. We therefore describe the 
results qualitatively.

Upon qualitatively screening the results, large differences were seen in SDS scores between 
amputated versus non-amputated subjects. Therefore statistics were performed to compare 
these scores. The difference was analyzed using the Mann-Whitney U test, a non-parametric test. 
Predictive Analytic Software (PASW) for Windows 18.0 (SPSS Inc, Chicago Illinois) was used to 
perform these statistical analyses.

Table 1. BIID manifestations as self-reported in questionnaires in BIID individuals 

Amputation (n=30) Paralyzation (n=24) Total (n=54)

Age of onset (mean – range) 7.0 (3-12) 6.3 (3-15) 6.7 (3-15)
Females (biological sex) (n – (%)) 3 (10.0) 7 (29.2) 10 (18.5)
Site (n – (%))* Left   11 (36.7) 

Right   9 (30.0) 
Bilateral  10 (33.3)

Left   0 (0.0)
Right  0 (0.0)
Bilateral 24 (100.0)

Left  11 (20.4)
Right  9 (16.7)
Bilateral  34 (63.0)

Change site over time (n – (%)) 10 (33.3) 5 (20.8) 15 (27.8)
Presence (n – (%))
-Always
-Sometimes limited
-Sometimes absent

14 (46.7)
13 (43.3)
3 (10.0)

8 (33.3)
13 (54.2)
3 (12.5)

22 (40.7)
26 (48.1)
6 (11.1)

Body modification (n – (%))
Ever thought of it
Ever tried myself
Consulted physician
Modification is performed

27 (90.0)
10 (33.3)
12 (40.0)
7 (23.3)

20 (83.3)

6 (25.0)
4 (16.7)
-

47 (87.0)

16 (29.6)
16 (29.6)
7 (13.0)

*3 left under knee amp; 8 left above knee amp; 7 right above knee amp; 1 right under knee amp; 6 bilateral above knee 
amp; 2 bilateral under knee amp; 1 right above elbow amp; 1 bilateral above elbow amp; 1 tetra amputation; 18 lower back 
paralyzation; 1 spastic paraperesis of legs; 1 lower back paralyzation and left below elbow amp; 1 paralysis starting at thighs; 
2 partial lower back paralyzation; 1 clubfeet
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always present, whereas her hallucinations tended to come in waves. Moreover, her motivation 
for paralyzation was her wish to feel complete, and not a punishment of God, or getting rid of 
the Devil as seen in self-performed amputations in schizophrenics.5 We concluded that her BIID 
thoughts differed enough from her hallucinations that her wish for amputation was not psychotic. 
None of the other subjects reported a psychotic psychiatric diagnosis and neither scored positive 
on the MINI Screen for psychotic symptoms. Depressive and anxiety symptoms were reported 
somewhat higher than in the general population.

Table 2. Somatic and psychiatric aspects of 54 BIID individuals as self-reported in questionnaires

Amputation (n=30) Paralyzation (n=24) Total (n=54)

Height in cm (mean – range) 179.8 (167-198) 178.8 (163-196) 179.3 (163-198)

Weight in kg (mean – range) 83.6 (59-122) 77.8 (54-122) 81.0 (54-122)

Body mass index (mean – range) 25.9 (19-37) 24.2 (16-40) 25.2 (16-40)

Head Circumference (mean – range) 57.0 (50-61) 57.6 (55-60) 57.3 (50-61)

Handedness (n – (%))
-Right handed
-Left handed
-Ambidexter

22 (73.3)
6 (20.0)
2 (6.7)

22 (91.7)
2 (8.3)
0 (0.0)

44 (81.5)
8 (14.8)
2 (3.7)

Abnormalities of the affected body part(s)*
Feels different inside
Feels different if someone touches
Feels different when temperature changes
Medical problems

12 (40.0)
12 (40.0)
3 (10.0)
7 (23.3)

12 (50.0)
10 (41.7)
8 (33.3)
5 (20.8)

24 (44.4)
22 (40.7)
11 (20.4)
12 (22.2)A

Neurological problems  (n – (%)) 3 (10.0) 4 (16.7) 7 (13.0)B

Cardiovascular abnormalities  (n – (%)) 1 (3.3) 1 (3.3) 2 (3.7)C

Pulmonary abnormalities  (n – (%)) 4 (13.3) 3 (12.5) 7 (13.0)D

Gastrointestinal abnormalities  (n – (%)) 4 (13.3) 1 (4.2) 5 (9.3)E

Other abnormalities  (n – (%)) 5 (16.7) 5 (20.8) 10 (18.5)F

Psychiatric co-morbidity (lifetime)  (n – (%))
Mood disorder
Anxiety disorder
Psychotic disorder
Eating disorder

7 (23.3)
6 (20.0)
1 (3.3)
0 (0.0)
0 (0.0)

11 (45.8)
7 (29.2)
1 (4.2)
1 (4.2)
2 (8.3)

18 (33.3)
13 (24.1)
2 (3.7)
1 (1.9)
2 (3.7)

Back Anxiety Inventory (mean – range) 14.7 (6-35) 15.7 (6-35) 15.1 (6-35)

Beck Depression Inventory (mean – range) 11.7 (0-40) 14.3 (0-42) 12.9 (0-42)

Adapted version of the Y-BOCS 
(mean – range)

13.7 (8-18) 12.8 (10-16) 13.3 (8-18)

* Part(s) of the body BIID individuals wish to be either amputated or paralyzed
A4x fractures to arms/legs; 1x spinal fracture; 1x restless toes; 1x spinal compression; 1x knee injury; 1x morton’s neuroma; 
2x muscle problems; 1x diabetic neuropathy B5x lumbar hernia; 1x muscle spasms; 1x fibromyalgia; C1x heart attack; 1x valve 
problems; D1x asthma; 2x bronchitis; 4x pneumonia; E1x stomach problems; 1x pancreatitis; 1x cholangiolithiasis; 1x colitis; 
1x appendicitis F1x lower back pain 1x lipomata; 1x spinal fracture; 1x hypothyroidism; 1x scoliosis; 3x diabetes; 1x immune 
depression; 1x renal colic; 2x intersex condition (one ambiguous genitalia, surgically corrected; other male genitalia but 
female identity) 

Diagnoses of lifetime psychiatric co-morbidity (Table 2) were based on self-report of diagnoses 
made by participants’ therapists. Current psychiatric disorders were also scored positive in the 
MINI Screen, which reinforced the likelihood of their presence. One subject was diagnosed with 
schizophrenia. Her BIID feelings were present as long as she could remember, from the age of five, 
while her hallucinations started later on. The hallucinations involved ‘her name being called’ and 
visual hallucinations such as ‘the room moving’ diminished in strength following antipsychotic 
medication, but had no influence at all on her BIID feelings. In addition, her BIID feelings were 

Table 3. Social aspects of 54 BIID individuals as self-reported in questionnaires

Amputation (n=30) Paralyzation (n=24) Total (n=54)

In a relationship with significant 
other (n – (%))

23 (76.6) 10 (41.7) 33 (61.1)

Sexual orientation (n – (%))
-Heterosexual
-Homosexual
-Bisexual

17 (56.7)
8 (26.7)
5 (16.7)

13 (54.2)
7 (29.2)
4 (16.7)

30 (55.6)
15 (27.8)
9 (16.7)

Specific sexual desires (n – (%))
Aroused when seeing someone 
disabled resembling my BIID
Aroused when imagining myself 
being disabled
Aroused when dressing like the 
other gender

14 (46.7)

15 (50.0)

2 (6.7)

11 (45.8)

9 (30.0)

1 (4.2)

25 (46.3)

24 (44.4)

3 (5.6)

Disclose BIID (n – (%))
To partner (in case of having one)
To close friends (in case of having 
close friends)
To close family (in case of having 
family)

18 (72.0)
15 (50.0)

10 (33.3)

9 (60.0)
16 (66.7)

6 (25.0)

27 (67.5)
31 (57.4)

16 (29.6)

Sheehan Disability Scale (without 
/ with modification)
BIID disrupts work (mean –range)
BIID disrupts social life
BIID disrupts family life
BIID disrupts personal happiness

n=23

6.6 (1-10)
6.0 (1-10)
5.8 (1-10)
8.7 (3-10)

n=7

1.6 (1-3)
1.3 (1-2)
1.9 (1-3)
1.6 (1-4)

n=24

5.7 (1-10)
5.8 (1-10)
4.9 (1-10)
7.8 (1-10)

n=0

-
-
-
-

n=47

6.1 (1-10)A

5.9 (1-10)B

5.4 (1-10)C

8.2 (1-10)D

n=7

1.6 (1-3)A

1.3 (1-2)B

1.9 (1-3)C

1.6 (1-4)D

Treatment (n – (%))
Professional help sought
Psychiatric medication taken
Psychological or behavioral therapy
Surgical treatment
Medication was helpful
Therapy was helpful
Surgery was helpful

15 (50.0)
9 (30.0)
10 (33.3)
7 (23.3)
3 (33.3)
4 (40.0)
7 (100.0)

9 (37.5)
6 (25.0)
6 (25.0)
0 (0.0)
2 (33.3)
2 (28.6)
-

24 (44.4)
15 (27.8)
16 (29.9)
7 (13.0)
5 (33.3)
6 (35.3)
7 (100.0)

A(Mann-Whitney U=33.5, p<0.001) B(Mann-Whitney U=27.0, p<0.001) C(Mann-Whitney U=61.0, p<0.01) D(Mann-Whitney 
U=7.0, p<0.001)
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sexual motives. However, 25 (46.3%) subjects felt sexually aroused when seeing someone disabled 
resembling their BIID and 24 (44.4%) felt sexually aroused when imagining themselves being 
disabled. Possibly the sexual component in BIID is often one of feeling sexually more comfortable 
with one’s body.1 ‘‘I’m maybe more comfortable sexually with myself and others as an amputee, 
because I would be a complete person.’’

Physical co-morbidity reported both here and in literature is infrequent, and prevalence is 
probably not different to that in the general population. Detailed comparisons are hampered by 
the widespread geographical distribution and age range of participants. Possibly, the occurrence 
of a lumbar hernia (n=5 in present study and n=4 in Blanke et al.15) may be higher. In all, the 
BIID onset preceded the hernia manifestations. Two BIID individuals with the paralyzation form 
from in the present study and one with the amputation form reported by First et al. stated to 
have an intersex condition (see Table 2).1 These rates are substantially higher than in the general 
population27 and therefore might suggest a common pathway in developing identity disorders.2 
However there can be a significant ascertainment bias, so it still remains uncertain at present 
whether there is a true relation between intersexuality and BIID.

Psychiatric co-morbidity in present study and literature shows no obvious difference compared 
to the general population, except for an increase in depressive symptoms and mood disorders in 
present study and also in literature.1,15 We suggest these symptoms to be secondary to BIID due to 
the high distress level, and not to represent a separate manifestation. One of the BIID individuals 
was schizophrenic, however her BIID thoughts were not considered as part of a psychosis. On the 
other hand, amputation due to psychosis is known to occur but is not considered to be BIID since 
the motivation for amputation is often delusional like ‘performing a mission for God’  or ‘rid herself 
of a devil that had entered her hand and made her do bad things’.5

The present study shows high rates of bisexual and homosexual orientation in BIID individuals, 
as reported by most,1,16,28 but not all others.15 One might speculate that the presence of a less 
prevalent sexual orientation makes a person more open to speak about their BIID identity.

The etiology of BIID remains unclear. Congenital abnormal body representation in the brain 
has been proposed.3,6,7,10 Time of onset (usually from as early as BIID individuals can remember), 
similarities with somatophrenia, and persisting exactness of line of wished amputation are 
arguments for such a deficit. The preliminary finding of absence of activity in the right superior 
parietal lobule when stimulating the affected body area may supports this.10,29 Arguing against is 
the change in affected body part and intensity over time in some BIID individuals, but this does not 
exclude a neurological cause with certainty. We hypothesize a multigenic origin of BIID and have 
recently initiated molecular studies using next generation sequencing techniques.

LIMITATIONS
Strength of the study is the presentation of somatic, psychiatric, social and BIID characteristic 
data of a large group of BIID individuals, including the paralyzation variant. Some limitations must 
be noted. The major limitation of the study is the lack of face-to-face structured interviews and 
physical examinations of the participants.

BIID is a rare and extremely secretive condition, which forms a major obstacle for face-to-
face or telephone evaluations of a large group of affected individuals. To generate a sample of 
sufficient size, we decided to restrict communication through the internet. Indeed, it has been 
suggested that this is unavoidable in studies of such rare disorders.30 Study participants had to 
answer questions written in English while this was not always their native language. We allowed 
them to answer the open questions in their native language. Moreover, as BIID is rare and highly 

The social impact of having BIID was enormous (Tables 2 and 3). ‘‘BIID occupies every waking 
moment of my life, and even keeps me awake at night. Insomnia is severe most nights’’. Severity of 
symptoms such as the obsession with their limbs was severe (13.2 out of 20 on the adapted version 
of the Y-BOCS). Psychotherapy was often supportive, but did not help diminishing BIID symptoms: 
‘‘While psychotherapy did not help BIID directly, it did help understanding my relationship to 
BIID’’. Antidepressants were felt helpful to reduce depressive symptoms related to BIID, but 
antipsychotics were not. Actual amputation of the limb was effective in all seven cases who had 
surgical treatment. ‘‘I’m wondering if I am eligible to participate in this study, because since my 
amputation I do not have BIID feelings anymore’’. Comparisons on the SDS of subjects with and 
without amputation were significant in all items, suggesting less disability after amputation (Table 
3).

DISCUSSION

A large group of BIID individuals (n=54) was phenotyped using a questionnaire. BIID has an onset 
in early childhood; 80% are men. The main rationale given for their desire for body modification 
is to feel complete or to feel satisfied inside, sexual motives are often secondary. Prevalence rates 
of homosexual and bisexual orientation are high. Somatic and severe psychiatric comorbidity is 
unusual, but depressive symptoms can be present, possibly secondary to the enormous distress 
BIID puts upon a person. BIID influences lives of affected subjects in all facets in an extreme way. 
Subjects that underwent amputation score significantly lower on a disability scale than BIID 
subjects who did not undergo body modification, suggesting that surgery does offer benefits to 
subjects.

Three observational studies have described BIID individuals before.1,15,16 This report extended 
those studies by using a larger group of participants, recruiting individuals with an identity disorder 
(instead of a wish for amputation) and including the description of the paralyzation variant. Our 
results seem to be largely in keeping with those reported before.

Concurring with previous literature, we also find that the level of distress in BIID subjects 
is high.1 Obsessions with BIID are present every day, many individuals spend time pretending, 
using crutches, bandaging their limbs or using a wheelchair. ‘‘I am using a wheelchair ‘‘full time’’ 
when I’m in public. I walk at home. This is the only way how to remain somewhat functional.’’ 
The thoughts and activities around BIID disrupt social life, work, and family life. BIID individuals 
disclose their BIID to their family and friends in just half of the cases. 

Subjects who actually had performed amputation scored significantly lower on the Sheehan 
Disability Scale compared to those who had not. BIID individuals prefer being in harmony with 
one’s identity, even if it results in physical disability. Surgery appears to result in permanent 
remission of BIID and in an impressive improvement of quality of life, but conflicts with ethical 
standards of physicians indicating not to amputate healthy limbs.25,26

Since there are no clear differences in any other parameter between the amputation and 
paralyzation BIID variant, we consider these as the same condition. We hypothesize that amputation 
of the body part affected in the paralyzation variant would usually lead to incompatibility with life if 
it would be amputated and therefore people (unconsciously) prefer to be paralyzed. Alternatively 
individuals with the paralyzation variant may specifically seek to be paralyzed as such.

In the present study the main reasons reported for body modification in all subjects were to 
feel whole, complete, set right again or to feel satisfied inside, none of the subjects had primarily 
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ventory for measuring clinical anxiety: psycho-
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secretive, we cannot exclude with certainty that there is no overlap between cases reported in 
literature and the present study participants. For the paralyzation variant we do know these have 
not been reported, and results in this group and in the amputation variant are very similar which 
adds to the reliability of the results. Lastly, due to a limited sample size and widespread origin of 
the participants, results should be generalized only with caution.

CONCLUSION
BIID is a rare, infrequently studied and highly secretive condition in which a mismatch between 
mental body image and the physical body influences lives of affected persons in an extreme way. 
BIID results in an intense desire to amputate a major limb or severe the spinal cord in order to 
become paralyzed and may lead individuals to self-inflicted mutations. For the affected individuals, 
BIID desires are essential to life and not the result of major somatic or psychiatric morbidity. 
Further research is warranted to reveal the etiology of this condition. Physicians need to be aware 
of BIID when meeting someone with a wish for unusual body modifications. Careful discussions 
of this desire are essential. Next to surgery there is no effective management strategy at present 
but the sheer acknowledgment of and respect for the desires of BIID individuals may decrease the 
huge burden of BIID on their lives.

1. First MB. Desire for amputation of a limb: paraphilia, psychosis, or a new type of identity disorder. Psychol 
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SUPPORTING INFORMATION

QUESTIONNAIRE BODY INDENTITY INTEGRITY DISORDER

Dear sir/madam, 

You have been asked to participate in a research of the AMC to BIID. This part of the research 
consists of a questionnaire; which we will use to find characteristics occurring in individuals with 
BIID. Some questions will be general; other questions will be BIID related. BIID is a term that covers 
several conditions in which people feel their body-image does not match with their body shape. 
When we use the term “BIID” or “BIID feelings” here we mean to indicate all these different forms 
of the condition. For example, some people would like to have their leg to be amputated under 
their knee, whereas others prefer to resemble someone who is paralysed. It will take about 60 
minutes to fill in the questionnaire. The questions are in English; however you may answer the 
questions in English, French, German or Dutch.

If you have any questions; please do not hesitate to contact us.

Thank you for your help, 
Rianne Blom MSc, Prof. Damiaan Denys, and Prof. Raoul Hennekam

GENERAL
 
Date:    
Research number: 
Year of birth: 
Ethnic background:  Caucasian (European) / Caucasian (American) / Asian / Hispanic / 
African 
Sex:    male (XY) / female (XX) 
Gender:   male / female 
Eye color:  green / blue / brown / grey 
Hair color (natural): blond / dark blond / brown / black / red 
Length:   … cm or … feet 
Weight:   … kg or … lb 
Head circumference: … cm or … inches 
Education (graduated): primary school / secondary school / higher education / university 
degree 
Sexual orientation:  bisexual / heterosexual / homosexual 
Transsexual:  yes / no 
Handedness:  right-handed / left-handed 
Religion:   none / Buddhist / Catholic / Hindu / Jewish / Protestant / Muslim / 
other 
Marital status:  single / divorced / married / in a relationship / widowed 
Do you have children: yes / no 
Number of tattoos:  0 1 2 3 4 5< 
Number of piercings: 0 1 2 3 4 5<
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Reason 3: “In order to feel whole, complete, set right again”  yes / no 
Reason 4: “In order to feel sexually aroused or excited myself” yes / no 
Reason 5: “In order to feel satisfied inside” yes / no 
Reason 6: “Process of body-modification is the main focus” yes / no

If none of the reasons mentioned above fits you well or describes it completely, can you please 
describe which reason is for you important? 
If more than one reason would fit you, can you please indicate a row of order of importance to 
you of the various reasons? 
What is the most important reason? (choose from reason 1 to 6) 
What is the second most important reason? (choose from reason 1 to 6) 

MODIFICATION
Have you ever thought of modifying your body yourself? yes / no 
Have you ever tried to modify your body yourself? yes / no 
If yes, can you please describe how you proceeded and whether you succeeded? 
Have you ever consulted a professional (like a surgeon) to modify your body? yes / no 
If yes, did the professional help you to get the modification done? yes / no 
If yes, can you please describe what has been done to your body?

SEXUAL
Some people sometimes experience specific sexual desires. Can you please indicate whether 
one or more is true for you?
“I feel sexually aroused when thinking of someone disabled resembling my BIID” yes / no 
“I feel sexually aroused when seeing someone disabled resembling my BIID”  yes / no 
“I feel sexually aroused when I image myself being disabled” yes / no 
“I feel sexually aroused when I act like I’m disabled” yes / no 
“I feel sexually aroused when dressing like the other gender” yes / no 
“I feel sexually aroused when seeing specific non-living objects” yes / no

BIID TREATMENT
Have you ever sought professional help for you BIID feelings? yes / no 
Yes, I have contacted my:  general physician / surgeon / psychiatrist / neurologist / other / …..  
Have you ever been given any of the following treatments because of BIID? 
Antidepressants  yes / no  Was it helpful? yes / no 
Antipsychotics  yes / no  Was it helpful? yes / no 
Behavioral therapy yes / no  Was it helpful? yes / no 
Psychotherapy yes / no  Was it helpful? yes / no 
Surgery yes / no    Was it helpful? yes / no

MEDICAL GENERAL
Have you ever suffered from a physical illness? yes / no 
If yes, can you please describe this illness? 
Are you suffering from a physical illness at present? yes / no 
If yes can you please describe this illness?  
Do you have a chronic medical disorder? (Such as diabetics or hypertension) yes / no 

ONSET
At what age did your first BIID feelings start? … year 
Who has identified you with BIID? self / general practitioner / psychiatrist / other physician* 
At what age have you been identified with BIID? … year 
Did you experience a specific trigger at the moment you first BIID feelings started? yes / no 
If yes, could you please describe this/these triggers? 

MEDICAL
Have you ever medical problems with BIID affected body part(s) such as ulcers, operations, 
infections, fractures, diseases? yes / no 
If yes, can you please describe this / these problems? 
Does your BIID body part(s) feels inside different than your non BIID body part(s)?  yes / no 
If someone touches your BIID body part(s), does that feel different than when someone 
touches other body parts? yes / no 
If yes, can you describe the difference? 
If the temperature changes heavily, does your BIID body part reacted different than your other 
body parts? yes / no 
If yes, can you describe the difference?

BIID DESCRIPTION
How would you yourself describe your BIID? Please be as exact as possible. 
Below we have indicated several examples of BIID feelings. Can you please indicate to which 
you identify yourself most? It is possible to mark more than one condition. 
Left upper leg amputation / Right upper leg amputation / Left under knee amputation / Right 
under knee amputation / Left foot amputation / Right foot amputation / Left under arm 
amputation / Right under arm amputation / Left upper arm amputation / Right upper arm 
amputation / Left hand amputation / Right hand amputation / Paralysed at cervical level / 
Paralysed at lower back level / Partial-paralysed at cervical level / Partial-paralysed at lower back 
level / Other 

If other, please indicate how you would prefer to describe your BIID? 
Has your BIID changed over time? yes/no 
If so can you please describe your BIID just after the onset and how it is now? 
Did your BIID concern different body parts over time?  yes / no 
If no, what did change? 
Or did the BIID body part remain stable over time? yes / no 
What was the course of your BIID? Present all the time /sometimes fully present and sometimes 
present only in a limited way / sometimes fully present and sometimes complete absent 
What was the start of your BIID? Acute / Slowly 
If slowly, over what period of time did it start? 
Do you yourself have an explanation why you experience BIID?

Some BIID people have mentioned in the past several reasons why they would like their body 
to be different as it was. Can you please indicate which description would fit you best?
Reason 1: “Because of the attention it draws” yes / no 
Reason 2: “In order to be disabled and have others help me”  yes / no 
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ADAPTED VERSION OF THE YALE-BROWN OBSESSIVE COMPULSIVE SCALE (Y-BOCS)
There will follow some questions concerning the time that you are busy with your BIID and how 
much this interfere with your life. Examples of your ‘being busy with your BIID’ are: thinking 
of your BIID, fantasizing how it would be have a modified body, binding your legs, sitting in a 
wheelchair, speaking on the internet with peers, regarding images of disabled people on the 
internet etc.

1. How much of your time is occupied by your thoughts and activities around your BIID? 
0. None 
1. Mild (less than 1 hour a day) 
2. Moderate (1 to 3 hours a day) 
3. Severe (3 to 8 hours a day) 
4. Extreme (more than 8 hours a day)

2. How much do your thoughts and activities around your BIID interfere with your social or 
work functioning? 
0. None 
1. Mild, slight interference with social or occupational activities, but overall performance not 
impaired 
2. Moderate, definite interference with social or occupational performance, but still manageable 
3. Severe, causes substantial impairment in social or occupational performance 
4. Extreme, incapacitating

3. How much distress do your thoughts and activities around your BIID cause you? 
0. None 
1. Mild, not too disturbing 
2. Moderate, disturbing but still manageable 
3. Severe, very disturbing 
4. Extreme, near constant and disabling distress

4. How much of an effort do you make to resist the thoughts and activities around your BIID? 
0. I make an effort to always resist, or thoughts and activities are so minimal I do need to actively 
resist 
1. I try to resist most of the time 
2. I make some effort to resist 
3. I rarely make an effort to resist 
4. I never make an effort to resist

5. How much control do you have of your thoughts and activities around your BIID? 
0. Complete control 
1. Much control, usually able to stop or divert thoughts and activities 
2. Moderate control, sometimes able to stop or divert thoughts and activities 
3. Little control, rarely successful in stopping or dismissing thoughts and activities 
4. No control, thoughts and activities experienced as completely involuntary

If yes, can you please describe this disorder? 
Did you ever have surgery? yes / no 
If yes, please describe this/these operation(s) and your age at surgery 
Did you have a serious head injury as a child? yes / no 
If yes, can you please describe this injury and your age when you had this trauma? 
Do you have a psychiatric illness at present? yes / no 
If yes, please describe this illness? 
Have you had a psychiatric illness in the past? yes / no 
If yes, please describe this illness and at which age? 

GENERAL TREATMENT
Are you using any medication at the moment? yes / no 
Please describe which medication(s) you take 
1. Name: _____________________ Dose: ____________ Using since: ___________
2. Name: _____________________ Dose: ____________ Using since: ___________
3. Name: _____________________ Dose: ____________ Using since: ___________

FAMILY
Do close friends of you know of your BIID? yes / no / I have no close friends 
Does your partner know of your BIID?  yes / no / I have no partner 
Does your family know of your BIID? yes / no / I have no family 
Has someone of your family BIID as well? yes / no / not to my knowledge 
If yes, please indicate who in your family is having BIID as well? father / mother / son / 
daughter / grandfather / grandmother / cousin / niece / nephew / aunt / uncle / brother / sister/ 
other, ….
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ABSTRACT

Body integrity identity disorder (BIID) is a condition in which people do not perceive a part of 
their body as their own, which results in a strong desire for amputation or paralyzation. The 
disorder is likely to be congenital due to its very early onset. The English literature only describes 
Western patients with BIID, suggesting that the disorder might be merely prevalent in the West. 
To scrutinize this assumption, and to extend our knowledge of the etiology of BIID, it is important 
to trace BIID cases in non-western populations. Our objective was to review Chinese and Japanese 
literature on BIID to learn about its presence in populations with a different genetic background. 
A systematic literature search was performed in databases containing Japanese and Chinese 
research, published in the respective languages. Five Japanese articles of BIID were identified 
which described two cases of BIID, whereas in Chinese databases only BIID related conditions 
were found. This paper reports some preliminary evidence that BIID is also present in non-western 
countries. However, making general statements about the biological background of the disorder is 
hampered by the extremely low number of cases found. This low number possibly resulted from 
the extreme secrecy associated with the disorder, perhaps even more so in Asian countries.

INTRODUCTION

Body Integrity Identity Disorder (BIID) involves the desire to have a limb amputated or to be 
paralyzed in order to correct the perceived mismatch between a person’s sense of body identity 
and his or her actual anatomy.1–3 The etiology and prevalence of the disorder are poorly studied. Of 
the 100 to 200 cases described in the literature, most are males of Caucasian origin.1,4,5 To extend 
the limited knowledge of BIID, in this report, we try to retrieve BIID cases in the Asian literature. 

Originally, the disorder was seen as a paraphilia. According to this view, the comparison 
of an amputation stump with a phallus would lead to sexual arousal. The disorder was named 
apotemnophilia, which is ancient Greek for ‘love to cut away’.6,7 In the beginning of this century 
the incongruence between one’s experienced and assigned body thus became paramount to the 
sexual desire. Parallels -the ‘not feeling well in one’s body’- were made with gender dysphoria, 
and the condition was named ‘Body Integrity Identity Disorder’.1,5,8 To date, an alternative, 
neurobiological hypothesis about the etiology of this rare condition has been proposed. It has been 
suggested that the feeling of body ownership is mediated by a frontalparietal network, including 
multisensory integration areas, such as the parietal cortex and premotor cortex, as well as the 
insula.9,10 Structural and functional abnormalities in this network recently have been reported in 
BIID patients. Currently, some neuroscientists prefer to refer to the condition as xenomelia instead 
of BIID, as it is a more neutral term.11,12

Generalization of BIID features and prevalence estimations are hampered by the absence of 
epidemiological studies. Drawing from the 100 to 200 BIID patients described in case-reports and 
small cohorts we have learned that approximately eighty percent of the BIID patients is male and 
most of the patients have received higher education.1,4,5,13 Besides their BIID, patients are otherwise 
healthy individuals with no major psychiatric comorbidity.1,5,14 Nevertheless, they experience a high 
disease burden and there is no pharmacological or otherwise therapeutic treatment available.1,13 
BIID patients recognize the bizarre character of their wish to amputate or paralyze body parts, 
which results in being vigilant and reserved in sharing their feelings with others.1,14

Historically leg amputation is the most common variant of BIID, but other desired disabilities 
such as arm amputation, paralyzation or even blindness are proposed to be a form of BIID as 
well.2,3 Unlike in factious disorder, BIID patients do not aim for disability in order to gain any 
variety of benefit (i.e. attention, nurturance, leniency, profit) other than feeling at ease with their 
own body.1,5 There is no motor or sensory dysfunction of the affected body part and there is no 
pain, disease, conversion, psychosis or imagined ugliness that could explain the desirability of 
amputation.1,5,15 In some reported BIID samples, BIID is associated with a higher prevalence of 
homosexuality (around 40%) and is related to gender dysphoria.1,2,5,16 However, these prevalences 
could be an overestimation due to selection biases of the reported samples.1,5 The onset of BIID lies 
in early childhood and the main motivation for preferred body modification is that the particular 
body part feels supernumerary.1,5 Although familial BIID has not yet been described, it has been 
hypothesized that there might be a genetic background.1,17 The main rationale for suggesting this 
genetic background is that the disorder is likely to be congenital. Most patients with BIID have 
feelings of disownership from as long as they can remember, and those feelings are fixed and 
do not seem to be malleable by any form of therapy.1,10,17 It is uncertain whether the absence of 
reported familial cases results from their actual non-existence or because many patients with BIID 
do not share their bizarre wish with their loved ones.1

To the best of our knowledge, only cases in Western countries have thus far been described. 
Internet forums have even seen speculations that individuals with BIID might share a German 
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ancestry.18 However, this has not been confirmed. We aimed to investigate whether reports 
exist on BIID cases in Asian countries, in order to gain more knowledge of the origin of this rare 
condition. More specifically, our aim has been to learn whether BIID is influenced by cultural 
factors; to learn about its presence in populations with slightly different genetic backgrounds and 
to compare phenotypic characteristics across different populations. Therefore, we performed a 
literature search in local medical databases in People’s Republic of China and Japan in an attempt 
to find BIID patients with an Asian background. 

METHODS 

LITERATURE SEARCH
To find Japanese literature on BIID, a systematic search was performed in May 2013 in Ichushi Web, 
which is the largest Japanese database of medical literature. First, publications were retrieved by 
a computerized search of databases using the keywords 身体完全同一性障害. (身体 shintai 
= body or physical; 完全 kanzen = integrity, perfect or complete; 同一性 douitsusei = identity; 
障害 syougai = disorder). Five articles were found and all of them described patients with BIID. 
After reading the full text of the papers, it became apparent that some of them overlapped. Two 
cases described the same patient, doubly reported by some plastic surgeons and a dermatologist 
who both treated the same patient. The other three papers described another case. This case was 
reported by a group of plastic surgeons in three different papers (a conference report, a regular 
case report and in a review). We thus found two original cases. Second, to retrieve more papers the 
search was extended using BIID related keywords: “四肢limbs and 同一性障害identity disorder”, 
“肢切断術amputation and 自己self”, “四肢limbs and 自傷self-injury”, “四肢limbs and 偽麻痺

pseudo-paralysis”, “四肢切断愛者acrotomophilia”, “四肢切断熱望者apotemnophilia”, “四肢

limbs and切断者愛好devotee”, “四肢limbs and偽装pretender”, “四肢limbs and切望wannabe”. 
The extended search using BIID-related keywords revealed no new BIID articles, not even BIID 
related reports.

Furthermore, to discover Chinese papers about BIID, a systematic literature search was 
performed in the three main databases of Chinese articles including China Academic Journals Full-
text Database (1984-2013), Wan-fang Database (1998-2013), VIP Database (1989-2013). Initially, a 
search was performed using “ 躯体完整性认同障碍”or “截肢者认同障碍” (body integrity identity 
disorder); “肢体”and “认同障碍” (limbs and identity disorder). Through this search no BIID articles 
were found. Later, more keywords from Western BIID articles were retrieved. These terms were 
used in a second search and included: “自行截肢”(self-amputation); “截肢”(amputation); “肢体

自残”(limbs, self-injury); “自残”(self-injury); “假性瘫痪”(pseudo-paralysis); “慕残”or“慕残者” 
(acrotomophilia, devotee);“ 扮残”or“扮残者”(apotemnophilia, pretender); “自残者” (wannabe). 
In this second, extended search, some papers were retrieved. After reading the full texts, it turned 
out that the cases found mainly concerned self-injury, automutilation or amputation for other 
reasons. For example, there was a report of a man who amputated his arm after being crushed 
by a boiler for three days. Other papers described a man who cut his left palm and a woman who 
broke both her legs during a car accident. However, in these cases it was assumed that these 
measures were taken in order to claim money from medical insurance companies. In the end, 
therefore, we retrieved two cases of possible BIID in China.

RESULTS

The two cases from the articles found in the Japanese literature were translated from 
Japanese to English by a bilingual psychiatrist and are summarized in the following paragraphs. 
Case 1 is the report of a young female patient seen by the article’s authors (a dermatologist, a 
plastic surgeon and a consulting psychiatrist) after mutilation of her left leg.19 At age sixteen she 
was diagnosed with major depressive disorder and self-mutilating behavior such as wrist cutting 
and cigarette burning, for which she took antidepressants. She had a ‘feeling of wrongness’ 
relating to her left leg, and always had the feeling that she needed to cut it off herself. At the age 
of 18 she laid her leg in dry ice for several hours, after which a skin graft operation was necessary. 
The operation wound never healed completely, and the woman continued harming the unhealed 
wound. At age 21, she developed osteomyelitis, which resulted in an operative amputation of her 
left leg to the level above her knee. “I wanted to cut my leg from the beginning. I have a leg. That 
is the problem”, she argued. No official diagnosis of BIID had been made.

The second case is a 21 year-old man with a request for the amputation of his left leg after 
putting it in dry ice for six hours.20 The case is reported by the plastic surgeons who treated the 
patient. This patient had been experiencing a “feeling of wrongness”, relating to his left leg 
since he was a child; he adored Captain Hook and other amputees. Later on he was diagnosed 
with BIID by a consulting psychiatrist. The plastic surgeons opposed his request and performed 
reconstructive amputations, enabling him to walk, although with some difficulties. He still had a 
feeling of wrongness towards his leg, but he did not want to perform self-mutilation anymore. He 
was somehow satisfied because he felt his state was close to what he initially had in mind.

In the Chinese literature, two cases of possible BIID were retrieved. The first one was a letter 
from a psychologist who helped a woman on an internet forum.21 This 28-year old woman had 
pretended from childhood on to be disabled. She used medical supplies to enhance credibility. 
This pretending excited her. Being disabled granted her attention from others that she had always 
missed from her parents. The second letter is from a patient who asked why he is so obsessed with 
other people with disabilities.22 Seeing other amputees, especially girls, excited him and made 
him happy. Afterwards he felt remorse. He could not understand why he was so obsessed with 
disabilities. 

DISCUSSION

This paper describes four BIID related cases in the People’s Republic of China and Japan.19–22 
We hypothesize the patient in the first Japanese case suffered from BIID as she claimed her 
leg to be superfluous; her thoughts about her leg not being her own were very persistent and 
pharmacological therapy did not influence these BIID thoughts.19 One might argue that burning her 
leg with dry ice can be seen as self-injurious behavior, just as the patient performed wrist cutting in 
the past. However the wrist cutting seems more of an impulse control disorder; in contrast to the 
mutilation of the leg, which had been meticulously planned.  The second case from Japan reports 
explicit BIID features: the early onset, the feeling of overcompleteness and the perseverance of this 
thought.20 The patient’s adoration of Captain Hook may be either jealousy (“that is how I would like 
to be”) or a form of sexual attraction toward other amputees, better known as acrotomophilia.23 
Such feelings of jealousy and sexual attraction both have been described in BIID.2,16

The Chinese cases are less clear.21,22 Patients faking accidents in order to get medical insurance 
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fees are often described in the literature and these behaviors are known as simulation. However, 
due to the secrecy and shame that often accompanies BIID, some patients create accidents in 
order to get their leg amputated, without letting their relatives know the true reason of the 
accident.24,25 The woman who pretended to be disabled is not likely to suffer from BIID. Although 
pretending is a common symptom in BIID, her motivation to pretend was rooted in the attention it 
drew and not ‘to feel complete in her own body’.1,5,21 The patient that mentioned getting excited by 
seeing other amputees might be suffering from acrotomophilia. This condition can exist alongside 
BIID, although it may exist independently as well.5,16,22 

To summarize, after a search in Japanese literature one straightforward and one likely BIID 
case were found, both describing the amputation variant of BIID. In the Chinese literature, only 
BIID related conditions are described. The reports do not give sufficient information to reach 
any conclusions anything concerning the background of the symptoms. The fact that only few 
reports were found may have several causes. It is known that patients with BIID have difficulties 
in sharing their BIID-related feelings with people in their environment, because they are aware of 
the peculiarity of these feelings. In one of our other studies including 54 patients with BIID, just 
half of the patients shared their bizarre thoughts with spouses, friends or family.1 All the patients 
examined in this other study were from Western countries. Chinese and Japanese cultures are 
known to be more reserved when it comes to self-disclosure.26,27 Therefore, letting others in on 
BIID might be even more difficult. Likewise, in Japan and China it is assumed to be more difficult 
to live with an identity that most people would judge as unusual. For example, people with a 
homosexual identity or feelings of gender dysphoria are less publicly accepted than in some 
Western countries.28 Therefore, it might be more difficult for people with BIID to ‘come out of 
the closet’. Moreover, as literature is sparse, medical professionals might not be familiar with this 
condition. Therefore, individuals with BIID in these countries could easily be wrongly diagnosed. 
This might also explain why no paraplegia BIID cases have been reported, as this specific type has 
only recently been described in literature.

This article reports some preliminary evidence of BIID’s presence in non-western countries. The 
extremely low number of cases found hampers making general statements about the biological 
background of the disorder. However, BIID is a rare and extremely secretive condition, perhaps 
it is even more so in Asian countries, which poses a major obstacle estimating its prevalence. 
We hypothesize that the cases found are likely to be an underestimation of the presence of the 
disorder. On the other hand this might be a reflection of the extreme rarity of the disorder in 
the People’s Republic of China and Japan. Further research is needed to reveal the prevalence 
and phenomenological features of BIID in Asian and other non-western countries. We hope this 
paper will encourage the submission and publication of additional Chinese and Japanese papers 
on BIID and improve the screening of BIID in those countries. This should create more awareness 
of the existence of BIID among local healthcare workers. Awareness could subsequently lead to 
acknowledgment and respect for this unusual desire, which is always a first and crucial step in the 
treatment of BIID patients. 
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ABSTRACT

Our body feels like it is ours. However, individuals with body integrity identity disorder (BIID) lack 
this feeling of ownership for distinct limbs and desire amputation of perfectly healthy body parts. 
This extremely rare condition provides us with an opportunity to study the neural basis underlying 
the feeling of limb ownership, since these individuals have a feeling of disownership for a limb 
in the absence of apparent brain damage. Here we directly compared brain activation between 
limbs that do and do not feel as part of the body using functional MRI during separate tactile 
stimulation and motor execution experiments. In comparison to matched controls, individuals 
with BIID showed heightened responsivity of a large somatosensory network including the parietal 
cortex and right insula during tactile stimulation, regardless of whether the stimulated leg felt 
owned or alienated. Importantly, activity in the ventral premotor cortex depended on the feeling 
of ownership and was reduced during stimulation of the alienated compared to the owned leg. 
In contrast, no significant differences between groups were observed during the performance 
of motor actions. These results suggest that altered somatosensory processing in the premotor 
cortex is associated with the feeling of disownership in BIID, which may be related to altered 
integration of somatosensory and proprioceptive information.

INTRODUCTION
 

The feeling that our body belongs to us (‘body ownership’) appears so self-evident that it is difficult 
to believe otherwise. Remarkably, there are individuals that do not have the experience that all of 
their limbs belong to them. Individuals with the extremely rare condition body integrity identity 
disorder (BIID; also known as apotemnophilia and xenomelia) describe a feeling of alienation 
and ‘overcompleteness’ for a particular limb, and wish for amputation of this perfectly healthy 
body part. However, they do not suffer from delusions or psychosis and fully understand the 
bizarre nature of their wish. BIID is associated with significant functional impairment, but there 
is currently no effective pharmacological or psychotherapeutic treatment option. Interestingly, 
individuals that have undergone surgery consider amputation helpful and report lower disability.1,2

The feeling of body ownership has been suggested to be mediated by a frontoparietal network, 
including multisensory integration areas such as the parietal cortex and premotor cortex, as well 
as the insula.3–5 Initial lesion studies have observed that patients with parietal lobe damage may 
develop somatoparaphrenia, a condition in which patients deny the ownership of a limb.6–8 A 
more recent lesion mapping study suggested that the insula is most often affected in patients 
with disturbed sensation of limb ownership.9 Also damage to the premotor cortex has been 
associated with the lack of awareness of a limb (asomatognosia) in a case report.10 Other studies 
have investigated the feeling of ownership by making use of perceptual illusions. For example, by 
synchronous stroking of a rubber hand and one’s own unseen hand, participants tend to feel that 
the rubber hand is theirs.11 Neuroimaging studies of this rubber hand illusion in healthy individuals 
have implicated the ventral premotor cortex (PMv) in the feeling of body ownership.12,13 However, 
research with stroke patients showed that although intact white matter connections to the PMv 
are necessary for the body ownership illusion, patients with asomatognosia did not seem to have 
damage in regions connected to the PMv.14 This has led to the suggestion that an intact PMv 
is necessary to experience the rubber hand illusion, rather than mediating the actual feeling of 
body ownership.15 In addition, a blood flow positron emission tomography (PET) study in healthy 
individuals found that maintaining a limb ownership illusion is associated with increased activation 
in the right posterior insula.16 Thus, the different approaches that have been used to investigate 
body ownership do support the involvement of the frontoparietal network and insula but point to 
other nodes of the network mediating the feeling of ownership.

Various neural models for BIID have been proposed on the basis of these and other 
observations,17,18 but only recently studies have started to investigate the neural mechanisms of 
limb ownership in BIID. Individuals with BIID were reported to have altered cortical thickness and 
surface area in the parietal cortex and insula.19 Another study reported reduced parietal cortex 
responses to tactile stimulation of the affected limb.20 These studies focused on the parietal cortex 
and insula but did not report about the possible involvement of the PMv. In the present study, 
we investigated neural responses across the whole brain to tactile stimulation of the leg that felt 
alienated, as well as the other leg that felt as a normal part of their body while recording blood 
oxygen level dependent (BOLD) functional magnetic resonance imaging (MRI). We included a group 
of matched controls to account for normal responsivity to tactile stimulation. The participants also 
performed a motor execution task to determine whether the feeling of body ownership primarily 
originates in the somatosensory network or whether the motor network is involved.
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We included this latter condition because the first BIID participant noted that simultaneous stroking 
of his entire legs resulted in ‘‘an explosion in his head’’. However, none of the other participants 
noticed a similar effect and we therefore did not include this condition in the final analysis. To help 
the experimenter keep a steady brushing movement, the 1 Hz rhythm was projected on a screen. 
The mirror was removed from the head coil to prevent the possibility to see the tactile stimulation, 
such that the neural activations were unlikely mediated by the integration of visual and tactile 
information. One BIID participant reported that tactile stimulation of the upper alienated leg felt 
like it was in the desired amputation area, instead of above or below it. Therefore we decided not 
to use stimulation of the upper legs as a control condition or the proximal to distal condition and 
instead only compared stimulation of the lower owned and lower alienated legs.

The motor task consisted of twenty-four 16-second blocks of movement of the digits of one 
foot or hand alternated with sixteen seconds of rest. Participants were cued to flex and point 
the toes of the left or right foot or to clench and unclench the left or right hand with a speed of 
1 Hz.23,24 Digits of one limb were moved during six blocks and blocks were alternated between 
limbs in a pseudo-randomized order (no digits of one limb were moved in consecutive blocks). 
Participants were shown the 1 Hz rhythm on a screen so they knew the speed with which they 
should perform the movement. One BIID participant had a wish for amputation of his index finger 
in addition to his leg. We therefore decided to only compare between wiggling of the owned and 
alienated toes in the motor task.

DATA ACQUISITION
Magnetic Resonance Imaging was performed with a Philips 3 Tesla Intera MR system. For 
functional imaging, T2* weighted echo-planar images (EPI) with blood oxygen level dependent 
(BOLD) contrast were measured while subjects performed the motor and sensory task. Parameter 
settings were the following: Matrix size: 96x96; FOV: 220x220x122 mm; voxel size: 2.29x2.29x3 
mm3; slice gap: 0.3 mm; acquisition direction: ascending; TR: 2120 msec.; TE: 30 msec; Flip angle: 
80°; no. slices per volume: 40 slices. A structural T1-weighted image was also acquired for spatial 
normalization purposes, with the following parameters: Matrix size: 256x256, field of view (FOV): 
226x226x218 mm3, voxel size: 0.88x0.88x1.2 mm3, repetition time (TR): 9.6 sec., echo time (TE): 
4.6 msec.; Flip angle: 8°; no. slices: 182.

DATA ANALYSIS
MRI data were analyzed using FSL (http://fsl.fmrib.ox.ac.uk/ fsl/fslwiki/).25 Brains were extracted 
using BET. The functional images were slice time aligned (ascending), motion corrected, highpass 
filtered (64 sec.), smoothed temporally (FWHM of 2.4 sec.) and spatially (FWHM 5 mm) with a 
Gaussian filter. Functional images were aligned to the T1-weighted image acquired at the start of 
the session using normal search with 7 degrees of freedom and transformed, nonlinearly, based 
on this structural image, to MNI space. Explanatory variables were constructed for each of the 
tactile and motor conditions. Subsequently, time-series statistical analysis was performed using 
FILM for local autocorrelation correction. For the tactile stimulation experiment, the contrasts 
left lower leg>rest and right lower leg>rest were obtained. For the motor execution experiment, 
the contrasts left toe>rest and right toe>rest were obtained. Higher-level analysis was executed 
using a mixed effects model (FLAME 1+2) corrected for multiple comparisons across the entire 
brain using cluster-based thresholding (Z>2.3, p<0.05). In the higher-level analysis the appropriate 
first-level contrasts were pooled in a control group and a BIID group. To compare neural responses 
to stroking or moving the owned versus alienated leg in the BIID group, for three individuals with 

METHODS
 

Five male individuals with BIID and ten male matched healthy control participants (age mean ±SD, 
BIID: 36.6±10.3, controls: 42.0±11.6, t(13)=0.88, p=0.39; level of education (ISCED): BIID: 4.6±0.9, 
controls: 4.5±0.8, t(13)=-0.21, p=0.84; handedness (right/left): BIID: 4/1, controls: 9/1, χ2(1)=0.29, 
p=0.59) were recruited through advertisements on online forums and via other participants. BIID 
was diagnosed with a psychiatric assessment, using the definition of BIID as the existence of a 
lifelong desire to have an amputation with the primary objective to restore one’s true identity.2 
Furthermore, they were screened for the presence of DSM Axis I and II disorders. Characteristics of 
subjects with BIID are described in Table 1. In summary, one of the BIID participants had comorbid 
depression. Depression and anxiety have been reported as comorbid symptoms in 21–27.7% of 
cases.1,2 Since the wish for amputation is mostly a lifelong persistent desire and antedates the 
occurrence of comorbid psychiatric symptoms, this depression is more likely the consequence of 
suffering due to BIID rather than BIID being the consequence of this depression. Three individuals 
with BIID desired amputation of the right leg and two desired amputation of the left leg. Control 
participants did not have a history of psychiatric disorders. The study was approved by the Medical 
Ethical Committee of the Academic Medical Center (AMC) of the University of Amsterdam and 
after complete description of the study to the subjects, written informed consent was obtained.

Table 1. Subject characteristics of the individuals with Body Integrity Identity Disorder (BIID).

Subject Age 
(years)

Educational level Handedness Desired 
amputation

Onset BIID Psychiatric 
comorbidity

1 43 Higher education R L upper leg Childhood None

2 44 Secondary school R R lower leg Childhood Depression

3 33 University degree L R upper leg;   
R index finger

Childhood None

4 20 Secondary school R R upper leg Childhood None

5 43 University degree R L upper leg Childhood None

PROCEDURE AND EXPERIMENTAL PARADIGMS
First, two patches of skin for stroking of ~4x3 cm2 were marked per leg, one on each upper and 
lower leg above and below the line of desired amputation. The patches on the upper legs were 
marked 14–18 cm above the knee and 5 cm lateral, the patches on the lower legs were marked 
18–22 cm below the knee and five cm medial. We chose these configurations because the majority 
of individuals with BIID reported that they desired amputation just above or below the knee.1 
Thereafter the tasks were explained and practiced.

The tactile stimulation paradigm consisted of thirty 16-second blocks of stimulation alternated 
with sixteen seconds of rest. During rest participants were instructed to relax. The tactile 
stimulation comprised stroking of one skin patch by use of a brush with a speed of approximately 
1 Hz.21–23 Every patch was stimulated during six blocks and the order of the locations was pseudo-
randomized (no consecutive blocks on the same patch, to minimize habituation). In addition, there 
were six blocks in which the experimenter stroked both legs proximal to distal at the same time 
using two brushes in about four seconds, resulting in four whole leg strokes in a 16-second block. 
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group (p<0.05, corrected), not when the feeling of leg ownership was taken into account (group 
x ownership interaction), nor when the feeling of ownership was not considered (main group 
effect). This suggests that the feeling of limb disownership in individuals with BIID is not strongly 
related to altered activity in the motor system.

Table 2. Local maxima (thresholded at z > 3.1) within the significant clusters (z > 2.3, p < 0.05, corrected) for 
the main effect of group and the group x ownership interaction.

Region MNI coordinates Peak Z

x y z

Main effect (BIID > controls)a

R inferior occipital cortex 50 -86 -8 5.6

L fusiform gyrus -16 -84 -16 4.9

R precentral gyrus 24 -24 68 5.1

L precentral gyrus -12 -32 62 5.1

R precentral gyrus 2 -30 50 4.4

R ventral premotor cortex (PMv) 62 0 34 5.0

R ventral premotor cortex (PMd) 28 -6 56 3.3

R insula 48 10 -8 4.2

R supramarginal gyrus 68 -22 18 4.6

L fusiform gyrus -22 -52 -18 4.2

L precuneus -8 -58 54 4.2

L anterior cingulate cortex -8 0 42 4.4

R supplementary motor area 12 -8 64 3.9

R postcentral gyrus 8 -36 78 3.9

R precuneus 2 -56 64 4.1

L inferior temporal gyrus -54 -66 -24 3.9

L occipital pole -12 -88 26 4.2

Group x ownership interaction

L ventral premotor cortex (PMv) -52 12 24 3.6

L dorsal premotor cortex (PMd) -58 -10 42 3.2

a Local maxima for clusters with > 20 voxels are reported.

BIID the right leg was subtracted from the left leg, while for the remaining two individuals with 
BIID the left leg was subtracted from the right leg. This procedure ensures that the higher order 
neural representations for the alienated leg are aligned across individuals, but disregards potential 
differences that are specific to the affected side of the body. To control for unequal stroking and 
moving the right versus left leg, for six control participants the right leg was subtracted from the 
left leg, while for the remaining four controls the opposite was done to ensure equal left versus 
right stroking and moving between groups.

RESULTS

SOMATOSENSORY STIMULATION
We initially assessed whether the responsivity of the somatosensory network was altered in 
individuals with BIID. Therefore, we compared neural activity during stimulation of the left and 
right lower legs between the BIID and control groups, irrespective of which leg the individuals 
with BIID felt as not belonging to their body (i.e., the main effect of group; BIID (left+right>rest) 
vs. control (left+right>rest)). This analysis showed increased neural responsivity in two large 
clusters covering the frontoparietal network (main group effect; p<0.001, corrected) and the 
occipitotemporal cortex (p<0.001, corrected). The frontoparietal cluster included the dorsal 
premotor cortex (PMd), the precentral and postcentral gyri including the somatosensory cortex, 
and the superior parietal lobule bilaterally. Furthermore it also included the right PMv, insular 
cortex and supramarginal gyrus. The cluster in the occipito-temporal cortex included the lateral 
occipital cortex, the precuneus, inferior temporal cortex, fusiform gyrus and cerebellum bilaterally 
(see Fig. 1 and Table 2). There were no brain regions that showed significantly reduced responsivity 
to stimulation in the BIID group. Thus, the frontoparietal network implicated in body ownership 
was more sensitive to tactile stimulation in individuals with BIID than in controls.

To elucidate the neural activity associated with the absent feeling of body ownership, we 
compared neural activity during stimulation of the lower leg that felt alienated versus the lower 
leg that felt a normal part of the body, irrespective of whether this was the left or right leg (i.e., 
group x ownership interaction; BIID (alienated>owned) vs. control (corresponding left vs. right 
legs)). Stimulation of the alienated compared to the owned leg in BIID showed reduced activation 
in a cluster in the contralateral PMv and PMd in comparison to stimulation of the corresponding 
legs in healthy controls (p<0.007, corrected; see Fig. 2 and Table 2). No other brain regions showed 
this interaction, not even at a very lenient threshold (p>0.01, uncorrected).

There were no brain regions that showed significantly increased activity during stimulation of 
the alienated compared to owned leg in the BIID group. Thus individuals with BIID have reduced 
activation in the PMv and PMd contralateral to their alienated leg during stimulation of that leg.

MOTOR EXECUTION
To assess whether the feeling of body disownership was associated with altered activity in the 
motor network in individuals with BIID, we analyzed the data that were acquired during wiggling 
of the toes of the leg that felt alienated and the leg that felt a normal part of the body. No 
significant differences in motor execution activity were observed between the BIID and control 
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DISCUSSION

We investigated the neural basis underlying the feeling of body disownership in individuals 
with BIID. The results showed heightened sensitivity of the somatosensory network to tactile 
stimulation in individuals with BIID compared to controls. Importantly, the results also suggest 
that hypofunction in the PM is associated with the feeling of disownership of alienated limbs, 
indicating that the PM is involved in body ownership.

A large network including the PM, parietal cortex and insula showed heightened responsivity 
to stimulation in individuals with BIID, regardless of which leg was stimulated. We speculate that 
the individuals with BIID may have paid more attention to the tactile stimulation, resulting in 
increased somatosensory feedback and neural activity.26 The parietal cortex and insula have been 
implicated previously in body ownership in neuroimaging and lesion studies.9,16,27 While those 
studies have suggested that these multisensory integration areas might be necessary for body 
ownership, our results implicate that these regions do not likely mediate the actual feeling of body 
ownership, since we did not observe any differences in these areas between stimulation of the 
leg that felt alienated versus the leg that felt like a normal part of the body. This may explain why 
some stroke patients with insula lesions do not manifest symptoms of disturbed body ownership.9 
Activity in the insula and parietal cortex may therefore reflect multisensory information processing 
that is necessary for illusory ownership to occur, but these regions do not appear to contribute to 
the actual feeling of ownership.

The only brain region that was differentially activated for the owned and alienated leg was the 
PM. The results of our study therefore provide support for neural models that have suggested that 
the PM is crucial for body ownership.3 Previous support for this model has primarily come from 
studies that used perceptual illusions.12,13 Our results now suggest that the PM is also involved in 
the feeling of ownership for real limbs. The PM has been shown to respond to information from 
various modalities and is thought to integrate multisensory information.3,12,28,29 This suggests that 
the reduced PM BOLD response in BIID may be caused by altered integration of somatosensory 
and proprioceptive information. The feeling of body ownership is a complex function that involves 
many different brain regions including the parietal cortex and insula.3,5 The PM is structurally 
and functionally well connected to those brain regions, and may therefore be particularly well 
situated to integrate information that is distributed across a large brain network.30,31 Nevertheless, 
it remains to be elucidated how altered PM processing eventually leads to the desire to amputate 
a limb.

In contrast to tactile stimulation, the results showed no significant differences between groups 
during motor execution. Based on the available models for body ownership we expected that the 
feeling of limb disownership in BIID would primarily be related to altered representations in the 
somatosensory network.3–5 To investigate whether the motor network would also be involved, we 
included a motor execution experiment. Although negative results do not provide evidence for the 
absence of effects and the analyses are limited in power, these results do suggest that there are at 
least no large differences in the neural representation of the motor system in BIID.

Recently, two neuroimaging studies in BIID have been published. A structural MRI study 
reported subtle differences in cortical thickness and surface area across the parietal cortex and 
insula but did not analyze other brain regions. This suggests that altered PM processing may 
result from reduced integration of parietal cortex and insula information. However, the results 
of that study did not survive a stringent correction for multiple comparisons and therefore 
await replication.19 Furthermore, a magnetoencephalography (MEG) study compared neural 

Fig 2. Reduced neural responsivity in the left premotor cortex to tactile stimulation of the leg that felt 
alienated in individuals with Body Integrity Identity Disorder (BIID; group x ownership interaction). The 
figure shows one significant cluster including the ventral (PMv; middle) and dorsal (PMd; right). This analysis 
assesses neural responsivity to tactile stimulation of the leg that felt alienated versus the leg that felt a 
normal part of the body in individuals with BIID, in comparison to stimulation of the corresponding legs in 
healthy controls (Z>2.3, p<0.05, corrected).

Fig 1. Increased neural responsivity to tactile stimulation in individuals with Body Integrity Identity Disorder 
(BIID) compared to healthy controls (group main effect). The figure shows two significant clusters in the 
frontoparietal network and occipitotemporal cortex for the main effect of group. This analysis assesses 
neural responsivity to tactile stimulation of both legs, irrespective of which leg the individuals with BIID 
felt as alienated or as a normal part of the body (Z>2.3, p<0.05, corrected). The top panels show increased 
activation in the ventral (PMv) and dorsal (PMd) premotor cortex, the precentral and postcentral gyri, the 
superior parietal lobule, and the supramarginal gyrus. The bottom left panel shows increased activation in 
the precuneus, and the bottom right panel the increased activation in the right insula. VIII
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REFERENCE LISTresponses in the parietal cortex to tactile stimulation of alienated limbs in participants with BIID 
to stimulation of owned limbs in BIID and healthy control participants and found decreased right 
superior parietal lobule activation at 40–140ms after tactile stimulation.20 The present results 
showed that tactile stimulation of the lower legs, whether they are owned or alienated, led to 
increased activation in the parietal cortex compared to controls during 16 seconds of stimulation, 
and that the only differential activity distinguishing ownership from disownership lies in the 
PM. A possible explanation is that BIID is associated with initial parietal hyporesponsivity that is 
followed by sensitization. This might also account for their increased sympathetic responses to 
pinprick stimulation32 and may be mediated by recurrent feedback mechanisms. But although the 
parietal cortex is involved in body representations, our results and those of a previous transcranial 
magnetic stimulation (TMS) study suggest that it does not play a causal role in the feeling of body 
ownership.33 Additional studies are warranted to reconcile these observations.

These findings suggest that BIID has a neural basis that needs to be recognized as such in 
order for proper treatment to be developed. Individuals with BIID are often thought to be 
delusional or attention-seeking, but our and other findings20 indicate that the dysfunction lies in 
the body ownership network, congruent with the description of disownership of their alienated 
limb. Attempts to treat this condition with psychotherapy or pharmacotherapy have been 
unsuccessful.1,2,34 Recognition of BIID as a condition that is characterized by neural deficits in the 
body ownership network may lead to the development of new treatment options and provide a 
rationale for the establishment of a treatment plan. Furthermore, future studies could investigate 
whether direct modulation of PM activity by endogenous (e.g., neurofeedback using fMRI or 
electroencephalography (EEG)) or exogenous (e.g., neurostimulation using TMS or transcranial 
direct current stimulation (tDCS)) methods is effective. This may circumvent surgical procedures 
that currently appear the only effective treatment.

The main strength of our study is that it allowed to investigate the feeling of ownership of one’s 
actual limbs, rather than investigating illusory feelings of ownership. A limitation of our study is the 
small sample size, which may nevertheless be considered reasonable because BIID is an extremely 
rare condition. The small sample size also required us to disregard whether the left or right leg 
was affected, which may conceal potential differences that are specific to the affected side of the 
body. Furthermore, we prevented the integration of visual information with somatosensory and 
proprioceptive information. The integration with visual information is an important element under 
natural situations, which is not addressed in the present study. Additionally, we were not able to 
compare stimulation of the upper and lower legs because one BIID participant reported that tactile 
stimulation of the upper alienated leg felt like it was in the desired amputation area. Similarly, 
we were not able to compare clenching of the left and right hand because one BIID participant 
had a wish for amputation of his index finger in addition to his leg. Finally, it remains unclear 
whether altered PM activity is the cause of the feelings of alienation, or whether developmental 
differences in the feeling of body ownership lead to altered PM processing. Notwithstanding these 
limitations, our results suggest that feelings of body disownership are associated with reduced PM 
activity, which may be related to dysfunctional integration of somatosensory and proprioceptive 
information.
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INTRODUCTION

We are supposed to have an internal body scheme that can distinguish our physical body from other 
objects.1,2 However, there are cases in which persons feel that a specific body part is superfluous or 
alien. Such is the case in stroke patients who have suffered a hemorrhage in the parietal cortex and 
request the nurse to remove ‘that strange leg’ from their bed.3–5 Individuals with Body Integrity 
Identity Disorder (BIID) experience a difference between their internal body scheme and physical 
body shape from early youth on. As a result, they desire to be either amputated or paralyzed, in 
order to neutralize this conflicting internal and external body (scheme).6–8 Despite clear observed 
disturbance in brain structures in body-image stroke patients,3–5,9 there are few studies that can 
provide evidence for brain abnormalities in BIID.10,11

Originally BIID was seen as a mere psychological problem.12–14 The obsession to amputate one’s 
limbs was called apotemnophilia and seen as an erotic manifestation of hatred towards maternal 
figures.12,13 Later on, the incongruence between one’s experienced and assigned body was 
observed.15,16 Parallels -the ‘not feeling well in one’s body’- were made with transgenderism, and 
the condition was classified as an identity disorder (BIID).7 Nowadays, the disorder is hypothesized 
to be a congenital cerebral disorder.17–21 The early onset, the therapeutically unchangeable 
desire, the exact boundaries of the modification, and parallels in the symptomatology of 
several neurological conditions with an abnormal bodily experience (e.g. somatoparaphrenia or 
misoplegia) strengthen this hypothesis.14 

Next to the wish for limb amputation a milder variant of BIID is reported as well: the desire for 
non-functioning limbs.6,8,16 The so-called paralyzation variant is characterized by the same typical 
BIID features,6,8,16,22 with the exception of a higher percentage of females.6,8 Important to note, 
individuals with paralyzation BIID, only aim for non-functioning of the limbs and they prefer to 
keep the functions of the urogenital tract. In general, individuals with BIID do not aim for disability 
in order to obtain any sort of benefit other than feeling at ease with their own body. There is 
no conversion, imagined ugliness, pain or psychosis that could explain the desirability of body-
modification.6 Due to embarrassment for their bizarre wish, subjects with BIID rarely present 
themselves to medical professionals. This complicates investigating the disorder properly and 
results in the disorder not being officially recognized by the WHO.6,7 

Models of body-ownership are mainly based on studies with healthy individuals and patients 
with brain lesions. Studies in healthy individuals have often used an experimental paradigm 
called the rubber hand illusion (RHI). In the RHI a fake hand will be perceived as one’s own when 
the actual hand is touched simultaneously with the fake one and only the latter is seen.23 It is 
hypothesized that this illusion comes about by integration of multisensory (visual, proprioceptive 
and tactile) stimuli and a pre-existing body scheme that contains a reference description of the 
body.1,2 In general, important brain areas involved in this illusion are the visual and primary 
sensory (SI) cortices that are involved in recognizing multisensory stimuli and the parietal cortex 
that is involved in multimodal integration.1,2,24 Furthermore, most RHI studies report that the 
ventral premotor cortex is crucial to the emergence of the ownership experience,1,24–28 although 
there is some evidence that the insular cortex is also involved in the maintenance of the sense of 
body ownership.2,29

 Lesions in brain areas involved in this body ownership network lead to a variety of neurological 
body-ownership pathologies.4,30 Somatoparaphrenia patients misidentify the ownership of a left-
sided body part;3,30 in misoplegia the loss of recognition goes along with hatred of a body part;31,32 
in alien hand syndrome involuntary movements and estrangement from a particular limb are 

ABSTRACT

Background Body Integrity Identity Disorder (BIID) is a condition in which individuals perceive a 
mismatch between their internal body scheme and physical body shape, resulting in an absolute 
desire to be either amputated or paralyzed. The condition is hypothesized to be of congenital 
nature, but evidence for a neuro-anatomical basis is sparse.
Methods We collected T1-weighted structural magnetic resonance imaging scans on a 3T scanner 
in eight individuals with BIID and 24 matched healthy controls, and analyzed the data using voxel-
based morphometry.
Results The results showed reduced grey matter volume in the left dorsal and ventral premotor 
cortices and larger grey matter volume in the cerebellum (lobule VIIa) in individuals with BIID 
compared to controls. 
Conclusion The premotor cortex and cerebellum are thought to be crucial for the experience of 
body-ownership and the integration of multisensory information. Our results suggest that BIID is 
associated with structural brain anomalies and might result from a dysfunction in the integration 
of multisensory information, leading to the feeling of disunity between the mental and physical 
bodyshape.
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IMAGE PROCESSING
We examined images for scanning and motion artefacts and large anatomical abnormalities before 
processing. Subsequently, we centered all images manually at the anterior commissure and pre-
processed them with SPM8 (https://www.fil.ion.ucl.ac.uk/spm/sofware/) implemented in Matlab 
8.1.0 (The Mathworks Inc., Natick, MA). Pre-processing for VBM included segmenting structural T1 
images into gray matter (GM), white matter (WM), cerebrospinal fluid and skull, manually quality 
control check, normalization to MNI space, modulation with the Jacobian determinant, and spatial 
smoothing (Gaussian kernel of 12-mm full-width at half maximum), using the standard tools of 
SPM8. The obtained images were used for statistical analysis.

STATISTICAL ANALYSES
We compared demographics using non-parametric tests (the Mann-Whitney U test) for linear 
variables and chi-square test for dichotomous variables in SPSS (IBM SPSS for Windows, 20.0, 
2011). Voxel-wise statistical tests were family-wise error (FWE) rate corrected for multiple 
comparisons (p<0.05) across the whole brain or the region of interest (ROI), and were corrected 
for total intracranial volume (TIV) by including TIV as covariate of no interest. Given our a-priori 
knowledge of the involvement of the left dorsal and ventral premotor cortex related to BIID in 
our previous study, we applied a small volume correction (SVC) to these regions by centering a 
sphere of 15mm radius around the meta-analytic center of the premotor cortices based on a 
study by Mayka et al. (2006) (i.e. PMd x=-30; y=-4; z=58 and PMv x=-50; y=5; z=22).37 Moreover, 
for exploratory purposes we applied SVC to regions found in the only other BIID MRI paper of Hilti 
et al.10 by centering spheres of 15mm radius around their peak-coordinates found (i.e. superior 
parietal lobule x=17 y=-50 z=61; inferior parietal lobule x=57 y=-27 z=38; central sulcus x=33 y=-16 
z=40; anterior insular cortex, upper cluster y=32 x=25 z=9; anterior insular cortex, lower cluster 
x=32 y=20 z=-4; primary somatosensory cortex x=5 y=-38 z=62; secondary somatosensory cortex 
x=54 y=-3 z=9; inferior parietal lobule x=35 y=-31 z=42) and combined those into one region 
of interest. In addition, we reported clusters of more than 10 contiguous voxels, tresholded at 
p<0.005 uncorrected for multiple comparisons. 

RESULTS

SUBJECTS
We recruited eight individuals with BIID and 24 matched healthy controls without a neurological 
or psychiatric history (Table 1). Characteristics of subjects with BIID are described in Table 2. In 
summary, two of the BIID participants had a psychiatric co-morbid mood disorder, resulting from 
having to deal with BIID, a strange, untreatable condition. Three individuals with BIID desired 
amputation of the right leg, two the left leg, one desired both legs to be amputated and two 
desired both legs to be paralyzed.

VOXEL-BASED MORPHOMETRY DATA
Global brain measures did not differ significantly between groups (Table 1). Gray matter volumes in 
both the left PMd and left PMv were significantly smaller in BIID patients than in healthy controls 
(Figs 1 and 2). Gray matter volume of the left cerebellum (lobule VII) was significantly larger in 
BIID patients than in healthy controls (Table 3, Fig 3). To explore whether the BIID patients in our 
study showed similar gray matter abnormalities as reported in the only other study on BIID, we 

prominent33,34 and asomatognosonia patients lack awareness of a limb30, although sometimes this 
misconception can (temporarily) be corrected. The right posterior insula seems to be a crucial 
structure in patients with disturbed sensation of limb ownership,4,9 but some case-studies also 
report patients with alien hand syndrome and asomatognosia with single lesions in the corpus 
callosum33,35 or premotor cortex36 respectively. 

One study investigated structural anomalies in subjects with BIID. In 2013, Hilti et al. preformed 
structural imaging in thirteen male patients with a strong desire for amputation and an equal 
number of matched controls.10 Surface-based morphometry revealed group differences in the 
somatosensory and parietal cortices, although the results did not remain significant after correcting 
for multiple comparisons. Hilti et al. assumed that BIID is not a disorder that can be localized in any 
circumscribed region of the human brain, but assumed that it reflected a breakdown of key areas 
coding for different facets of the experience of body-ownership.10

We recently reported the results of a functional MRI study in individuals with BIID.11 We 
included five BIID patients with a single leg amputation desire and matched them to healthy 
controls. Our study showed that individuals with BIID have overall heightened responsivity of 
a large somatosensory network during tactile stimulation of both legs. Importantly, we found 
reduced activity in the left premotor cortex during stimulation of the disowned leg compared 
to the owned leg, suggesting that altered somatosensory processing in the premotor cortex is 
associated with the feeling of disownership in BIID.11

 To investigate whether altered processing in the premotor cortex is associated with differences 
in neuroanatomy, we now also analyzed the structural MRI data from our previous study in a 
slightly larger sample of participants. In line with our previous findings, we hypothesized that 
BIID could be associated with differences in cortical gray or white matter volume of the premotor 
cortices.

METHODS

PARTICIPANTS
BIID participants were recruited through advertisements on online BIID forums and via other 
participants and were matched to healthy controls (HC). In order to increase power we collected 
thrice as many HC as individuals with BIID. BIID was diagnosed with a psychiatric assessment, 
using the definition of BIID as the existence of a lifelong desire to have either an amputation or 
paralyzation with the primary objective to restore one’s true identity. Furthermore, patients were 
screened for the presence of DSM-IV axis I disorders. The study was approved by the Medical 
Ethical committee of the Academic Medical Center (AMC) of the University of Amsterdam and 
written informed consent was obtained after complete description of the study to the subjects.

IMAGE ACQUISITION
We acquired a T1-weighted whole brain high-resolution MRI on a 3 Tesla Intera full-body scanner 
(Philips Healthcare, Best, The Netherlands), equipped with a SENSE eight-channel receiver head 
coil, with the following parameters: matrix size: 256 x 256, field of view (FOV): 226 x 226 x 218 
mm3, voxel size: 0.88 x 0.88 x 1.2 mm3, repetition time (TR): 9.6 msec., echo time (TE): 4.6 msec.; 
Flip angle: 8º; no. slices: 182. Head movement was restricted using foam padding.
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Table 1. Subject characteristics and global brain measures of BIID patients (BIID) and healthy controls (HC)

BIID n= 8 HC n=24

Males (n – (%)) 7/8 (87.5) 21/24 (87.5)

Age in years (mean – (sd)) 39 (9.6) 41 (10.6)

High education levela (n – (%)) 6/8 (75) 14/17 (82.3)b

Right handed (n – (%)) 6/8 (75) 15/17 (92.2) b

White matter volume cm2 (mean (sd)) c 561.50 (42.6) 541.29 (53.1)

Gray matter volume cm2 (mean (sd)) c 648.00 (52.5) 632.67 (65.0)

Total intracranial volume cm2 (mean (sd)) c 1596.62 (105.9) 1572.25 (138.4)

a High education level = > 16 years of education.
b Missing variables for 7 subjects; cMWU-test, p=ns

Table 2. Subject characteristics of Body Integrity Identity Disorder (BIID) patients

Subject Sex Age 
(years)

Educational 
levela 

Handedness Desired 
modificationb

Onset BIID 
(years)

Psychiatric 
history

1 Female 31 High R Both legs 
paralysis 

5 Dysthymia

2 Male 43 High R L upper leg 
amputation

7 None

3 Male 47 High R Both upper legs 
amputation

8 None

4 Male 33 High L R upper leg/ 
R index finger 
amputation

5 None

5 Male 43 High R L upper leg 
amputation

4 None

6 Male 44 Low R R lower leg 
amputation

8 Depressive 
episode

7 Male 47 High R Lower back 
paralysis

10 None

8 Male 20 Low L R upper leg 
amputation

7 None

 a Low = ≤ 16 years of education; High = >16 years of education b L=left, R=right

created an ROI that included all the regions that were reported in Hilti et al. The brain region with 
the maximum difference was located in at the right inferior parietal lobule, but did not survive 
the SVC (p=0.191 (SVC), T=3.54, maximum difference at MNI x=24 Y; y=-36; z=48). There were no 
other significant differences in gray or white matter after correction for multiple comparisons. For 
exploratory purpose, results at p<0.005 uncorrected were reported in Tables 3 & 4.

Table 3. Results from the whole brain analysis corrected for total intracranial volume for grey matter volume 
differences between BIID patients (BIID) and healthy controls (HC). Values are displayed for clusters with >10 
voxels at an initial threshold of p <0.005 uncorrected; L: left; R: right

Anatomical region L/R MNI 
coordinates
 x        y         z

Cluster 
size

T Z Peak level 
p (FWE-corr)

Peak level 
p (uncorr)

Larger 
volume 
in

Ventral premotor 
cortex (PMv)

L -36 6 22 66 4.33 3.77 0.006a <0.001 HC

Dorsal premotor 
cortex (PMd)

L -18 -6 52 166 4.27 3.73 0.007a <0.001 HC

Sub-gyral 
(temporal lobe)

R 44 -16 -20 116 3.58 3.23 0.888 0.001 HC

Sub-gyral 
(parietal lobe)

R 24 -38 50 120 3.55 3.21 0.900 0.001 HC

Cuneus L -22 -82 10 60 3.54 3.20 0.906 0.001 HC

Parahippocampale 
gyrus

R 18 -16 -20 13 3.49 3.16 0.925 0.001 HC

Sub-gyral 
(parietal lobe)

L -20 -34 46 36 3.31 3.02 0.973 0.001 HC

Supramarginal gyrus 
(parietal lobe)

L -44 -42 30 41 3.24 2.97 0.983 0.002 HC

Superior temporal 
gyrus 
(temporal lobe)

L -40 -36 6 16 3.06 2.82 0.996 0.002 HC

Cerebellum 
(Lobule VIIa, Crus II)

L -2 -90 -34 902 5.47 4.50 0.038 <0.001 BIID

Pons L -12 -22 -26 388 4.43 3.84 0.320 <0.001 BIID

Superior medial 
frontal gyrus

R 12 62 34 10 3.21 2.94 0.986 0.002 BIID

Anterior cingulate 
cortex

R 2 -40 2 32 3.14 2.89 0.992 0.002 BIID

Parahippocampale 
gyrus

R 34 -48 -8 53 3.17 2.91 0.990 0.002 BIID

Cerebellum 
(Lobule NA)

R 38 -70 -60 25 2.96 2.75 0.998 0.003 BIID

a p-value after small volume correction
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Fig 2. Significant smaller grey matter volume in the left dorsal premotor cortex in BIID subjects (PMd: p=0.007 
(SVC), T =4.33, maximum difference at MNI x=-18; y=-6; z=52)

Fig 1. Significant smaller grey matter volume in the left ventral premotor cortex in BIID subjects (PMv: p=0.006 
(SVC), T=4.27,maximum difference at MNI x=-36, y=6, z=22) 

Fig 3. Significant larger grey matter volume in the left cerebellum in BIID subjects (p=0.038 FWE corrected), 
T=5.47, maximum difference at MNI x=-2, y=-90, z=-34) 

Table 4. Results from the whole brain analysis corrected for total intracranial volume for white matter volume 
differences between BIID patients (BIID) and healthy controls (HC). Values are displayed for clusters with >10 
voxels at an initial threshold of p <0.005 uncorrected; L: left; R: right. 

Anatomical region L/R MNI 
coordinates
 x         y        z

Cluster 
size

T Z Peak level
p (FWE-corr)

Peak level
p (uncorr)

Larger 
volume 
in

Superior Frontal Gyrus L -14 26 58 18 3.47 3.15 0.923 0.001 HC
Superior Temporal 
Gyrus

R 58 -12 -6 46 3.36 3.06 0.923 0.001 HC

Sub-gyral 
(frontal lobe)

L -20 -6 54 90 4.16 3.65 0.478 <0.001 BIID

Inferior Frontal Gyrus L -44 10 26 36 3.95 3.50 0.633 <0.001 BIID
Middle Frontal Gyrus L -24 54 14 88 3.92 3.48 0.654 <0.001 BIID
Cerebellum posterior 
lobe

L -14 -68 -38 398 3.63 3.27 0.847 0.001 BIID

Supramarginal gyrus 
(parietal lobe)

R 42 -50 28 36 3.33 3.04 0.964 0.001 BIID

Inferior Parietal Lobe L -52 -42 28 21 3.19 2.93 0.986 0.002 BIID
Cerebellum anterior 
lobe

R 18 -60 -32 143 3.07 2.83 0.995 0.002 BIID

Cingulate gyrus R 6 -20 28 25 2.99 2.77 0.998 0.003 BIID
Thalamus R 16 -10 14 15 2.90 2.70 0.999 0.004 BIID
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DISCUSSION

In this study we investigated structural brain differences in eight BIID subjects with either a 
paralyzation or amputation variant using VBM. As expected we found significantly reduced gray 
matter volume in the left dorsal (PMd) and ventral (PMv) premotor cortices in BIID subjects 
compared to controls. Moreover, we additionally observed larger gray matter volume in the 
cerebellum (lobule VIIa) of BIID subjects compared to HC participants.

 In line with the altered PM processing that we reported earlier in our functional MRI 
study in BIID individuals, we found structural PM gray matter differences.11 It is accepted that 
the integration of visual, tactile and proprioceptive information across different body parts 
contributes to the perception of body ownership.1,2,38,39 Activity in the premotor cortex (PM) has 
been shown to reflect the feeling of ownership of a limb by cortical integration of this multisensory 
information.11,27,38 Especially the PMv is hypothesized to be crucial in the self-attribution of body-
parts. The PMv is anatomically connected to somatosensory and visual areas in the posterior 
parietal cortex and to frontal motor areas.38,40

 In perceptual illusions and our BIID study the PM seems crucial in experiencing body-
ownership, while in stroke patients with disturbance in body-image (n=70), no difference in PM 
connectivity was found.25 Body-ownership problems in neurological patients are mainly seen as 
impairment of the parietal cortex and insula.9,41 From a clinical point of view, the loss of recognition 
of a particular body part is prominent in those neurological patients,3,30 whereas subjects with BIID 
admit that their limbs are theirs but experience an internal struggle of feeling overcomplete with 
four functioning limbs.6,14,18 Therefore, PMv could be more related to the higher order inner body-
experiences, whereas the parietal and insular cortex deficits result in a more primary disturbance 
when it comes to processing visual and sensory information leading to recognition of body-parts. 
This is underlined by a recent study of Lenggenhager et al. in which nine BIID subjects were able 
to experience a rubber foot illusion, although the vividness of the illusion was stronger than in 
controls.42 Following this hypothesis, the paralyzation-variant can be seen as a ‘milder form of 
BIID’, disintegrating the multisensory information to the extent that limbs are not functioning. 
Whereas a stronger dysfunction can be related to a stronger desire, i.e. amputation of the limbs.

 One can only speculate about the possible mechanisms underlying the gray matter differences 
in the PM in BIID, as differences in gray matter could lead to or may be the consequence of 
abnormal body experience and PM processing. BIID subjects report symptoms of estrangement 
from early youth on.6,7 This strengthens the idea of a congenital cause of the condition.17 The gray 
matter reductions might therefore be attributed to an early developmental problem. On the other 
hand, reduced neuronal activity in the PM could lead to structural changes of this area.

The finding of enlarged gray volume in the cerebellum (lobule VIIa, crus II) was unexpected. 
From an anatomical point of view prefrontal and posterior parietal cortices are reciprocally 
interconnected with cerebellar lobule VIIa.43 Functionally this lobule is involved in emotional and 
cognitive processing.44 In another psychiatric body-image disorder structural cerebellar differences 
have been found. In anorexia nervosa (AN) patients, in which a distorted body image is a major 
component of their condition, atrophy of crus I and II of the cerebellum was found and related to 
mood alterations and cognitive rigidity.45,46 However, a meta-analysis of structural MRI data in AN 
patients did not confirm this cerebellar volumetric differences.47 Little is known about emotional 
and cognitive processing in BIID. Clinical studies in BIID report mood symptoms accompanying 
an unsolved desire.6,22 Remarkably those depressive symptoms disappear after (self) amputation 
of their limb.20,48,49 Through limbic projections on the cerebellum, this structure is an important 

region in neuroanatomical models of mood-disorders.50 One study formally assessed emotional 
processing in BIID.51 Seven individuals with BIID were tested in facial emotion recognition and 
emotional responses to disgusting images and, in general, showed no emotional impairment.51 

Functional imaging data are needed to test whether over-activity of the emotional brain circuitry, 
including the cerebellum, is present in BIID as a result of life-long depressive symptoms.

 In addition to emotional processing, the cerebellum is also suggested to be involved in 
multisensory integration leading to the feeling of body-ownership, next to the PMv. Cerebellar 
activity, as well as premotor activity, was found to correlate with the strength of the ownership 
illusion in healthy controls.24,38 Whereas in patients with neurodegenerative cerebellar ataxia, a 
reduced sense of the subjective illusory experience was observed.52 Strikingly enough, the PM 
was intact in those patients, suggesting that an intact ventral premotor cortex is not sufficient 
to generate an intact illusion.52 Moreover, our fMRI study showed that the cerebellum displays 
heightened activity in BIID during tactile stimulation.11 Overall, one could hypothesize that, in BIID 
subjects, impaired PM functioning (reduced GM) leads to over-activity of the lobule VIIa of the 
cerebellum, leading, in turn, to increased volumetric differences of this structure. 

 One other neuro-imaging study investigated structural brain abnormalities in BIID. It reported 
subtle differences in cortical thickness and surfaces area across the insula and parietal cortex, 
although those results did not survive correction for multiple comparisons.10 Differences in the PM 
and cerebellum were not reported but were also not included as regions of interest. Furthermore, 
our results show also differences in the parietal cortex at an exploratory statistical level and partly 
replicate the results of Hilti et al.10 In both our study and the study of Hilti et al. structural gray 
matter abnormalities in the superior and inferior parietal lobe and frontal lobe were found. These 
might be the result of altered neuronal activity in the frontoparietal network involved in the 
experience of body-ownership in BIID.11,17,53 The finding of structural frontoparietal abnormalities 
in two BIID studies provides evidence for the actual presence of these deviations, and therefore 
point to the direction that the anomalies may not reach statistical significance as a result of limited 
statistical power due to a limited number of these rare cases included in both studies.

 This is the first VBM study reported in BIID subjects, including both the paralyzation and 
amputation variant of BIID, assuming both are of the same disorder since restoring the primary 
body identity is the main motivation for body modification, and both disorders only included 
disunity of the limbs (i.e. not the urogenital tract). After the main analysis, we would have 
preferred to stratify on both variants, although the number of subjects was not sufficient enough 
to do so. In addition, the small sample places limitations on generalizability. However, a sample 
size of eight affected subjects is still considered reasonable due to the rarity of BIID. To increase 
statistical power, we included three times as many healthy controls.

In conclusion, we found volumetric differences in BIID in the left premotor cortex and cerebellum 
(left lobule VII) using VBM. Both structures are hypothesized to be crucial for the experience of 
body-ownership and to integrate multisensory information. Considering these findings BIID could 
result from a dysfunction in the integration of multisensory information causing the feeling of 
disunity between the mental and physical bodyshape. Further research is warranted to replicate 
these findings and correlate them to fMRI data. More importantly, this evidence underlines the 
suggestion of a neural basis of BIID, and turns away from classifying the symptoms as a mere 
psychological condition. This is particularly important for the acknowledgement of the disorder as 
official in ICD-11, which will facilitate the quest to targets for new therapies.



-124- -125-

CHAPTER IX BRAIN ANOMALIES IN BIID

IX

1. Makin TR, Holmes NP, Ehrsson HH. On the 
other hand: dummy hands and peripersonal 
space. Behav Brain Res 2008; 191: 1–10.

2. Tsakiris M. My body in the brain: a neurocog-
nitive model of body-ownership. Neuropsy-
chologia 2010; 48: 703–12.

3. Vallar G, Ronchi R. Somatoparaphrenia: a body 
delusion. A review of the neuropsychological 
literature. Exp brain Res 2009; 192: 533–51.

4. Baier B, Karnath H-O. Tight link between our 
sense of limb ownership and self-awareness of 
actions. Stroke 2008; 39: 486–8.

5. Cereda C, Ghika J, Maeder P, Bogousslavsky J. 
Strokes restricted to the insular cortex. Neu-
rology 2002; 59: 1950–5.

6. Blom RM, Hennekam RC, Denys D. Body in-
tegrity identity disorder. PLoS One 2012; 7: 
e34702.

7. First MB. Desire for amputation of a limb: 
paraphilia, psychosis, or a new type of identity 
disorder. Psychol Med 2005; 35: 919–28.

8. Giummarra MJ, Bradshaw JL, Hilti LM, Nichol-
ls MER, Brugger P. Paralyzed by desire: a new 
type of body integrity identity disorder. Cogn 
Behav Neurol 2012; 25: 34–41.

9. Karnath H-O, Baier B. Right insula for our 
sense of limb ownership and self-awareness of 
actions. Brain Struct Funct 2010; 214: 411–7.

10. Hilti LM, Hänggi J, Vitacco DA, et al. The desire 
for healthy limb amputation: structural brain 
correlates and clinical features of xenomelia. 
Brain 2013; 136: 318–29.

11. van Dijk MT, van Wingen GA, van Lammeren A, 
et al. Neural basis of limb ownership in individ-
uals with body integrity identity disorder. PLoS 
One 2013; 8: e72212.

12. Money J, Simcoe, Kent W. Acrotomophilia, sex 
and disability: new concepts and case report. 
Sex. Disabil. 1984; 7: 43–50.

13. Money J, Jobaris R, Furth G. Apotemnophil-
ia: two cases of self-demand amputations as 
paraphilia. J Sex Res 1977; 13: 115–25.

14. Sedda A, Bottini G. Apotemnophilia, body in-
tegrity identity disorder or xenomelia? Psychi-

atric and neurologic etiologies face each other. 
Neuropsychiatr Dis Treat 2014; 10: 1255–65.

15. Everaerd W. A case of apotemnophilia: a hand-
icap as sexual preference. Am J Psychother 
1983; 37: 285–93.

16. Bruno RL. Devotees, pretenders and wan-
nabes: two cases of factitious disability disor-
der. Sex Disabil 1997; 15: 243–60.

17. Brang D, McGeoch PD, Ramachandran VS. 
Apotemnophilia: a neurological disorder. Neu-
roreport 2008; 19: 1305–6.

18. Brugger P, Lenggenhager B, Giummarra MJ. 
Xenomelia: a social neuroscience view of al-
tered bodily self-consciousness. Front Psychol 
2013; 4: 204.

19. Giummarra MJ, Bradshaw JL, Nicholls MER, 
Hilti LM, Brugger P. Body integrity identity 
disorder: deranged body processing, right 
fronto-parietal dysfunction, and phenomeno-
logical experience of body incongruity. Neuro-
psychol Rev 2011; 21: 320–33.

20. Blom RM, Hennekam RCM. [Desire for ampu-
tation in body integrity identity disorder]. Ned 
Tijdschr Geneeskd 2014; 158: A7146.

21. Lenggenhager B, Hilti L, Palla A, Macauda G, 
Brugger P. Vestibular stimulation does not di-
minish the desire for amputation. Cortex 2014; 
54: 210–2.

22. First MB, Fisher CE. Body integrity identity dis-
order: the persistent desire to acquire a physi-
cal disability. Psychopathology 2012; 45: 3–14.

23. Botvinick M, Cohen J. Rubber hands ‘feel’ 
touch that eyes see. Nature 1998; 391: 756.

24. Ehrsson HH, Spence C, Passingham RE. That’s 
my hand! Activity in premotor cortex reflects 
feeling of ownership of a limb. Science 2004; 
305: 875–7.

25. Zeller D, Gross C, Bartsch A, Johansen-Berg 
H, Classen J. Ventral premotor cortex may be 
required for dynamic changes in the feeling 
of limb ownership: a lesion study. J Neurosci 
2011; 31: 4852–7.

26. Bekrater-Bodmann R, Foell J, Diers M, Flor H. 
The perceptual and neuronal stability of the 

REFERENCE LIST rubber hand illusion across contexts and over 
time. Brain Res 2012; 1452: 130–9.

27. Gentile G, Björnsdotter M, Petkova VI, Ab-
dulkarim Z, Ehrsson HH. Patterns of neural 
activity in the human ventral premotor cortex 
reflect a whole-body multisensory percept. 
Neuroimage 2015; 109: 328–40.

28. Limanowski J, Blankenburg F. That’s not quite 
me: limb ownership encoding in the brain. Soc 
Cogn Affect Neurosci 2016; 11: 1130–40.

29. Tsakiris M, Hesse MD, Boy C, Haggard P, Fink 
GR. Neural signatures of body ownership: a 
sensory network for bodily self-consciousness. 
Cereb cortex 2007; 17: 2235–44.

30. Feinberg TE, Venneri A, Simone AM, Fan Y, 
Northoff G. The neuroanatomy of asomatog-
nosia and somatoparaphrenia. J Neurol Neu-
rosurg Psychiatry 2010; 81: 276–81.

31. Loetscher T, Regard M, Brugger P. Misoplegia: 
a review of the literature and a case without 
hemiplegia. J Neurol Neurosurg Psychiatry 
2006; 77: 1099–100.

32. Pearce JMS. Misoplegia. Eur Neurol 2007; 57: 
62–4.

33. Scepkowski LA, Cronin-Golomb A. The alien 
hand: cases, categorizations, and anatomical 
correlates. Behav Cogn Neurosci Rev 2003; 2: 
261–77.

34. Graff-Radford J, Rubin MN, Jones DT, et al. The 
alien limb phenomenon. J Neurol 2013; 260: 
1880–8.

35. Geschwind DH, Iacoboni M, Mega MS, Zaidel 
DW, Cloughesy T, Zaidel E. Alien hand syn-
drome: interhemispheric motor disconnection 
due to a lesion in the midbody of the corpus 
callosum. Neurology 1995; 45: 802–8.

36. Arzy S, Overney LS, Landis T, Blanke O. Neural 
mechanisms of embodiment: asomatognosia 
due to premotor cortex damage. Arch Neurol 
2006; 63: 1022–5.

37. Mayka MA, Corcos DM, Leurgans SE, Vaillan-
court DE. Three-dimensional locations and 
boundaries of motor and premotor cortices 
as defined by functional brain imaging: a me-
ta-analysis. Neuroimage 2006; 31: 1453–74.

38. Ehrsson HH, Holmes NP, Passingham RE. 

Touching a rubber hand: feeling of body own-
ership is associated with activity in multisenso-
ry brain areas. J Neurosci 2005; 25: 10564–73.

39. Romano D, Sedda A, Brugger P, Bottini G. Body 
ownership: When feeling and knowing di-
verge. Conscious Cogn 2015; 34: 140–8.

40. Rizzolatti G, Luppino G, Matelli M. The organi-
zation of the cortical motor system: new con-
cepts. Electroencephalogr Clin Neurophysiol 
1998; 106: 283–96.

41. Karnath H-O, Baier B, Nägele T. Awareness of 
the functioning of one’s own limbs mediated 
by the insular cortex? J Neurosci 2005; 25: 
7134–8.

42. Lenggenhager B, Hilti L, Brugger P. Disturbed 
body integrity and the ‘rubber foot illusion’. 
Neuropsychology 2015; 29: 205–11.

43. Stoodley CJ, Schmahmann JD. Evidence for 
topographic organization in the cerebellum of 
motor control versus cognitive and affective 
processing. Cortex 2010; 46: 831–44.

44. Stoodley CJ, Schmahmann JD. Functional 
topography in the human cerebellum: a me-
ta-analysis of neuroimaging studies. Neuroim-
age 2009; 44: 489–501.

45. Boghi A, Sterpone S, Sales S, et al. In vivo ev-
idence of global and focal brain alterations in 
anorexia nervosa. Psychiatry Res 2011; 192: 
154–9.

46. Amianto F, Caroppo P, D’Agata F, et al. Brain 
volumetric abnormalities in patients with 
anorexia and bulimia nervosa: a voxel-based 
morphometry study. Psychiatry Res Neuroim-
aging 2013; 213: 210–6.

47. Titova OE, Hjorth OC, Schiöth HB, Brooks SJ. 
Anorexia nervosa is linked to reduced brain 
structure in reward and somatosensory re-
gions: a meta-analysis of VBM studies. BMC 
Psychiatry 2013; 13: 110.

48. Noll S, Kasten E. Body Integrity Identity Disor-
der (BIID): how satisfied are successful wan-
nabes. Psychol Behav Sci 2014; 3: 222–32.

49. Blom RM, Braam AW, de Boer-Kreeft N, Son-
nen MPAM. [Body integrity identity disorder, 
relief after amputation]. Tijdschr Psychiatr 
2014; 56: 54–7.



-126- -127-

CHAPTER IX BRAIN ANOMALIES IN BIID

IX

50. Soares JC, Mann JJ. The anatomy of mood 
disorders--review of structural neuroimaging 
studies. Biol Psychiatry 1997; 41: 86–106.

51. Bottini G, Brugger P, Sedda A. Is the desire for 
amputation related to disturbed emotion pro-
cessing? A multiple case study analysis in BIID. 
Neurocase 2015; 21: 394–402.

52. Fiorio M, Mariotti C, Panzeri M, Antonello E, 
Classen J, Tinazzi M. The role of the cerebel-
lum in dynamic changes of the sense of body 
ownership: a study in patients with cerebel-
lar degeneration. J Cogn Neurosci 2014; 26: 
712–21.

53. McGeoch PD, Brang D, Song T, Lee RR, Huang 
M, Ramachandran VS. Xenomelia: a new right 
parietal lobe syndrome. J Neurol Neurosurg 
Psychiatry 2011; 82: 1314–9.



CHAPTER X
THE ROLE OF SEXUALITY IN BODY 
INTEGRITY IDENTITY DISORDER (BIID): 
A CROSS-SECTIONAL INTERNET-BASED 
SURVEY STUDY

R.M. Blom, S.J. van der Wal, N.C. Vulink, D. Denys

Submitted



-130- -131-

CHAPTER X SEXUALITY IN BIID

ABSTRACT 

Background Body integrity identity disorder (BIID) -a strong desire for amputation or paralyzation- 
is often accompanied by feelings and cognitions of sexual arousal, although this sexual component 
has largely been neglected in recent literature.
Aim This study examines the presence of BIID-related sexual arousal in BIID individuals, and 
explores clinical and demographic variables of both BIID subjects who do and do not possess this 
sexual arousal.
Methods Eighty BIID individuals responded to an internet-based survey we created. For all subjects 
restoring identity was the primary motivation for preferred body-modification. We collected data 
about the respondents’ demographic, clinical and sexual characteristics. Based on responses to 
questions about BIID-specific sexual desires, subjects were either assigned to the group with BIID-
related sexual feelings (S-BIID, n=57) or the group without such feelings (NS-BIID, n=23).
Outcomes Differences in clinical, demographic and sexual characteristics between S-BIID and NS-
BIID.
Results 71.3% of the subjects reported BIID-related sexual arousal. The S-BIID subjects were found 
to be significantly more often male, religious and of a homosexual identity compared to the NS-
BIID subjects. S-BIID subjects also reported significantly more often a change in localization and/
or intensity of their BIID feelings over time. Furthermore, 66.7% of the S-BIID subjects reported 
BIID-related sexual arousal as an additional motivation for body-modification. Seven out of the 57 
S-BIID subjects achieved their preferred body-modification through (self)-amputation, whereas 
none of the NS-BIID individuals did. 
Clinical Implications BIID is a heterogeneous disorder in which subjects who report to have co-
morbid sexual arousal more often resort to (self-induced) amputation.
Strengths and Limitations This study contains the largest BIID cohort presented in literature 
and is the first to genuinely research sexuality in BIID. A first limitation is the lack of face-to-face 
interviews with the subjects, and therefore no clinical diagnoses could be made. Moreover, there is 
an ascertainment bias since subjects were collected via the internet and in English, which excluded 
those who spoke other languages or patients without internet connection. 
Conclusion The present study provides preliminary evidence for a sub-population or distinct group 
of BIID individuals based on the presence of BIID-related sexual arousal. 

INTRODUCTION

Individuals with body integrity identity disorder (BIID) (also referred to as xenomelia) experience 
an obsessive, lifelong desire for amputation or paralyzation that leads to enormous distress and 
decreased quality of life.1,2 This desire for amputation is the result of an incongruence between 
one’s experienced and assigned body.1–3 A majority of BIID individuals report co-morbid feelings 
and cognitions of sexual arousal associated with this desire.1,3,4 However, little is known about the 
etiology and phenomenology of this sexual component in BIID individuals.

Historically, BIID was seen as a paraphilia and called apotemnophilia.5 The need for amputation 
was driven by sexual arousal based on the image of one’s self as an amputee. It was often combined 
with acrotomophilia: sexual attraction toward other amputees.5 In 1983, Everaerd mentioned that 
for apotemnophilic individuals, the crucial motivation was to obtain physical and mental well-
being: sexual compulsion was not necessarily manifested in this desire.6 The “not feeling at ease 
in one’s body” became paramount and the disorder was classified as an identity disorder: BIID.3 
Recently, several MRI studies7–10 in BIID have hypothesized abnormalities in a fronto-parietal 
(body-ownership) network that are related to the feeling of over-completeness with four limbs. 
Since these recent studies have focused on the neurobiological background of the disorder, the 
identity and sexual component of BIID were disregarded.

In questionnaires, BIID individuals report a high prevalence of sexual arousal when they 
imagine being disabled themselves (44-72%) or when seeing others with physical impairments 
(46.3-87%).1,3,11,12 This sexual arousal is rarely seen as the main motivation for body-modification 
(i.e. amputation or paralyzation) (0-30%), although a number of subjects do report it as a secondary 
reason (30-65%).1,3,11,12 De Preester was the first to genuinely study sexuality in BIID.13 She re-
analyzed the data of a published descriptive BIID study and concluded that any form of sexual 
arousal related to BIID was present in almost 90% of the BIID subjects.13 Thus, sexual arousal 
appears to be a prerequisite for BIID rather than a coincidence.

Although these reported findings suggest that sexual arousal could be an important component 
of BIID, no study has examined the differences between individuals with or without this arousal. 
The objective of the present study is to inquire into the feelings of sexual arousal that accompany 
BIID, as presented in a large sample of self-identified BIID individuals, to try and identify subgroups 
with characteristic clinical and demographic correlates. On the basis of prior research,13 we 
hypothesize that a small subsample of BIID subjects exist, who do not experience any BIID-related 
sexual feelings and who clinically differ from those subjects with manifest sexual feelings.

METHODS

SAMPLE SELECTION
This study was part of a larger BIID questionnaire study (see Blom et al. 2012).1 Subjects who 
identified themselves as having BIID (i.e. recognizing themselves in the following sentence: BIID 
is a term that covers several conditions in which people feel their body-image does not match 
with their body shape. When we use the term “BIID” here we mean to indicate all these different 
forms of the condition. For example, some people would like to have their leg amputated under 
their knee, whereas others prefer to resemble someone who is paralyzed) were recruited between 
December 2010 and February 2015 via BIID-related forums and websites, or were referred to us 
by individuals who had already participated in the study. Since BIID is usually a highly secretive 
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condition, all initial communication occurred on the internet and subjects were allowed to remain 
anonymous. No identifiable personal data (name, date of birth, address) were obtained other 
than their e-mail address. Individuals who e-mailed to express interest in the study were given 
detailed participation information about the study via e-mail. After the subjects emailed their 
consent to participate in the survey, an invitation to visit a secured website for the questionnaire 
was sent. In total, 93 individuals expressed interest of which 90 (96.8%) individuals completed the 
questionnaire. No data was available for the remaining three individuals.

The study was conducted in accordance with the code of ethics of the world medical association 
(Declaration of Helsinki) and approved by the Medical Ethical Committee of the Academic Medical 
Center (AMC) of the University of Amsterdam.

Body integrity identity disorder is not officially listed as a diagnosis in ICD-10 or DSM-5, 
although it does appear in the differential diagnosis of gender dysphoria or body dysmorphic 
disorder.14 Therefore, no official BIID criteria are available. Within the current literature, the 
majority of BIID studies1,3,4,11,12,15 use the criteria proposed by First: There is a persistent desire to 
be disabled that causes significant distress, there is absence of psychosis. The primary reason for 
desiring to be disabled is to restore body-identity. It reflects the individual’s feeling that having 
an amputation would correct a mismatch between the person’s anatomy and his or her sense of 
‘true’ self (identity). The desire is not primarily motivated by sexual arousal or by any perceived 
advantages of becoming disabled.3 To exclude fake or inappropriate responses, all results were 
checked and read manually. Especially reading responses to open narratives such as “How would 
you describe your BIID?“ and “Can you please describe which reason (for body-modification) 
is important for you?” helped us to distinguish BIID from other conditions. We did not find any 
inappropriate responses, although for ten subjects who completed the questionnaire, restoring 
body-identity was not the main reason for body modification. Therefore, these ten subjects were 
not classified as BIID and excluded from the analysis. Four of these subjects indicated “feeling 
sexually aroused” as the main motivation; another four subjects mentioned “the attention it 
draws”, and the last two subjects specified “the process of modification”.

MEASUREMENTS
This study used the BIID Phenomenology Questionnaire.1 This questionnaire was developed 

by the authors in 2010 to obtain a detailed description of subjects with BIID, and includes 
epidemiologic, medically directed, and BIID-specific questions. After every section of “closed 
questions”, patients were able to explain or comment on their answers in an open narrative. 
Illustrative quotes throughout the paper (mentioned in italic) are responses from the subjects.

General demographic characteristics: information on age, biological sex, gender, ethnic 
background, educational level, handedness, relation status and religion was obtained. 

Clinical BIID-specific characteristics: subjects were questioned about the age of onset, the 
type of desire (amputation or paralyzation variant), the change in BIID feelings over time, the 
change in affected body parts over time and the primary and secondary motivations for the 
desired modification.

Gender and sexual identity: subjects were questioned about sexual orientation and the 
presence of intersexual feelings.

Specific sexual desires related to BIID: to determine the existence of specific sexual desires 
related to BIID, the subjects were questioned about the presence of “arousal when thinking of 
someone disabled resembling their BIID”, “arousal when seeing someone disabled resembling 
their BIID”, “arousal when imaging themselves being disabled”, and “arousal when acting like 

being disabled”. Subjects could respond to these statements with “yes”, “no” or “uncertain”. The 
option of “uncertain” was added to lower the likelihood of subjects underreporting their sexual 
symptoms. Such underreporting has been reported in other conditions with sexual co-morbidity 
like gender dysphoria.16

 Based on the responses to these questions, subjects were assigned to one of two subgroups. 
To create a homogenous sample, subjects who answered “no” to all the statements were assigned 
to the group with “no BIID-related sexual feelings” (NS-BIID). Subjects that answered “yes” or 
“uncertain” to one or more of the statements regarding sexual arousal were assigned to the group 
with “BIID-related sexual feelings” (S-BIID).

STATISTICAL METHODS
Statistics were performed using IBM SPSS Statistics for Windows version 23.0 (Armonk, NY: IBM 
Corp.). Due to the non-normal distribution of the data, non-parametric tests were used to examine 
differences between S-BIID and NS-BIID. To avoid prematurely discarding potentially useful 
observations because of type II errors caused by corrections for multiple testing, a p-value of <0.05 
was considered significant.17,18 For categorical clinical and demographic variables with more than 
two items (e.g. sexual orientation) that differed significantly, post hoc analyses were performed 
to determine which item of the variable (e.g. homo-, bi-, a- or heterosexual) significantly differed 
between the two groups. Furthermore, for exploratory purposes, we reported data split by both 
sexuality (i.e. S-BIID and NS-BIID) and type of BIID (i.e. paralyzation and amputation); since the 
small sizes of these four groups limited statistical testing, these results are described qualitatively.

RESULTS

GENERAL DEMOGRAPHIC CHARACTERISTICS
Eighty BIID subjects completed the survey and all indicated that the main motivation for the 
desired body modification is “to feel complete” or “to feel satisfied inside”. Of the sample, 78.8% 
were male, 93.8% were of Caucasian origin and 85.0% had received higher education (>16 years of 
education). The average age was 44 years with a range from 19 to 82 years.

SPECIFIC SEXUAL DESIRES RELATED TO BIID
Table 1 shows the raw data of sexual desires reported by the BIID subjects. Forty-two subjects 
(52.5%) indicated that they are aroused when thinking of someone disabled resembling their BIID; 
46 subjects (57.5%) experienced arousal when seeing someone disabled resembling their BIID; 48 
subjects (60.0%) claimed to be aroused when imaging themselves being disabled; and 35 subjects 
(43.8%) stated that they get aroused when they act disabled. In total, 57 (71.3%) subjects reported 
any type of sexual feelings (mentioned above) in addition to their BIID and were assigned to the 
group with “BIID-related sexual feelings” (S-BIID). The remaining 23 subjects (28.7%) reported 
no sexual feelings with their BIID and were assigned to the group with “no BIID-related sexual 
feelings” (NS-BIID).

DIFFERENCES BETWEEN NS-BIID AND S-BIID
Clinical and demographic differences between BIID subjects with and without BIID-related sexual 
feelings are presented in Table 2. In short, the male/female ratio was higher in S-BIID and these 
individuals reported being religious more often than did NS-BIID individuals. Regarding sexual 
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Table 2. Characteristics of 57 BIID subjects with BIID related sexual feelings (S-BIID) and 23 BIID subjects 
without BIID related sexual feelings (NS-BIID) as self-reported in a questionnaire 

S-BIID
(n=57)

NS-BIID
(n=23)

p-value

Age (mean – (range)) 45.4 (23-82) 39.8 (19-76) 0.200a

Males (n – (%)) 50 (87.7) 13 (56.5) 0.005b

Ethnic background (n – (%)) 0.349c

    - Caucasian European 26 (45.6) 12 (52.5)
    - Caucasian American 28 (49.1) 9 (39.1)
    - Caucasian Oceanian 1 (1.8) 2 (8.7)
    - Hispanic 2 (3.5) 0 (0)
High education level (n – (%))d 50 (87.7) 18 (78.3) 0.311b

In an intimate relationship (n – (%)) 28 (49.1) 16 (69.6) 0.137b

Religious (n – (%)) 35 (61.4) 7 (30.4) 0.015b

Right-handed (n – (%)) 45 (78.9) 22 (95.7) 0.095b

Age of onset (mean – range) 6.5 (3-15) 6.3 (1-12) 0.940a

Ratio amputation/paralyzation desire (n/n) 38/19 12/11 0.308b

Preferred amputation side (n – (%)) 0.915c

    - Left 12 (31.6) 5 (41.7)
    - Right 13 (34.2) 3 (25.0)
    - Bilateral 13 (34.2) 4 (33.3)
Obtained desired body modification (n – (%)) 7 (12.3) 0 (0) 0.184b

Change in BIID feelings over time (n – (%)) 34 (59.6) 5 (21.7) 0.003b

Change in body parts over time (n – (%)) 18 (31.6) 2 (8.7) 0.045b

Motivations for desired body modification (n – (%)) 
“Because of the attention it draws” 22 (38.6) 3 (13.0) 0.033b

“In order to be disabled and have others to help me” 5 (8.8) 1 (4.3) 0.667b

“In order to feel whole, complete, set right again” 56 (98.2) 23 (100) 1.000b

“In order to feel sexually aroused or excited myself” 38 (66.7) 0 (0) <0.001b

“In order to feel satisfied inside” 57 (100) 22 (95.7) 0.287b

“Process of body-modification is the main focus” 17 (29.8) 4 (17.4) 0.400b

Sexual orientation (n – (%)) 0.001c

    - Heterosexual 31 (54.4) 19 (82.6) 0.022b

    - Homosexual 20 (35.1) 0 (0) <0.001b

    - Bisexual 6 (10.5) 3 (13.0) 0.712b

    - Asexual 0 (0) 1 (4.3) 0.287b

Intersexual feelings (n – (%)) 4 (7.0) 3 (13.0) 0.404b

Specific sexual desires related to BIID (n – (%))
- Aroused when thinking of someone   disabled resembling my BIID 42 (73.7) 0 (0) <0.001b

- Aroused when seeing someone disabled resembling my BIID 46 (80.7) 0 (0) <0.001b

- Aroused when imaging myself being  disabled 48 (84.2) 0 (0) <0.001b

- Aroused when acting like being disabled 35 (61.4) 0 (0) <0.001b

a p-value calculated by Mann-Whitney U-Test
b p-value calculated by 2-sided  Fisher’s Exact Test
c p-value calculated by 2-sided Fisher-Freeman-Halton Test
dHigh education level = > 16 years of education

Table 1. Specific responses of the 80 BIID subjects with (S-BIID) and without (NS-BIID) BIID-related sexual 
feelings to statements about the presence of specific sexual desires related to BIID

‘Aroused when 
thinking of someone 
resembling my BIID’

‘Aroused when 
seeing someone 
disabled resembling 
my BIID’

‘Aroused when 
imaging myself being 
disabled’

‘Aroused when 
acting like being 
disabled’

S-BIID

14 subjects Yes Yes Yes Yes

3 subjects Yes Yes Yes Uncertain

3 subjects Uncertain Yes Yes Yes

3 subjects Yes Yes Yes No

2 subjects Yes Yes Uncertain Uncertain

1 subject Uncertain Yes Yes Uncertain

1 subject Uncertain Uncertain Yes Yes

1 subject Uncertain Yes Yes No

1 subject Uncertain No Yes Yes

1 subject No Uncertain Yes Yes

4 subjects Yes Yes No No

1 subject No Yes Yes No

2 subjects No No Yes Yes

1 subject Yes Uncertain Uncertain Uncertain

1 subject Uncertain Uncertain Yes Uncertain

1 subject Uncertain Uncertain Yes No

1 subject No Uncertain Yes No

1 subject No No Uncertain Yes

1 subject Yes No No No

1 subject No Yes No No

3 subjects No No Yes No

2 subjects Uncertain Uncertain Uncertain Uncertain

2 subjects Uncertain Uncertain Uncertain No

1 subject Uncertain Uncertain No No

2 subjects No No Uncertain Uncertain

2 subjects No Uncertain No No

1 subject No No Uncertain No

NS-BIID

23 subjects No No No No
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orientation, the percentage of subjects that had a homosexual identity was higher in S-BIID 
than in NS-BIID. Moreover, S-BIID subjects more frequently reported “because of the attention 
it draws” as an additional motivation (apart from restoring identity) for their desired body 
modification. In NS-BIID, the BIID feelings rarely changed over time. Whereas S-BIID individuals 
often reported variations in BIID feelings, for example, changes in the location of the amputation 
line on the affected limb or fluctuations in the intensity of the desire for modification, e.g. “it 
became stronger over the years.” The affected body part also changed more often over time 
in S-BIID, for example, from the left to the right leg or from amputation to paralyzation, e.g. 
“originally it concentrated on the legs but it migrated to the spine. Regardless, this involved 
lack of leg function in either case.”  Lastly, seven of the 57 S-BIID individuals achieved their 
preferred body-modification by (self)-amputation, whereas none of the NS-BIID subjects did. 
In supplementary material the table that reported data split by both sexuality (i.e. S-BIID and NS-
BIID) and type of BIID (i.e. paralyzation and amputation) can be found. A quick glance at those 
results learned that for each type, all differences were in the same direction as for those in the 
main analysis.

DISCUSSION
This is the first study to describe differences between BIID subjects with (71.3%, S-BIID) and 
without (28.7%, NS-BIID) BIID-related sexual desires in a large sample (n=80). Demographically, 
there is a higher prevalence of males and non-heterosexual individuals in S-BIID than in NS-
BIID. Moreover, S-BIID individuals were found to be more often religious than NS-BIID. Clinically, 
S-BIID subjects experience mixed rationales for their preferred body-modification. Moreover, the 
intensity and localization of their BIID varies more than in NS-BIID subjects. S-BIID patients also 
sometimes resort to (self)-amputation, whereas NS-BIID individuals do not.

SEXUALITY IN BIID: PREVALENCE
In this study, sexual arousal related to BIID was found to be present in about 70% of BIID individuals, 
which is in accordance with previous questionnaire studies.3,4,7,12,19 In 2005, First published 
the first systematic BIID study, in which 52 subjects were interviewed over the telephone.3 He 
reported that 42% of the individuals who mentioned restoring identity as the primary motivation, 
also mentioned sexual arousal as the second most important motivation.3 First has also found 
that the majority of the subjects (87%) reported being sexually attracted to other amputees.3 
Moreover, Blanke et al. have found, in their telephone survey, that “feeling sexually excited” was 
a motivation for amputation in 65% of their participants (n=20), but did not differentiate between 
primary or secondary motivation.4 Kasten and Spithaler have indicated that roughly 66% of their 
questionnaire respondents (n=9) reported sexual arousal in relation to the wish for amputation.12 
According to half of the respondents, this sexual arousal was very important, while to the other half 
of respondents perceive it as secondary.12 Similarly, both Aoyama et al. and Hilti et al. have found 
that up to 60% of their BIID subjects (n=5 and n=13 respectively) had “very high” to “maximal” 
scores on the “erotic attraction” subscale from the Zurich Xenomelia Scale (ZXS),7,19 indicating that 
sexual arousal plays a prominent role in the lives of those BIID individuals.

SEXUALITY IN BIID: RATIONALE
As De Preester has argued, it would be short-sighted to neglect the sexual component of BIID.13 
However, the meaning of BIID-related sexual feelings remains unclear. From a psychodynamic 

perspective, paraphilia is interpreted as an erotic manifestation of hatred toward maternal figures, 
understood in terms of castration, fear or traumatized childhood experiences.13,20 However, a study 
that explored childhood experiences in BIID individuals did not discover any maladaptive education 
from parents in these individuals’ past. Thus, psychodynamic statements are not confirmed.21 
The behavioral perspective suggests that erotic arousal for amputees arises from masturbatory 
experiences with pictures of amputees or pretending behavior and is reinforced by sustaining such 
behavior.5,13,22 This point of view has not been strongly supported by questionnaire studies that 
inquired into potential triggers for BIID feelings (e.g. in his study, First found that only 17% of the 
individuals feel sexually aroused after exposure to an amputee during onset of their BIID feelings 3). 
Since the etiology of BIID is hypothesized to be predominantly neurobiological, we instead opted 
to view sexual arousal in BIID from a neurobiological standpoint. It has been suggested that the 
closeness of the leg and genital areas in somatosensory cortices can explain the combination of 
sexual arousal and leg amputation.7,12 In amputees as well as in paraplegia, phantom leg sensations 
can accompany referred genital sensation, which concurs this suggestion.2,23,24 Another hypothesis 
is that there is a sexual preference for objects with a similar body-morphology, like in nature 
“ostriches prefer ostriches” and “donkeys are attracted to donkeys”.25 Given that in BIID there is a 
hard-wired body image in which some body parts are not fully represented,7–10 those patients tend 
to be attracted to individuals with a physical template of their imaginary body image:25 “The sexual 
nature is of minor importance. I mainly see myself in others who are disabled.” Moreover, parieto-
limbic hyperconnectivity has also been suggested,7 since brain areas that might be involved in 
BIID (premotor cortex, insula, somatosensory cortices and superior and inferior partial lobule), are 
often activated during sexual arousal in humans.7–10,26 fMRI studies investigating sexual arousal in 
BIID are needed to test this hypothesis. 

DIFFERENCES BETWEEN NS-BIID AND S-BIID
Currently, no study has compared BIID subjects with and without BIID-related sexual arousal. 
Although differences can be observed clearly, it remains challenging to interpret the results. 

Regarding demographic-related characteristics, a prominent difference found between NS- 
and S-BIID is the homosexuality rate. High rates of homosexuality in BIID samples have been 
found by several other studies,3,12,27,28 although not by all.4 Some thought this to be a result of 
ascertainment bias: the presence of a less prevalent sexual orientation might make a person more 
open to discussing their BIID and co-morbid sexual arousal.1,3 This rate is especially high in S-BIID 
individuals, which might result from the existence of a common neurodevelopmental pathway in 
developing an uncommon (sexual) identity.29 In accordance with this hypothesis, elevated rates of 
paraphilic behaviors in individuals with a non-heterosexual orientation have been suggested.30,31

We speculate that the higher percentage of males in S-BIID could be explained by the generally 
stronger sexual motivation or sex drive in males compared to females.32 The attraction toward 
others with a similar body-morphology (e.g. an amputee) could be interpreted by men as sexual, 
while females link this attraction to sexual arousal less. Moreover, a significantly higher percentage 
of religious subjects in S-BIID was found, although the significance of this finding remains unclear. 
In depth interviews are needed to clarify the meaning of “being religious” for each individual 
before speculating about possible relationships.

Regarding disorder-related specifics, it can be suggested that BIID subjects without a sexual 
component to their disorder have a more stable disease course: the intensity of BIID feelings and 
delineation of the affected body part rarely change over time in NS-BIID individuals. Moreover, in 
NS-BIID individuals the rationale for body-modification is more definitive, namely: the restoration 
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of body-identity. We can only speculate about underlying mechanisms. Since NS-BIID more 
closely resembles the neurological body-ownership disorders33 (neglect or misrecognition of 
certain body parts after a brain lesion without sexual co-morbidity, e.g. somatoparaphrenia or 
asomatognosia34,35), it might be that for NS-BIID individuals, brain deficits in the body-ownership 
network are more specific and more prominent. Conversely, in S-BIID individuals brain patterns 
might be more diffuse, including structures that are involved in sexual arousal.25,36 This suggestion, 
however, has to be confirmed by MRI studies.

It is important to note that changes in feelings and localization of BIID in S-BIID subjects 
does not mean that their desire for amputation or paralyzation is less serious. Remarkably, 
seven S-BIID subjects achieved (self)-amputation, while none of the NS-BIID subjects performed 
(self)-amputation. Although the difference is not statistically significant, one could speculate 
that subjects’ desire in S-BIID is stronger or more distressing, or that they might be of a different 
personality type (extravert or impulsive) and thus, come to the decision to amputate more quickly. 
Increased impulsiveness in BIID individuals compared to healthy controls has been described, 
although the relationship between this increased impulsiveness to sexual arousal and amputation 
achievement has not been investigated.7,37,38

SUBGROUPS OF SUBJECTS DESIRING AMPUTATION OR PARALYZATION
Based on this study and the existing literature we could distinguish several body-modification 
related conditions in which sexuality plays a role to varying extents. On the one side of the 
continuum is apotemnophilia: a pure paraphilia in which sexual arousal and compulsions are the 
main motivation for an amputation desire (not investigated in this study)5 and in which the exact 
place of amputation is of less importance. On the other side is a small, pure identity group for 
whom sexuality does not play any role in their condition, which is characterized by a stable disease 
course and clear symptomatology. However, the actual number of subjects in this group might be 
lower, as BIID individuals might downgrade their sexual motivation under the influence of “socially 
desirable responding”. Moreover, there is a substantial group in the middle, for whom identity and 
sexual arousal are both important, but to different extents and for whom the experienced desire 
is less definite. In this group, not feeling at ease in one’s body is prominent and sexual motives are 
secondary: “There is a minor sexual attraction towards other amputees, but sex is not the focus or 
goal for the desire.”  In this mixed group, individuals might feel more sexually comfortable when 
imagining or pretending their desired body-state: “I enjoy wearing my leg braces during sex, it is 
part of who I am and my sexual identity. It is not, however, a requirement for me to enjoy sex” or 
experience a sense of arousal due to jealousy or recognition: “I feel envious of as well as sexually 
aroused by amputees”.

A similar distinction in BIID subgroups was found by Pregartbauer and her colleagues.39 Their 
survey of BIID individuals and individuals with acrotomophilia (also referred to as mancophilia, 
i.e. sexual attraction to other amputees) found three clusters within the group of BIID individuals 
(n=18): a cluster with a strong sexual component (61.1%), that resembled the group of individuals 
with acrotomophilia with regard to their erotic interest in other amputees; a cluster with a 
moderate sexual component (16.7%); and a cluster with little or no sexual component (22.2%).39

Moreover, a comparable distribution can be observed in gender dysphoria.40 Within the group 
of non-homosexual male-to-female transsexuals, Lawrence has identified a group for which an 
intense feeling of wrong embodiment is the only motivation for their desired body modification, 
and a second group in which the desire for sex reassignment is also related to the wish to look and 
behave like females for the sake of sexual arousal.40,41

LIMITATIONS
The present study analyzed responses from the largest sample of BIID subjects ever reported 
(n=80) to a specific part of the BIID Phenomenology Questionnaire. However, the sample size 
still forced us to test non-parametrically, resulting in lower statistical power. This study included 
both the amputation and paralyzation variant under the assumption that both lay on the same 
continuum, since restoring body identity was the main motivation for body-modification.1,9 After 
the primary analysis, we would have stratified both variants had the power been sufficient enough 
to do so. Another limitation of the study was the lack of face-to-face structured interviews and 
physical examination of the subjects. Because BIID subjects are ashamed to “come out of the 
closet”, major obstacles hamper the obtainment of telephone or face-to-face evaluations from 
a large group of affected individuals. Therefore, we decided to restrict communication with the 
subjects to contact over the internet, which, indeed has been suggested to be unavoidable when 
studying such rare disorders.42 Moreover, the questionnaire was written in the English language, 
which was not always the native language of the subjects. However, subjects were permitted to 
answer open-ended questions in their language of choice. Moreover, we failed to have participants 
provide continuous responses such as the intensity of their desire or the strength of their sexual 
component and therefore were not able to calculate correlative relationships. Another limitation 
was that, although no stringent criteria for BIID are available, a ”diagnosis” could not be made by 
clinicians from this internet-based survey. On the other hand, the response-rate was extremely 
high (96.8%) for a survey and there were almost no missing variables. This indicates that the 
subjects who responded to the survey were devoted to broadening the knowledge of this rare 
condition. It is unlikely that people without BIID would voluntarily spend a significant amount of 
time filling out such a long questionnaire.  

CONCLUSION
The present study provides a preliminary basis for the subtyping of BIID based on the presence 
of BIID-related sexual feelings. We have identified a small subsample of BIID-individuals in which 
sexuality does not play any role in their BIID. This subsample is demographically characterized 
by relatively more females and a predominantly heterosexual identity, as well as clinically by a 
stable disease course and clear symptomatology. Further classification of subtypes within BIID on 
the basis of the related BIID-sexual arousal could be of interest to both the clinical practice and 
the field of research, because distinct patterns of comorbidity, neural substrates and treatment 
responses could underlie these prospective subgroups. X
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 Amputation 
(n=50)

Paralyzation 
(n=30)

S-BIID
(n=38)

NS-BIID
(n=12)

S-BIID
(n=19)

NS-BIID
(n=11)

Sexual orientation (n – (%))

    - Heterosexual 22 (57.9) 11 (91.7) 9 (47.4) 8 (72.7)

    - Homosexual 13 (34.2) 0 (0) 7 (36.8) 0 (0)

    - Bisexual 3 (7.9) 1 (8.3) 3 (15.8) 2 (18.2)

    - Asexual 0 (0) 0 (0) 0 (0) 1 (9.1)

Intersexual feelings (n – (%)) 3 (7.9) 0 (0) 1 (5.3) 3 (27.3)

Specific sexual desires related to BIID (n – (%))

- Aroused when thinking of someone disabled 
resembling my BIID

28 (73.7) 0 (0) 14 (73.7) 0 (0)

- Aroused when seeing someone disabled 
resembling my BIID

31 (81.6) 0 (0) 15 (78.9) 0 (0)

- Aroused when imaging myself being disabled 32 (84.2) 0 (0) 16 (84.2) 0 (0) 

- Aroused when acting like being disabled 25 (65.8) 0 (0) 10 (52.6) 0 (0)

aHigh education level = >16 years of education

Table 3. ContinuedSUPPLEMENTARY MATERIAL 

Table 3. Characteristics of 50 BIID subjects with an amputation desire and 30 BIID subjects with a paralyzation 
desire, classified into groups with BIID related sexual feelings (S-BIID) and without BIID related sexual feelings 
(NS-BIID) as self-reported in a questionnaire. 

 Amputation 
(n=50)

Paralyzation 
(n=30)

S-BIID
(n=38)

NS-BIID
(n=12)

S-BIID
(n=19)

NS-BIID
(n=11)

Age (mean – (range)) 46.5 (24-82) 45.4 (30-76) 43.1 (23-72) 33.7 (19-56)

Males (n – (%)) 36 (94.7) 9 (75.0) 14 (73.7) 4 (36.4)

Ethnic background (n – (%))

    - Caucasian European 17 (44.7) 7 (58.3) 9 (47.4) 5 (45.5)

    - Caucasian American 19 (50.0) 5 (41.7) 9 (47.4) 4 (36.4)

    - Caucasian Oceanian 0 (0) 0 (0) 1 (5.3) 2 (18.2)

    - Hispanic 2 (5.3) 0 (0) 0 (0) 0 (0)

High education level (n – (%))a 32 (84.2) 9 (75.0) 18 (94.7) 9 (81.1)

In an intimate relationship (n – (%)) 20 (52.6) 8 (66.7) 8 (42.1) 8 (72.7)

Religious (n – (%)) 22 (57.9) 3 (25.0) 13 (68.4) 4 (36.4)

Right-handed (n – (%)) 28 (73.7) 11 (91.7) 17 (89.5) 11 (100)

Age of onset (mean – range) 6.5 (3-13) 7.3 (5-12) 6.5 (3-15) 5.2 (1-8)

Preferred amputation side (n – (%))

    - Left 12 (31.6) 5 (41.7) - -

    - Right 13 (34.2) 3 (25.0) - -

    - Bilateral 13 (34.2) 4 (33.3) - -

Obtained desired body modification (n – (%)) 7 (18.4) 0 (0) 0 (0) 0 (0)

Change in BIID feelings over time  
(n – (%))

25 (65.8) 3 (25.0) 9 (47.4) 2 (18.2)

Change in body parts over time  
(n – (%))

13 (34.2) 2 (16.7) 5 (26.3) 0 (0)

Motivations for desired body modification (n 
– (%)) 

“Because of the attention it draws” 14 (36.8) 1 (8.3) 8 (42.1) 2 (18.2)

“In order to be disabled and have others to help 
me”

2 (5.3) 0 (0) 3 (15.8) 1 (9.1)

“In order to feel whole, complete, set right 
again”

37 (97.4) 12 (100) 19 (100) 11 (100)

“In order to feel sexually aroused or excited 
myself” 

26 (68.4) 0 (0) 12 (63.2) 0 (0)

“In order to feel satisfied inside” 38 (100) 12 (100) 19 (100) 10 (90.9)

“Process of body-modification is the main focus” 9 (23.7) 3 (25.0) 8 (42.1) 1 (9.1)
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EDITORIAL

For most people it is a perfectly normal notion that their body belongs to them. However, there 
are cases in which persons feel that a specific body part is superfluous or alien. Such is the case 
in stroke patients who have suffered a hemorrhage in the insula and request the nurse to remove 
‘that strange leg’ from their bed. Patients with Body Integrity Identity Disorder (BIID) experience 
this sensation from early childhood on.1 This feeling results in a strong desire for amputation of a 
certain body part. To date there is no effective treatment available for BIID patients. Consequently, 
patients resort to self-amputation, including complications and sometimes death.2 We offer 
arguments in favor of elective amputation as an alternative.3 

BIID patients are often dismissed when they share their wish for amputation with surgeons. 
Every physician is to comply with the Hippocratic principle of primum non nocere (first do not 
harm). Surgeons are cautious not to override this oath. In addition, they fear a patient may regret 
the procedure. Furthermore, one may argue that electively disabled people place an unnecessary 
financial burden on society. In this discussion it is important to note that BIID patients are 
otherwise healthy individuals. Their wish for amputation is not a product of psychosis, imagined 
flaws or factitious disorder. Nor are there any physical abnormalities of this particular body part.2 
Case-reports and studies reporting on BIID patients who performed self-amputation reveal a 
100% satisfaction rate.4,5 Patients report better quality of life; they do not desire any additional 
amputations, nor do they regret their decision.2,4 The only regret they have is the fact they did 
not go through with amputation sooner in life.5 Furthermore, one must consider that the costs of 
an operation and recovery are less than long-term treatment of depressive disorder as a result of 
BIID.6  

Etiology of BIID presumably lies in frontoparietal lobe anomaly.7,8 BIID patients do not consider 
intracranial interventions such as deep brain stimulation an option. Such procedures are regarded 
as a modification of their identity. Patients with gender dysphoria express similar arguments. 
Despite associations with brain abnormalities in both cases, in most countries the prevailing 
treatment for gender dysphoria is an external operation; although not every insurance company or 
plan will pay for it.9 A second analogy can be made with euthanasia. In some countries it is legal for 
physicians to perform euthanasia on physically healthy patients, who experience unbearable and 
lasting mental suffering. If one allows termination of life, why not amputation? The real question 
is whether BIID is accompanied by unbearable and lasting suffering. It is goes without saying that 
less definitive measures for the alleviation of their suffering would have preference. 

Elective amputation can prevent complications and death in BIID patients who are 
contemplating self-amputation. It is crucial that physicians comply with several criteria that ensure 
due care, just as with transgender operations and euthanasia. The desire for amputation must be 
lasting, constantly present and irresponsive to treatment. The patient must be conscious of the 
risks. It must be evident that the patient is not in a state of psychosis. If these criteria are met, one 
has arguments to override primum non nocere in the BIID patient treatment dilemma.10,11

ABSTRACT

Patients with Body Integrity Identity Identity Disorder (BIID) experience a strong desire for 
amputation from early childhood on. BIID patients are often dismissed when they share their 
wish for amputation with surgeons. Consequently, patients resort to self-amputation, including 
complications and sometimes death. BIID patients are not psychotic and mentally competent to 
oversee the consequences of an elective amputation. The authors offer arguments in favor of 
elective amputation.
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difference between the two syndromes. However, they could indicate that hoarders have more 
severe deficits within this cognitive domain. Moreover, with regard to the decision-making task, 
OCD patients learned more slowly than both the healthy volunteers and the hoarders. Strikingly, 
the hoarders performed better than the control subjects. These findings suggested that hoarders 
and OCD patients have, at least on this measure, different cognitive substrates.

DIGITAL HOARDING: A NEW SUBTYPE OF HOARDING DISORDER 
Chapter V described an outpatient who suffered from distress due to his obsessional and 
compulsive behavior with digital pictures. We classified his behavior as “digital hoarding,” and 
introduced this as a new subtype of the hoarding disorder.

A COMPULSIVE NON-PSYCHOTIC WISH FOR AMPUTATION IS CALLED BIID
Chapter VI aimed to broaden medical professionals’ knowledge of BIID by describing all of the 
individuals who dealt with BIID. Somatic, psychiatric and BIID characteristics were observed in 54 
BIID individuals using an internet questionnaire. The results of this questionnaire indicated that 
BIID had an onset in early childhood and occurred predominantly in males. Moreover, the main 
rationale provided by respondents for body modification was to either “feel complete” or “feel 
satisfied inside”. No major somatic nor psychiatric co-morbidity was reported, although a number 
of subjects reported elevated depressive symptoms, possibly due to the enormous distress the 
individuals were dealing with. No differences were identified within the epidemiological and 
clinical data between BIID subjects with the amputation or paralyzation variant. Of the 54 BIID 
individuals, seven underwent (self)-amputation and all seven scored substantially higher on a 
quality of life scale than the non-amputated individuals. Now that their wish for amputation of a 
specific limb was fulfilled, they felt satisfied. We concluded that amputation leads to remission of 
BIID. Moreover, we underlined that respect for and knowledge of the desires of BIID individuals 
are necessary when providing care and might decrease the substantial burden these individuals 
experience.

ONLY A FEW BIID CASES ARE DESCRIBED IN JAPAN AND CHINA 
Chapter VII illustrated the systematic search for BIID cases and studies within Japanese and Chinese 
literature, published in each respective language. Five Japanese articles, which described two 
original cases, were identified. Within Chinese literature, no ‘true’ BIID conditions were described; 
there were cases of factitious disorder (a woman that self-amputated her leg for insurance money) 
or acromotophilia (the sexual attraction one experiences towards others with an amputation). This 
chapter further discussed that the paucity of published cases could be due to difficulties in sharing 
private issues; this might even more of a problem in countries that are known to have a more 
reserved culture. Otherwise, this scarcity could be a reflection of the actual low prevalence of such 
disorders within the People’s Republic of China and Japan. Hopefully, this paper will encourage 
submissions and improve the screening of BIID in those countries, which could consequently 
increase the publication of papers on the subject.

PREMOTOR CORTEX IS A CRUCIAL BRAIN AREA FOR THE EXPERIENCE OF LIMB (DIS)
OWNERSHIP IN BIID 
In Chapters VIII and IX BIID was used to study the neural mechanism behind body-ownership. Both 
legs of five individuals with BIID with a single leg amputation desire were tactically stimulated 
and subsequently, we compared the brain activation between legs that did and did not feel part 

SUMMARY OF THE MAIN FINDINGS

The introduction describes my exploration into obsessive-compulsive and related disorders. I 
began investigating this topic in a broad way, studying the prevalence of obsessions and the co-
occurrence of addiction and obsessive-compulsive disorder (OCD) within the general population. 
Subsequently, I studied neuropsychological characteristics within hoarding disorder and described 
a unique hoarding case. Finally, I narrowed my focus and set out to explain an uncommon 
and infrequently studied disorder in which patients have an all-consuming desire to be either 
amputated or paralyzed: Body Integrity Identity Disorder (BIID). I studied the phenomenology 
of BIID internationally, investigated the neural correlates of the disorder, tried to determine the 
meaning behind the disorder-related sexual arousal that is often observed within those with BIID 
and discussed elective amputation as a treatment option. The main aim was to familiarize the 
(medical) world with the concept of BIID in order to increase public understanding. Despite my 
efforts, I still cannot define BIID as a concept with absolute certainty.

OBSESSIONS ARE A COMMON PHENOMENON IN THE GENERAL POPULATION
In Chapter II, the presence and impact of obsessions was examined within the Dutch general 
population (n=7076). Obsessions were determined to be present when patients recognized 
themselves in criteria A of the DSM-III-TR (Diagnostic Statistical manual of Mental disorders) 
as measured by the CIDI (Composite International Diagnostic Interview). Obsessions occurred 
frequently within the general population (life-time prevalence 5%; 1-year prevalence 2%) and 
even more frequently in patients with a psychiatric Axis-1 diagnosis (life-time prevalence 10%; 
1-year prevalence 7%). The presence of obsessions appeared to be associated with poor social 
functioning and low general health. This association remained significant even after controlling 
for the presence of a psychiatric disorder. We suggested that obsessions should be considered 
as a distinct, interfering symptom across different psychiatric diagnoses rather than a symptom 
unique to OCD.

OCD AND ADDICTION OFTEN CO-OCCUR
Chapter III investigated the co-occurrence of OCD and substance use disorder (SUD) within the 
same cohort as mentioned in the previous chapter. Through this investigation, it was found that 
the odds of being (lifetime and 1-year) diagnosed with SUD were higher in OCD patients than in 
individuals without a mental disorder. Moreover, it was also determined that the co-occurrence 
of OCD and substance dependence was higher than the co-occurrence of substance dependence 
and other internalizing psychiatric disorders, especially in men. These epidemiological data 
supported the hypothesis that SUD and OCD, especially substance dependence, might have a 
common neurobiological foundation. However, further research is warranted to substantiate this 
hypothesis, since phenomenological resemblances between disorders do not necessarily reflect 
neurobiological communalities.

OCD AND HOARDING DISORDER HAVE DIFFERENT COGNITIVE SUBSTRATES
In Chapter IV, implicit memory (Serial Reaction Time Task), decision-making (Iowa Gambling Task) 
and motor inhibition (Stop Signal Reaction Time Task) were tested in OCD patients (n=17), hoarders 
(n=24) and healthy volunteers (n=19). All of the groups performed equally on the motor inhibition 
task. OCD patients and hoarders both performed poorly on the implicit memory task, although 
the latter group performed worse than the former. These results did not indicate a qualitative 
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disturbance of the mental body representation (Chapters VIII and IX). In other words, BIID patients 
experience a difference between their internal body scheme and physical body shape. In order 
to neutralize this strongly felt incongruence, patients desire their leg(s) either to be amputated 
or to be paralyzed. Secondly, these feelings of incongruence are so intense and cognitively 
demanding that it influences patients family, work and personal lives (Chapter IV). Consequently, 
some patients resort to self-amputation to create the body they desire, taking the immense risk 
of developing complications and even death (Chapter XI). Finally, since the desire is present from 
early childhood on, BIID is not likely to be considered a certain “lifestyle preference”, similar to the 
choice to modify the body by tattoos or piercings (Chapter VI).

BIID patients suffer from their disorder because their mind and physical body are not in 
harmony. It comes down to the question: if one would tolerate that we adapt the physical body 
into the preferred mental body scheme, would the classification of disorder be necessary? It is 
consistent with the opinion of a number of BIID individuals that prefer not to medicalize their 
condition because they feel ‘they are different, it is part of themselves’. Imagine a small island 
in the middle of the South Pacific Ocean. On that island, after careful examinations, desires for 
body-modification in order to adapt the body to the mind are respected. There, BIID would be 
seen as a variety of human nature that is easy to cope with and not as an abnormal condition 
in which individuals mentally suffer their whole life. The label ‘BIID’ would not be appropriate 
anymore. However, today’s world is not this imaginary island. In our society we prefer or expect 

of the body. In comparison to control subjects, BIID subjects exhibited increased response of a 
large somatosensory network, regardless which leg was stimulated. More importantly, activity 
in the contralateral ventral and dorsal premotor cortex was reduced during tactile stimulation 
of the alienated leg compared to the other leg in BIID subjects. In the analyses of the structural 
scans, three more patients were included (one with double leg amputation and two with a desire 
for paralyzation). These scans revealed reduced gray matter volume in both the left ventral and 
dorsal premotor cortex and larger gray matter volume in the cerebellum in BIID patients. This 
supported existing brain models of body-ownership based on perceptual illusions (i.e. the rubber 
hand illusion paradigm), in which the premotor cortex (as well as the cerebellum) were suggested 
to be crucial for the experience of body-ownership through the integration of somatosensory 
and proprioceptive information. We suggested that BIID could result from a dysfunction in the 
integration of multisensory information, leading to a feeling of alienation of certain body parts.

DISORDER-RELATED SEXUAL AROUSAL IS A PROMINENT FEATURE IN BIID 
Chapter XI examined the presence of BIID-related sexual arousal in BIID individuals and investigated 
both the clinical and demographic variables of those (n=80) who do and do not possess this sexual 
arousal. The rationale for this study was the discrepancy between the clinical presentation of 
BIID individuals for whom sexuality plays an important role and the neglect of this phenomenon 
within the literature. We discovered a small subsample of BIID subjects for whom sexuality did 
not play any role. This small group distinguished itself in that it contained relatively more females 
and more individuals with a heterosexual persuasion. Moreover, subjects of this group reported 
a more stable disease course (less fluctuation in their BIID feelings over time) and had solely one 
motivation for body modification (i.e. restoring identity, instead of sexual or attention-drawing 
motivations). We concluded that fundamental research is necessary to study the underlying 
mechanisms of this disorder-related sexual arousal.  

THE ANALOGY OF GENDER DYSPHORIA AND EUTHANASIA HELPS IN THINKING ABOUT BIID 
TREATMENT
Chapter XII used the analogy of gender dysphoria and euthanasia as arguments in favor of elective 
amputation in cases of BIID.

DISCUSSION
 

I will focus my discussion on BIID since it drew my utmost attention. Until recently, much was 
unknown about BIID. Indeed, it is not even an official diagnosis listed within the ICD-10 or DSM-5. 
Some even continued to question whether it should be considered “a disorder”, as BIID individuals 
prefer to label their desire a variance of normality rather than an abnormality. From this point of 
view, should this “way of living” be medicalized? In case BIID will be defined as a disorder, we must 
determine the underlying processes and decide which medical discipline should address BIID. And 
if we would decide under which discipline the disorder should be classified, what does it mean for 
clinical practice? How should we treat BIID? Until it feels right? 

BIID IS A MEDICAL DISORDER
In this era, I would classify BIID as a medical disorder; and not as a “way of living”. I believe the 
classification of a disorder is justified, first because BIID is an abnormal condition in which there is a 

BOX 1 Illustrative quotes provided by BIID study subjects

BIID desires
“From a very early age, I felt that I must have a one legged body, the feeling of being ''complete'' in a 
physical as well as a mental sense as being one legged with a stump.”
“My mind tells me that my legs are not supposed to have any voluntary motion; also that my legs are 
supposed to be devoid of feeling.” 
“The best way I can describe the internal conflict is kind of like being at war with myself.  I know my body 
is normal, the way it should be and that's the person I'm expected to be. But I feel very differently, my 
body is wrong.”

Suffering 
“The desire is connected with thoughts and feelings which can overwhelm me and disturb my concentration 
on work, partner, friends and everything else.”  
“The feelings are always present, only when I am working or working out very intensely, for a few minutes 
I am not aware of my BIID”
“I constantly think about being an amputee.”

Amputation
‘‘I’m wondering if I am eligible to participate in this study, because since my amputation I do not have BIID 
feelings anymore’’
“Surgical amputation was the only option that eliminated my BIID suffering after 56 years of torture by 
BIID”
“I've been an amputee for almost seven years now and do NOT regret my choice to become an amputee.  
My "new" life started after my amputation. I felt alive for the first time in my life.”
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certain extent, the desired state.9,10 Alongside the feeling of incorrect embodiment and co-morbid 
pretending behavior, BIID patients share remarkably similar features with those who suffer from 
GD.11,12 For both, the age of onset is generally before adolescence, it is more common in men 
than in women and the prevalence of a homosexual orientation is higher than within the general 
population. Moreover, they both experience their desire as part of their identity and a number of 
them report co-morbid sexual arousal. Lastly, for both disorders, (self-induced) surgery appears to 
be the only effective form of treatment (Chapters VI and X).11,12

Other diagnostic options for classifying the disorder within the DSM-5 include: delusional 
disorder, factitious disorder and obsessive-compulsive and related disorders.8,13,14 Superficially, the 
desire to become amputated or paralyzed seems to fit the definition of a delusion. Delusions 
are idiosyncratic convictions that are unable to be changed by compelling counterarguments.3 
However, since BIID patients understand that their ideas are abnormal compared to regular 
human standards and can foresee the consequences of their desires, it should not be classified 
as a delusional disorder. Factitious disorder, moreover, does not fit BIID patients either. While the 
result of their desire is disability, they do not strive for (medical) care and attention nor otherwise 
aim to profit from their disability. Furthermore, authors have wrongly diagnosed the obsessionality 
and pretending behaviors of BIID patients as a subtype of obsessive-compulsive disorder.8,13 While 
the obsessional thoughts in BIID individuals might be bothersome due to their constant presence, 
their content is desired and does not provoke anxiety or distress, nor are the thoughts intrusive. 
Moreover, although the pretending behavior is performed to diminish the distress of disunity 
feelings, it only relieves them to a small extent and the act is easily discontinued when necessary. 
“There is a difference between my thoughts and actions. BIID is always on my mind, however, my 
actions are under control.” In OCD, on the other hand, the action is repetitively performed until 
a state of emotional well-being is achieved, though only for a short period of time.15 Moreover, 
BIID has also been wrongly confused with BDD, another body image disorder.16,17 Unlike BIID, BDD 
patients are preoccupied with an imagined or grossly exaggerated defect in their bodily (often 
facial) appearance and are rarely satisfied after body modification (e.g. rhinoplasty).18,19 Conversely, 
BIID patients regard their own physical body as being perfectly normal, but inconsistent with their 
idea of bodily self and are content after their body modification is performed (Chapter VI).

AN EXPLANATORY MODEL: THE ETIOLOGY OF BIID
Now that I have classified the disorder, on symptom level, alongside Gender Dysphoria in DSM-
5, we should determine the underlying processes. In literature there is no consensus about the 
etiology of BIID. Throughout the years there has been a variety of hypotheses, varying from 
psycho-dynamic erotic explanations (resemblance of an amputated stump to a large phallus)1 
to more brain-centered explanations that refer to the disorder as a parietal lobe syndrome.2,20 
In the following paragraphs, I contribute to the literature by presenting an explanatory model 
that combines the prominent hypotheses (neurobiological, identity and sexology) and integrates 
evidence from the present (Chapters VI-X) studies, clinical experience and other research.

Neurobiological
I presume that the premotor (PM) cortex is crucially affected in BIID, since it was the only area 
that was activated differently in the owned and alienated leg when tactically stimulated (Chapter 
VIII). Moreover, in this area, there was less gray matter in BIID subjects compared to the control 
subjects (Chapter IX). The premotor cortex is known for integrating multisensory information and 
is important in the experience of body-ownership in perceptual illusions (e.g. the rubber hand 

the physical body to remain fixed and the mind to be malleable. Adapting the mind seems more 
acceptable than a planned amputation of physically healthy limbs. Like one subject phrased: “It is 
a very strong desire which might be described in its intensity like when one is deeply in love with a 
person, but this person is too far away.” Until society is ready to change their view, I would officially 
include BIID within the upcoming ICD-11. Its official inclusion would acknowledge the suffering 
BIID patients experience today. Additionally, it would facilitate research and help find a way to 
relieve BIID patients of their suffering.

NOSOLOGY OF BIID: BIID IS A PSYCHIATRIC DISORDER
Now that I have decided that the medical world should address BIID, I should determine which 
discipline will take care of the BIID patients. A number of authors have classified BIID outside 
the psychiatric scope, under sexology or neurology.1,2 However, I do not consider BIID a sexual 
disorder or more specifically, a paraphilic disorder. While co-morbid disorder related to sexual 
arousal is present in the majority of BIID patients, it is certainly not present in all (Chapter X and 
see also below). Furthermore, it is neither the most prominent feature of the disease nor the 
one that causes the most suffering, as the feeling of disunity does. Finally, the onset of BIID often 
precedes the onset of sexual adulation and therefore, it is therefore unlikely that the disorder can 
be seen as a paraphilia per se.3 BIID should not be classified as a mere neurological disorder either. 
Superficially, BIID resembles neurological disorders of limb estrangement after cerebrovascular 
accidents (e.g. somatoparaphrenia and misoplegia).2,4,5 However, there are no major neurological 
deficits in BIID6,7 and the core complaint (feeling of disunity) is essentially different than the mal-
recognition, neglect and hatred towards non-functioning limbs often observed in those with 
neurological disorders.2,7,8 While there might be a neurobiological basis for the disorder that is 
related to this disunity (Chapters VIII and IX), it does not fully explain the broad spectrum of co-
morbid complaints (including body identity and sexuality). This complex pathology, especially in 
the absence of primary sensorimotor deficits, dismisses a neurological classification and favors a 
psychiatric one.

Within the psychiatric disorders, BIID would best be classified in DSM-V adjacent to gender 
dysphoria (GD), as the most prominent feature is marked distress due to compromised mental 
body morphology. The burden of mental suffering exceeds the limits of what can be seen as 
normal (Box 1). This “constant feeling of being in the wrong body” (i.e. wrong embodiment) seems 
not to be affected by any form of psycho- or pharmacotherapy (Chapter VI). Only pretending (by 
binding legs or using a wheelchair) relieves the individual’s suffering, as it is able to simulate, to a 

BOX 2 What is psychiatry, neurology or sexology: definitions according the Oxford dictionary

Neurology: “the branch of medicine or biology that deals with the anatomy, functions, and organic 
disorders of nerves and the nervous system”
Sexology: “the study of human sexual life or relationships” with sexual defined as “relating to the instinct, 
physiological processes, and activities connected with physical attraction or intimate physical contact”
Psychiatry: “the study and treatment of mental illness, emotional disturbance, and abnormal behavior”, 
with mental defined as “relating to the mind” and mind as “the element of a person that enables them 
to be aware of the world and their experiences, to think, and to feel; the faculty of consciousness and 
thought”
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Identity
It is not clear whether or not BIID is a disorder of identity, like the name suggests, since identity 
is defined by the Oxford dictionary as “the fact of being who or what a person or thing is” or “the 
characteristics that determine who a person is”. Classically, identity is disturbed when there is a 
striking and persistent unstable self-image and overreliance on others to experience a coherent 
sense of self, such as in borderline personality disorder (BPD).31 Based on retrospective reports, 
BPD and BIID almost never co-occur;32,33 neither do personality profiles in BIID deviate from 
normality.34 Although Hänggi et al. found elevated BPD scores in 13 BIID subjects, a number of 
items specifically asked for the rater’s dissatisfaction with their own body, or parts of it, and these 
items inflated the results of the questionnaire.30 It is therefore unlikely that identity is disturbed 
in BIID. Rather, the core problem in BIID is the experienced incongruence between the patient’s 
anatomic and mental body and as a result, their desire to modify their body (Chapter IV). Because 
this desire is chronically present since early childhood, it may well become part of who they are, a 
part of their identity. This identity is considered to be contrary to normality since a normative body 
consists of four functioning limbs. Therefore, BIID individuals do not suffer from a fluent or unstable 
self (like in BPS), but experience a non-normative, although relatively stable, identity. This is more 
similar to individuals with congenital deafness or blindness who regard their ailments as part of 
their identity than to those who became blind or deaf later in life.14 To avoid misinterpretation 
and judgement, “identity” has been deleted from newly proposed names for this condition. BIID 
support groups use the neologism “transabled” in analogy to transgenderism14; M. First recently 

illusion).21,22 Indeed, our studies provide evidence that the premotor cortex is also involved in 
the feeling of ownership over one’s real limbs. Either PM grey matter reduction as a result of 
developmental problems could lead to abnormal processing or the reduced neural activity could 
lead to structural changes in this area. However, it remains unclear whether a disturbed PM is the 
cause of BIID feelings of alienation, or whether developmental differences in the feeling of body-
ownership lead to PM disturbances.

Zooming in on the PM is different from an earlier hypothesis that BIID is a parietal lobe 
syndrome.7 This hypothesis resulted from superficial resemblances to neurological body ownership 
disorders in which the parietal lobe is affected (see above).2 However, the lifelong inner struggle 
of not connecting with one’s limbs in BIID, in the absence of sensory misperceptions, is essentially 
different than the sudden mal-recognition and neglect that occurs after a cerebrovascular 
incident. In further support of this idea, stroke patients with asotomagnosia did not appear to 
have sustained damage in regions connected to the premotor cortex, whereas patients that failed 
to experience a rubber hand illusion did.23 Focusing on disturbed premotor activity rather than 
the parietal lobe might also explain why vestibular stimulation (known to temporarily normalize 
somatoparaphrenic beliefs) did not diminish the desire for amputation in five BIID subjects.24

The premotor cortex is anatomically connected to a number of somatosensory and visual 
areas within the posterior parietal cortex as well as to certain frontal motor areas (e.g. other 
regions supposed to be involved in body-ownership),25,26 although evidence has mostly been found 
to be significant at a trend level for abnormalities in BIID within these regions.2,6,27–29 A preliminary 
magnetoencephalographic (MEG) study has suggested a reduced response rate of the right 
superior parietal lobule for tactile stimulation of the affected leg in four BIID subjects.2 Moreover, 
a structural MRI study found reduced cortical thickness of the superior parietal lobule in 13 BIID 
subjects compared to the healthy controls.6 They also found reduced cortical surface areas for the 
right inferior parietal lobule, primary and secondary somatosensory cortices and right anterior 
insula.6 However, the results of both studies did not outlast a correction for multiple comparisons. 
When we plotted an ROI of all the regions found within this last study, we discovered a peak in the 
inferior parietal lobule, although not at a significant level (Chapter IX).

In addition to the frontoparietal regions, we hypothesize that the cerebellum is involved in 
BIID. We found that the cerebellum was hyperactive during tactile stimulation (regardless which 
leg was stimulated) (Chapter VIII) and enlarged gray matter volume in both cerebella (Chapter 
IX). Structural and functional hyper-connectivity between the cerebellum, basal ganglia and 
sensorimotor system (paracentral lobule, supplementary area and postcentral gyrus) were also 
prominent in the same 13 BIID individuals, as previously mentioned.6 One may hypothesize that a 
hyperactive cerebellum compensates for the impaired PM functioning of polysensory integration 
(Chapter IX).

Thus far, we concluded that the premotor cortex and cerebellum play an important role, both 
incorporating multisensory information into a feeling of unity between the physical and mental 
body. However, this has only been tested in small (groups of five to eight) samples (Chapter VIII 
and IX). It is likely that the PM and cerebellum are not the only regions disturbed in cases of 
BIID, but other frontoparietal and insular cortices and basal ganglia as well.6,27–30 For this reason, 
researchers should replicate these and other MRI studies. Given the low number of individuals 
available per site, a multi-center worldwide study would be preferred.

BOX 3 Illustrative quotes provided by BIID study subjects

Neurobiology
“I feel the line where my leg should end very vividly and physically”
“From my earliest memories, age of 4, I knew I needed to be an amputee.  I don't know how or where I 
"knew" this, but I knew I needed to lose my leg.”
“As far back as my memory takes me, I've felt that my current body isn't the correct one.”

Identity
“It is not something that I have, but something I am. As long as I can remember.”
“I am sure BIID is not a choice. I felt that way long before I was able to make any kind of choice.”
“My BIID identity is about being independent rather than being so crippled as to require special attention 
or be dependent on others. It has never been about being the target of "pity" from others as I do not like 
that.” 

Sexuality
“Many times since early childhood I stood before a mirror, posing as a one-legged person and did pretend 
as such with my leg bended in my trousers, the empty trouser leg excited me very much and I felt this was 
and still is my true body.”
“I have never been sexually aroused when seeing an amputee. However, I maybe be more comfortable 
sexually with myself and others as an amputee, because I would be a complete person.”
“In the past I assumed that I just had a strange sexual fetish. There is a minor sexual attraction, I find it 
attractive, but sex is not the focus or goal of the desire.”
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Conclusion etiology
BIID is a congenital neurodevelopmental disorder in which the integration of multisensory 
information is disturbed and a dysfunction of the premotor cortex plays a prominent role. This 
lifelong feeling of disunity between the physical and mental body is so ingrained that it merges with 
the individual’s identity and leads to co-morbid feelings of sexual arousal by either the combined 
stimulation of the genitals and legs or by the misattribution of hyperarousal when recognizing their 
own bodily identity in a disabled person. Because of the inseparability of sexuality and identity, 
this sexual preference may reaffirm the developing identity.

CLINICAL AND RESEARCH PERSPECTIVES IN BIID
Now that I have classified BIID and have proposed an etiological model, it is of importance to 
focus on further research on BIID. This focus is necessary because as of yet there are no adequate 
methods for relieving patients of their suffering. Below I outline several research and clinical 
options that will contribute to understanding BIID and will hopefully diminish their suffering.

New name and official medical classification
There is currently no consensus on what name should be given to what is currently known as 
BIID. Indeed, the number of names used to discuss BIID nearly exceeds the amount of patients 
described within the literature (see box 4). It is even more unfortunate that none of these names 
accurately capture the essence of the disorder nor is one consistently used within the literature. 
This difficulty with regard to names complicates researchers’ ability to conduct research and 
makes it difficult to achieve official medical recognition for this disorder. I therefore suggest that 
BIID be renamed into a more suitable and unifying concept, that should be used by all research 
groups and with which BIID patients could feel at ease. Furthermore, the name should focus on 
the feeling of disunity and not imply any judgement.

The name given to BIID should not merely be a description of the disorder (like amputation 
desire, self-amputation or healthy limb amputation) nor should it emphasize a stigmatizing 
symptom of the disorder (like apotemnophilia or body integrity identity disorder) or be exclusionary 
(like xenomelia). In the most recent review of BIID, Brugger et al. avoided using a name altogether 
and instead, referred to it as a “desire to acquire a disability.”11 Although it is common knowledge 
that disabled as a label encompasses those who have undergone amputations or are paralyzed, 

submitted a proposal to include the disorder in ICD-11 as body integrity dysphoria.35 The latter 
represents the psychological strain from which BIID individuals suffer by not being able to adapt 
their physical body to their mental body, rather than derangement per se.

Sexology
The sexual component of BIID is more of a requirement than a coincidence, although it is highly 
doubtful that this sexual arousal underlies the desire for amputation or paralyzation in BIID 
individuals. We found that about 70% (Chapter X) of BIID patients report some type of BIID-
related sexual arousal (i.e. arousal when imagining themselves or others being disabled; when 
seeing someone disabled; when acting like being disabled). This is largely in line with cohort 
studies that have reported 44-87% co-morbid feelings of sexual arousal 9,34,36 and might even be 
an underestimation when considering the secrecy and shame that BIID individuals experience 
(Chapter VI), especially around sexuality.

It has been suggested that the closeness of the leg and genital areas within the somatosensory 
cortexes can explain the combination of sexual arousal and leg amputation.34,37 In amputees as 
well as in paraplegia, phantom leg sensations can accompany genital sensation, which supports 
this suggestion but does not explain the variety of sexual arousal observed in BIID patients.20,38,39

Another hypothesis could be experiencing “sexual arousal” due to the misattribution of 
hyperarousal when thinking about or seeing someone with their preferred disability as a child: 
“That’s how I’d like to be”. Mixing hyperarousal and sexual arousal is a known phenomenon.40,41 
For example, a young boy who is nervous for his first speech at school may experience an erection 
(without the sexual connotation). There is evidence that in BIID individuals, a hyper-focus and 
-arousal of limbs persists into adulthood. In a behavioral experiment, tactile stimulation of the 
affected limbs was accompanied by an elevated response of the autonomic nervous system.7,42 
Moreover, we found increased activity of the entire somatosensory network, including the parietal 
cortex and insula, during tactile stimulation regardless of which leg was stimulated (Chapter VI). 
These brain regions strikingly overlap with those found to be active during sexual arousal in 
unaffected humans.43 This hyper- and sexual arousal in response to other amputees may vary 
among individuals and may be more present in males (as their sexual drive is higher).44 This could 
explain why a small group of BIID patients, consisting of a higher percentage of females, has not 
attributed any sexual feelings to their BIID (Chapter X).

A slight variance on the previous hypothesis has been suggested by Ramachandran et al.45 
They have postulated “Sexual aesthetic preference for certain body morphology is dedicated in all 
individuals in part by the cortical representations of one’s body image. Hence a donkey is attracted 
to a donkey-like creature”. Assuming that BIID derives from a congenital abnormality in the neural 
representation of the body, children might be drawn to people with their desired physical body 
(i.e. someone with an amputation or sitting a wheelchair).45 Moreover, this may also explain why 
a number of patients report contact with a disabled person to be the first remembrance of their 
BIID feelings.9 In further support of this idea, Macauda et al. found that BIID individuals experience 
a stronger implicit and explicit preference for amputated bodies than both healthy controls as well 
as involuntary amputees experience.46

A prospective study that compares neural and physiological correlates during sexual arousal 
(stimulation through visual stimuli) in BIID to those with non-amputation paraphilia and healthy 
controls would be necessary to substantiate the aforementioned hypotheses. However, given the 
secrecy and shame of many BIID patients, such a study might be difficult to conduct. 

BOX 4 A myriad of names for BIID

A myriad of names describing BIID can be found throughout the literature. A number of these only 
describe the pathology of the disorder, such as amputation desire, self-amputation, healthy limb 
amputation.49–52 Others label the disorder according to the hypothesized background of the disorder, 
such as the paraphilic name apotemnophilia1,53,54 (from ancient Greek: απο, from; τέμνειν, to cut; φιλία, 
love), or body integrity identity disorder,9,33,34 which focuses on the conflicting body identity that patients 
reported. Misattributing BIID under another diagnosis, like body dysmorphic disorder,16,17 is also common 
within the literature. Xenomelia2,20 (from ancient Greek ξένος, foreign; μελοσ, limb) was introduced by 
neuroscientists as a neutral name, although it solely describes the BIID amputation variant. Recently, 
body integrity dysphoria35 was submitted to be included within the ICD-11. This names focuses on body 
dysphoria and includes all of the BIID variants.
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intervening in any medical way is not recommended, apart from treating co-morbidity. In this way, 
I hope to ameliorate the understanding of this rare condition.

In addition to the younger ones, I would also like to gather an adult clinical and research cohort 
for the purpose of following them closely over the years. This study would aim to describe the 
course of the patients’ disorder, confirm our hypothesis about a deficit in multi-sensory integration 
by using new paradigms and consider options for testing sexuality (as mentioned within the 
previous paragraph). However, although I am extremely curious and motivated to understand BIID 
better as a researcher, I am also a medical doctor. Throughout the years, I have felt disheartened 
about the fact that I could only offer patients psycho-education and support. I observed that 
although I had been very clear about what I had to offer and what my professional boundaries 
were, patients continued to hope for more, such as surgical procedures. Therefore, I believe that 
new research should also focus on potential therapy options.

I do not see any use in conducting a randomized controlled trail (RCT) to examine the effect 
of psychotropic medication or the effect of psychotherapy, given the retrospective negative 
responses of all patients who individually tried such intervention (Chapter IV). Indeed, it would 
be more beneficial to conduct an RCT on the effects of transcranial magnetic stimulation (TMS) of 
the premotor cortex and/or posterior parietal cortex. However, the consequences of diminishing 
the desire or “gaining” a limb need to be taken into account. For example, they may lose a part of 
their identity. Thus, it is necessary to determine whether or not it is ethically justified to attempt 
such measures when the symptoms have become such a part of who the patients are. I believe, 
however, that when proper pre- and posttreatment care is provided and the patients are carefully 
instructed, this option should be attempted.

Subsequently, when this option does not alleviate their suffering, body modification (for 
example amputation) should be seriously considered. The seven subjects that self-amputated their 
limbs all report their quality of life to have increased significantly (Chapter IV). This concurs with 
a report by Noll et al. in which 21 operated BIID individuals all reported to be cured of their BIID 
after surgery.47 This option is in line with the opinion of many BIID patients that their body should 
be adjusted to the brain instead of the inverse (Chapter XI). However, when resorting to such a 
research procedure, all medical, ethical and juridical aspects need to also be carefully considered. 
Moreover, the patients who are eligible for such a study must be chosen with great care; they 
should be followed for a long period of time and, for example, their motivation, support system 
and their general and social functioning need to be examined thoroughly. For these reasons, I 
believe it will be quite some time before the (medical) world is ready for such research. Until then, 
we should provide BIID patients with the best support we can by respecting their BIID and helping 
them cope with such an unusual feeling.

LIMITATIONS
A limitation of my studies is the lack of face-to-face clinical examinations by experienced clinicians 
(Chapters II, III, VI, X). During the NEMESIS studies, however, the subjects were interviewed by 
well-trained interviewers who used a validated instrument (CIDI). In our BIID studies we would 
have preferred to meet with the patients face-to-face, although the included subjects were widely 
spread across the globe and even if they did live in the general vicinity, the shame (of being 
“discovered”) was often too strong to visit a (psychiatric) clinic. For studying a rare disorder, such 
as in the present case, the internet has been suggested as a means of communication.48 This leads 
directly to the second limitation, that even within the studies that included conducting face-to-
face examinations with BIID patients, the sample sizes were extremely limited (Chapters VIII and 

it is not the disability itself that BIID patients desire. Therefore, describing the name in such way 
might result in a number of misinterpretations. Recently, the label body integrity dysphoria was 
submitted to be used in the ICD-11. This label focuses on body dysphoria and includes all of the 
BIID variants.35 However, the inclusion of the word integrity (the state of being whole-undivided) 
maintains the focus on amputation, while other variants (see below) might be as common. Body 
dysphoria would be more appropriate. I used the name BIID throughout this paper although I 
do not agree with it, because I believe it is important to use a name that is used by patients 
themselves and with which medical professionals are most familiar. During my research, the name 
that fits these criteria appeared to be BIID. Moreover, to depart from the exact meaning of the 
name, I stuck with the abbreviated form: BIID. However, that being said, I am very much in favor 
of a name change (i.e. Body Dysphoria) for this disorder. 

Variants
While there is consensus among researchers that BIID is more than a desire for amputation, 
little research has been conducted on other variants, like the desire for paralyzation, blindness 
or deafness.11,36 However, we can assume that, at minimum, the desire for paralyzation and 
amputation are on the same continuum. In Chapters VI and X no evident clinical, sexological and 
epidemiological differences between the two were found, apart from a relatively higher percentage 
of females within the paralyzation group. Moreover, the present study was the first to include 
BIID patients with a paralyzation variant in an sMRI (Chapter IX). While there were insufficient 
individuals to officially investigate these subjects (n=2), we descriptively examined whether the 
two patients with the paralysis desire exhibited any differences compared to the amputation 
variant (not reported in the paper). We plotted the individual data of the signal intensity for both 
ROIs (i.e. dorsal and ventral premotor cortices). The visual inspection suggests that the values of 
the BIID patients with the paralyzation variant did not differ from that of the others. Thus, we 
hypothesized that the paralyzation variant could be seen as a “milder form of BIID,” disintegrating 
the multisensory information to the extent that the limbs are not supposed to function, whereas 
stronger dysfunction might lead to stronger desire, i.e. amputation of the limbs. However, given 
the extremely limited sample size, this study needs to be replicated to confirm such a hypothesis. 
Therefore, I urge all BIID research groups to include all of the variants of desired body modification 
within subsequent studies.

Cohorts and interventions
Surprisingly, no literature has described pediatric BIID, despite the disorder being congenital or at 
least present at a young age. Therefore, once the diagnosis is formally recognized (and time and 
money are not an issue), I recommend following a pediatric cohort from the end of childhood 
through their adolescence and into adulthood. First, I would need to find these young patients. 
Given that these patients rarely present themselves to a doctor, they would most likely need to be 
found within the general population. For example, we could ask Dutch school doctors –who see 
every child by the age of thirteen– to screen for BIID and if suspected, refer these children to a 
specialized center. These patients need to be screened physically and psychiatrically to determine 
whether or not they fit the BIID profile. Subsequently, these doctors should monitor their 
complaints, identity and sexual development over the years. Moreover, psycho-education of these 
children and their parents is warranted, in the hope that acknowledgement of and understanding 
for their disorder will diminish a portion of the burden many BIID patients bear. Since this 
young and vulnerable group’s brains, identities and sexual preferences are still in development; 
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IX). This hampered our possibilities to further stratify, for example, according to the type of BIID 
or depending on which side is affected. Results should therefore, be interpreted with caution and 
for this reason, collaboration with other research groups appears to be more of a requirement 
than an option for future studies. A third limitation is that a majority of statements about BIID 
(for example, the lack of effect of antidepressant treatment) is based on retrospective cross-
sectional data and thus, recall-bias might have influenced the results. These BIID patients deserve 
to undergo follow up for a longer period of time, preferably starting before adulthood so that the 
course of the disorder can be prospectively and accurately described. A fourth, but inevitable 
limitation of the studies is the lack of official criteria for and medical recognition of the disorder. 
Until BIID is recognized as a genuine medical disorder with appropriate treatment options and 
diagnostic criteria, it is impossible to conduct an actual epidemiological study on the prevalence 
and characterization of the condition.

CONCLUSION
In conclusion, BIID is an unusual medical disorder that urgently requires an official classification. 
Without this recognition, it is impossible to carefully study the disorder with care and determine 
treatment options to alleviate the immense suffering of BIID patients. The disorder should be 
placed within the DSM-5 (adjacent to Gender Dysphoria) since the core-pathology is a non-
delusional, congenital feeling of bodily disunity between a mental and physical body image 
that subsequently leads to a desire for amputation or paralyzation, in the absence of any major 
sensorimotor deficits. Regarding the etiology, BIID is congenital neurodevelopmental disorder in 
which the integration of multisensory information is disturbed and a dysfunction of the premotor 
cortex plays a prominent role. The lifelong feeling of disunity is so ingrained that it supposedly 
merges with the patient’s identity. This feeling might lead to co-morbid feelings of disorder-related 
sexual arousal by misattributing the hyperarousal that occurs when recognizing their own bodily 
identity in someone who is disabled. Regarding clinical and research perspectives, a name should 
be chosen that best fits this core-pathology and is free of judgment. Moreover, patients should 
feel at ease with the name and it should be one that will be used by all research groups. Research 
should continue focusing on the prospective collection of data for both pediatric and adult cohorts 
and closely observe the course of the disorder and the development of both the patient’s sexuality 
and identity. Furthermore, the research should consider all variants. In addition to understanding 
the disorder, research should focus on therapeutic options (like TMS or elective amputations), 
although each option should always be given the most careful consideration possible. Until proper 
treatment is discovered, the first step is to provide care to those who suffer from BIID, for whom 
understanding and respect are of the utmost importance when being approached. 
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DEEL 2: OBSESSIEVE-COMPULSIEVE EN VERWANTE AANDOENINGEN
In mijn studietijd werd er wereldwijd gewerkt aan een nieuw classificatiesysteem in de psychiatrie: 
de DSM-5 (Diagnostic and Statistical Manual of Mental Disorders). In 2007, in de aanloop naar 
de uitgave van DSM-5, stond de nosologische status van OCS ter discussie. Destijds werd OCS 
geclassificeerd als een angststoornis. In onze onderzoeksgroep vonden we echter dat in OCS 
niet de angst maar de compulsiviteit, dat wil zeggen het gevoel gedwongen te worden, op de 
voorgrond stond. Het was de vraag of OCS nog onder de angststoornissen geclassificeerd moest 
worden of samen met andere compulsieve stoornissen, zoals verzameldwang of een tikstoornis, 
een nieuwe categorie zou moeten vormen. Klinisch zagen we namelijk dat compulsieve 
handelingen en obsessionele gedachten niet louter specifiek waren voor OCS, maar ook vaak 
voorkwamen bij andere stoornissen alsmede in gezonde personen. We besloten te onderzoeken 
hoe vaak dwanggedachten voorkwamen in de Nederlandse samenleving aan de hand voor een 
groot bevolkingsonderzoek (n=7076). Obsessies kwamen frequent voor: 1 op de 20 mensen in 
Nederland had life-time last van dwanggedachten en voor mensen met een psychiatrische stoornis 
was dit zelfs 1 op 10. Dwanggedachten waren geassocieerd met een matige kwaliteit van leven 
en matige algemene gezondheid. Gecontroleerd voor de aanwezigheid van andere psychiatrische 
stoornissen bleef deze negatieve associatie bestaan. We suggereerden dat obsessies gezien 
konden worden als een op zichzelf staand symptoom, gelieerd aan verschillende psychiatrische 
stoornissen en niet louter aan OCS (hoofdstuk II).

In datzelfde jaar zagen we dat OCS patiënten niet alleen leden aan hun stoornis. Soms haalden 
zij er ook enig plezier of een voldaan gevoel uit. Deze patiënten voelden zich beloond wanneer 
hun keukenkasten netjes waren geordend of wanneer hun woonkamer er spic en span uitzag 
na het schoonmaken. Dit beloningsgevoel zorgde ervoor dat hun gedrag van schoonmaken of 
ordenen positief werd bekrachtigd. Deze positieve bekrachtiging kenden we vanuit de verslaving. 
Patiënten die verlangen naar het gebruik van drugs, werden positief bekrachtigd wanneer ze deze 
stimulerende middelen namen. Omgekeerd zagen we dat juist langdurige verslavingsstoornissen 
iets dwangmatigs kregen. Deze van drugs afhankelijke patiënten haalden geen plezier meer uit 
hun drugsgebruik, maar voelden zich gedwongen tot het kopen en gebruiken van drugs. Door 
de overeenkomsten in fenomenologie vroegen we ons af of OCS en verslaving vaker samen voor 
zouden komen. We testten dit in data van de NEMESIS, een groot Nederlands bevolkingsonderzoek. 
We vonden dat OCS patiënten vaker een verslaving hadden dan mensen in de algemene populatie. 
Verder vonden we dat bij mannen OCS en een ernstige verslaving vaker samen voorkwamen 
dan een ernstige verslaving samen voorkwam met een andere psychiatrische stoornis. Deze 
epidemiologische data ondersteunden het idee dat OCS en verslaving een gemeenschappelijke 
(neuro)biologische kwetsbaarheid hebben, dat resulteert in overlappende symptomen en een 
hoge mate van co-morbiditeit (hoofdstuk III). 

Om mijn wetenschappelijke horizon te verbreden studeerde ik in 2010 enkele maanden 
aan de Johns Hopkins Universiteit in Baltimore. Ik werkte samen met een hoogleraar die zich 
had gespecialiseerd in zowel OCS als hoarding (verzameldwang). Patiënten met verzameldwang 
hebben moeite met dingen weggooien, ook als deze dingen vrijwel geen waarde hebben 
zoals kranten of verpakkingen. Als gevolg hiervan verzamelen zij zoveel zaken dat leefruimtes 
onbegaanbaar worden. Destijds (in 2010) werd verzameldwang gezien als het buitenbeentje 
van de dwangstoornissen. De dwang in hoarding werd door patiënten vaak gezien als nuttig, 
alwaar OCS dwang als onnuttig werd gezien. Verder werkten de standaard farmacologische en 
gedragstherapeutische behandeling voor dwang slecht voor de pathologische verzamelaar. 
Tenslotte hadden pathologische verzamelaars een ander neurocognitief profiel dan OCS patiënten. 

NEDERLANDSE SAMENVATTING

DEEL I: INTRODUCTIE
Hoofdstuk I beschrijft het relaas van tien jaar onderzoek, of misschien wel van dertig jaar 
nieuwsgierigheid. Ik kan me niet anders herinneren dan dat ik dingen graag wil begrijpen. Als 
kleuter kon ik uren wakker liggen omdat ik bepaalde dingen niet begreep. Ik vroeg me af hoe 
er gasbelletjes in een glas cola ’uit het niets’ ontstonden of waarom mijn grootvader in de 
krant kon lezen dat hij die nacht rijker was geworden. Pas jaren later, toen ik leerde over 
evenwichtsvergelijkingen en beurskoersen, werden deze vragen opgelost. Het zoeken naar 
antwoorden werkte verslavend. Deze verslaving was één van de redenen, dat ik al vroeg tijdens 
mijn studie geneeskunde startte met onderzoek doen in de richting die mij het meest fascineerde: 
de psychiatrie. Geënthousiasmeerd door de nieuwe hoogleraar psychiatrie, die in 2007 net in het 
Academisch Medisch Centrum, Amsterdam (AMC) was komen werken en zich had gespecialiseerd 
in dwangstoornissen (OCS, zie box 1), begon ik mijn promotietraject. Ik startte generalistisch 
en deed -in het licht van de destijds aankomende DSM-5- onderzoek naar de verschillen en 
verbanden tussen de obsessieve-compulsieve en daaraan verwante stoornissen. Later raakte ik 
gefascineerd door een man die geobsedeerd was met de wens zijn been te amputeren (BIID, zie 
box 2) en probeerde zijn aandoening beter te begrijpen. Zo eindigde mijn promotietraject door 
me te specialiseren in BIID.

Box 1 De obsessieve-compulsieve stoornis (OCS), ook wel dwangstoornis genoemd, is een aandoening 
die een op de vijftig mensen treft, meestal ontstaat in de late adolescentie en evenveel voorkomt onder 
mannen als vrouwen. OCS patiënten hebben last van intrusieve gedachten, impulsen of voorstellingen 
die zich ongewild aan hen op dringen en vaak zorgen voor onrust of angst. Om deze angst of onrust te 
verminderen voelt de OCS patiënt zich gedwongen een bepaalde handeling (herhaald) uit te voeren. Zo 
moet bijvoorbeeld iemand met smetvrees haar handen ten minste vijftig keer op een bepaalde manier 
wassen, nadat zij iets “besmets” heeft aangeraakt. Hiermee hoopt zij angst of ziekte te voorkomen. Of 
iemand voelt zich gedwongen zijn gehele kledingkast op kleur te ordenen totdat “het goed voelt”. Om 
officieel aan de diagnose OCS te voldoen moet iemand meer dan een uur per dag bezig zijn met deze 
dwanggedachten en -handelingen. Daarbij moeten deze symptomen klinisch significante lijdensdruk of 
beperkingen in het dagelijks functioneren veroorzaken.

Box 2 Body Integrity Identity Disorder (BIID) is een zeldzaam en weinig onderzocht fenomeen, waarbij 
mensen een sterk verlangen hebben om verlamd of geamputeerd te zijn. Het onderliggende motief 
voor deze lichaamsverandering is een discrepantie tussen het mentaal ervaren lichaamsbeeld en het 
daadwerkelijke fysieke lichaam. Mensen met BIID ervaren dat een bepaald deel niet bij hun lichaam hoort 
(amputatie), of niet zou moeten werken (verlamming). Deze mensen zijn niet psychotisch en zien in dat 
hun verlangen door anderen als bizar wordt gezien. Veel mensen met BIID mijden de gezondheidszorg 
uit angst niet begrepen te worden. Door bijvoorbeeld het afbinden van een been of het gebruik van 
een rolstoel,  proberen zij hun eigenlijke lichaam te evenaren (“pretenden”). Sommigen gaan zelfs over 
tot zelf-amputatie. De prevalentie van de aandoening is niet bekend omdat het enerzijds geen officiële 
stoornis is en dus nooit in bevolkingsonderzoek is meegenomen, anderzijds omdat veel mensen niet 
uitkomen voor hun BIID uit schaamte. Wel zijn er BIID internet-fora waarvan duizenden mensen lid zijn. 
Wellicht is de stoornis daarom minder zeldzaam dan initieel werd verondersteld.
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patiënten die dit niet hadden gedaan. We suggereerden dat amputatie van een gezond ledemaat 
in BIID leidde tot remissie van de stoornis en verbetering van de kwaliteit van leven. Gezien het 
feit dat een door een chirurg geplande amputatie tot dan toe geen optie was, adviseerden we dat 
kennis van de aandoening en respect voor hun klachten de belangrijkste stap was in zorg voor BIID 
patiënten (hoofdstuk VI).

Vrijwel alle BIID patiënten die aan onze eerste studie deelnamen kwamen uit Westerse landen. 
Daarbij kwam, dat de meeste patiënten man waren en hoog opgeleid. Juist deze kenmerken 
(blanke, hoogopgeleide man) kwamen ook naar voren in veel gevalsbeschrijvingen alsmede in het 
eerdergenoemde onderzoek van M. First. We vroegen ons af of BIID wellicht een welvaartsziekte 
was. Anderzijds zou het kunnen dat er sprake was van een sterke ‘ascertainment bias’. We zochten 
immers via het internet en communiceerden in het Engels. In die tijd (2011) werkten er een Japanse 
en een Chinese psychiater op onze afdeling. Geraakt door mijn BIID-enthousiasme, zochten zij in 
de hun lokale medische literatuur naar BIID cases. Zij vonden vijf Japanse artikelen die uiteindelijk 
twee cases bleken te beschrijven. In de Chinese literatuur vonden zij alleen BIID gerelateerde 
gevallen, zoals een vrouw met een nagebootste stoornis die zelf haar been amputeerde om 
verzekeringsgeld te krijgen en iemand met acromotophilia, die (seksueel) opgewonden raakte 
van het zien van een ander persoon met een amputatie. Dat er zo weinig cases gevonden waren 
in Japan en China, zou enerzijds te maken kunnen hebben met de grote schaamte rondom de 
stoornis en de onbekendheid ervan onder artsen, versterkt door de meer gereserveerde cultuur. 
Anderzijds zou het ook zo kunnen zijn dat het lage aantal een daadwerkelijke reflectie was van 
het weinige aantal patiënten in deze landen. We hoopten dat deze publicatie zou leiden tot meer 
bekendheid van de stoornis onder Japanse en Chinese professionals (hoofdstuk VII).

In diezelfde tijd gebruikten we BIID om te leren welke neurobiologische mechanismen ten 
grondslag lagen aan het gevoel van “body-ownership”: het gevoel dat je lichaam van jezelf is. 
Tot dan toe waren hersencircuits die betrokken zijn bij body-ownership voornamelijk gebaseerd 
op experimenten in gezonde vrijwilligers of patiënten met een lichaamsbeeldstoornis na een 
laesie in het brein. Zo leerde het experiment “de rubberen hand illusie” (RHI) ons dat ons lichaam 
flexibel is. In dat experiment wordt een rubberen hand waargenomen als iemands eigen hand. 
Deze illusie wordt opgewekt door tegelijk te wrijven over de rubberen en iemands echte arm, 
terwijl de proefpersoon alleen de nep-arm ziet. Naast het feit dat BIID ons mogelijk iets kon leren 
over de hersencircuits betrokken bij body-ownership, zouden mogelijk ook therapeutische targets 
kunnen worden ontdekt in de hersenen. De zeldzaamheid van de stoornis en de schaamte van 
patiënten maakten het moeilijk om patiënten te includeren voor onze MRI studie. We vergeleken 
hersenactiviteit van BIID patiënten (n=5) met die van gezonde proefpersonen wanneer hun beide 
benen tactiel werden gestimuleerd. Onafhankelijk van welk been er werd gestimuleerd vonden 
we verhoogde hersenactiviteit in BIID patiënten in een groot somatosensorisch netwerk. Mogelijk 
zouden BIID patiënten gevoeliger zijn voor tactiele stimulatie (hyperfocus op hun benen), wat 
resulteerde in versterkte somatosensorische feedback en verhoogde hersenactiviteit. Binnen 
de groep BIID patiënten vonden we verminderde activiteit in de premotor cortex wanneer het 
ongewenste been werd gestimuleerd in vergelijking met stimulatie van het gewenste been 
(hoofdstuk VIII). Bij analyses van de structurele hersenscans includeerden we ook patiënten 
met een wens tot verlamming (n=2) of dubbelzijdige amputatie (n=1). Op de scans van deze in 
totaal acht patiënten zagen we verminderde grijze stof in de linker dorsale en ventrale premotor 
cortex en vermeerdering van grijze stof in het cerebellum (hoofdstuk IX). De premotor cortex en 
het cerebellum kenden we als belangrijke integratiegebieden voor multi-sensorische informatie 
(visueel, tactiel, proprioceptief) vanuit de RHI studies. Deze integratie was noodzakelijk voor het 

Gezien deze verschillen, waren er in 2010 veel voorstanders om hoarding als een aparte stoornis 
te classificeren. Om OCS en verzameldwang beter te kunnen (onder)scheiden onderzochten we 
verscheidene neurocognitieve functies in deze groepen. We vonden dat zowel OCS patiënten als 
verzamelaars slecht scoorden op een geheugentaak, echter verzamelaars scoorden slechter dan 
de dwangpatiënten. Dit wees niet op een kwalitatief verschil tussen beide stoornissen. Wel zou 
het kunnen zijn, dat hoarding een ernstiger vorm van OCS zou zijn. In een beslissingstaak leerden 
dwangpatiënten beduidend trager dan de verzamelaars en de gezonde controles. Dit liet zien 
dat OCS en hoarding ten minste op één domein verschillende neurocognitieve profielen hebben 
(hoofdstuk IV).

In 2013 werd de verzameldwang als aparte stoornis vermeld in de DSM-5. Met een officieel 
label op zak, meldden zich meer verzamelaars op onze poli in het AMC. Een van deze patiënten 
was naast het verzamelen van waardeloze spullen gepreoccupeerd met het verzamelen van 
digitale foto’s. Hij was zoveel tijd kwijt met het nemen en organiseren van deze foto’s -waarvan hij 
er nooit één weggooide- dat het interfereerde met zijn dagelijks leven. We beschreven deze casus 
in een wetenschappelijk tijdschrift en introduceerden een nieuw type van de verzamelstoornis: 
digital hoarding (hoofdstuk V).

DEEL 3: BODY INTEGRITY IDENTITY DISORDER
Al is het misschien vloeken in de wetenschappelijke kerk, het liefst zou ik mijn thesis louter hebben 
geschreven op basis van gevalsbeschrijvingen. Ik heb plezier in het nauwgezet bestuderen van 
individuele patiënten, hen observeren, bevragen, bekijken en begrijpen wat hen drijft. Wellicht 
raakte ik daarom zo gefascineerd door een patiënt die zich aandiende in het AMC, die ons 
vertelde dat één van zijn benen niet bij zijn lichaam hoorde. Hij kon exact de lijn aanwijzen waar 
hij geamputeerd zou moeten worden en vertelde ons dat hij leed aan BIID. Hij vertelde ons dit, 
omdat wij nog nooit van deze aandoening hadden gehoord. Op dat moment (2008) was er slechts 
één wetenschappelijk artikel over BIID waarin M. First de kenmerken van ongeveer vijftig BIID 
patiënten beschreef. Andere artikelen over BIID waren gevalsbeschrijvingen of ethische artikelen. 
Ik werd geraakt door de schaamte en het lijden van deze patiënt en was gefascineerd door de 
discrepantie tussen de eenvoud in de gepresenteerde klachten en de complexiteit rondom de 
gewenste behandeling. Samen met mijn (co) promotoren begon ik BIID te onderzoeken.

Omdat BIID erg zeldzaam was en patiënten niet gemakkelijk met medische professionals 
in aanraking kwamen, probeerden we patiënten via het internet bij onze studies te betrekken. 
Het internet was een gemakkelijke manier om patiënten anoniem van over de gehele wereld 
te includeren. Alhoewel op BIID-fora mensen met verschillende “vormen” lid waren, zoals de 
wens tot verlamming, doofheid of amputatie, was in de literatuur alleen de ‘amputatie-variant’  
beschreven. We besloten om iedereen die een zogenoemde ‘mis-match’  tussen hun mentale 
lichaamsbeeld en fysiek lichaam ervoer te includeren in onze studie. 54 BIID patiënten vulden een 
vragenlijst in via het internet. We vonden geen somatische kenmerken die deze patiënten gemeen 
hadden. Wel viel op dat BIID klachten vaak tijdens kindertijd ontstonden, de meeste patiënten 
man waren en dat de reden om iets aan hun lichaam te veranderen was “om mijzelf compleet te 
voelen”. De BIID patiënten hadden geen andere psychiatrische of somatische co-morbiditeit. Wel 
hadden sommigen depressieve klachten, vaak ten gevolge van het rondlopen met hun geheim. 
Slechts de helft durfde zijn klachten met zijn naasten te delen. We vonden geen klinische en 
epidemiologische verschillen tussen patiënten die een wens hadden tot verlamming of een wens 
tot amputatie hadden. Verder viel op dat zeven van de 54 patiënten hun been al zelf hadden 
geamputeerd. Al deze zeven patiënten rapporteerden een hogere kwaliteit van leven dan de 
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om dit werk verder te doen door zijn General Medical Council en niemand heeft het tot nu toe 
aangedurfd zijn werk verder op te pakken. 

DEEL 4: DISCUSSIE
In dit laatste deel zoomde ik verder in op BIID, omdat deze stoornis momenteel de meeste aandacht 
nodig heeft. Ik verdiepte me in de vraag: “Wat is BIID?”. Tot voorkort was er weinig bekend over 
BIID. Het was zelfs geen officiële aandoening in ICD-10 of DSM-5. Sommige mensen met BIID zijn 
er voorstander van om BIID buiten het medische circuit te houden. Zij zien BIID meer als een 
variant op normaliteit dan als een daadwerkelijke stoornis. Het is in die optiek de vraag of deze 
“way of living” gemedicaliseerd moet worden. In de discussie beargumenteerde ik dat juist in het 
belang van de patiënten BIID een stoornis genoemd en als zodanig geclassificeerd dient te worden. 
Zonder een dergelijke classificatie is het onmogelijk BIID te onderzoeken en te behandelen. 

Het lijden van deze patiënten komt voort uit een gevoel van “in het verkeerde lichaam te 
zitten”. Of in andere woorden, zij zijn zich continue bewust dat hun mentale lichaamsbeeld niet in 
overeenstemming is met hun daadwerkelijke lichaam. Het is de vraag of BIID patiënten zo zouden 
moeten lijden als de modificatie van het lichaam bij BIID patiënten, na zorgvuldige overwegingen, 
een standaard procedure zou zijn. Tot nu toe houdt men echter het lichaam graag intact en 
verwacht men van de geest om flexibel te zijn. Interveniëren in de geest lijkt maatschappelijk meer 
acceptabel dan een geplande amputatie. Deze maatschappelijke opinie verhoogt de schaamte en 
het lijden van deze patiënten. 

BIID zou passend geclassificeerd kunnen worden naast gender dysforie in de DSM-5, omdat 
BIID veel gelijkenissen met gender dysforie vertoont. Beide condities komen vaker bij mannen 
voor, ontstaan tijdens kindertijd of vroege adolescentie en de prevalentie van homoseksualiteit is 
hoger. Tevens zien beide groepen hun verlangen als deel van hun identiteit en is er soms sprake 
van co-morbide seksuele opwinding gerelateerd aan hun verlangen. Hoewel er waarschijnlijk een 
neurobiologische achtergrond is voor de stoornis, is er geen sprake van primaire sensorische en/of 
motorische uitval hetgeen een neurologische classificatie minder waarschijnlijk maakt. Evenmin is 
een seksuologische classificatie aangewezen, omdat slechts een deel van de patiënten co-morbide 
seksuele opwinding gerelateerd aan hun BIID rapporteerde en deze opwinding vrijwel altijd 
secundair is aan het gevoel van verkeerde belichaming.

In de literatuur bestaat er geen eenduidig verklaringsmodel van BIID. Door de jaren heen zijn 
er verschillende etiologische hypothesen geweest. Deze varieerden van een psychodynamische 
erotische uitleg tot verklaringen waarin het brein centraal stond en BIID een stoornis van de 
parietaalkwab werd genoemd. Mijn inziens is er in BIID primair sprake van een congenitale stoornis 
waarin de integratie van poly-sensorische informatie (visueel, tactiel, proprioceptief) is verstoord 
en waarin de premotor cortex een belangrijke rol speelt. Ik veronderstel dat het levenslange 
gevoel van splijting tussen het mentale en fysieke lichaam in BIID zo is vastgegroeid, dat het één 
is geworden met de identiteit van een BIID patiënt. Zoals mensen met aangeboren doofheid 
dit als onderdeel zien van hun identiteit in tegenstelling tot mensen met verworven doofheid. 
Bovendien ervaren sommige BIID patiënten co-morbide gevoelens van seksuele opwinding. Dit 
zou bijvoorbeeld kunnen door de misattributie van fysieke opwinding wanneer iemand wordt 
gezien met een fysiek lichaam dat overeenkomt met het gewenste lichaam van de patiënt. Daarbij 
komt dat seksualiteit en identiteit onlosmakelijk met elkaar verbonden zijn. Hierdoor kan deze 
seksuele interesse het gevoel van deze identiteitsontwikkeling versterken.

Ik eindigde de discussie in mijn dissertatie met klinische- en onderzoeksvoorstellen voor de 
toekomst. Naast het classificeren van BIID dient er een nieuwe naam te komen, die aansluit bij de 

ervaren van het lichaam als lichaamseigen. We concludeerden dat zowel de premotor cortex als 
het cerebellum een belangrijke rol speelden in BIID pathologie. 

Terwijl wij onze focus richtten op de neurobiologische achtergrond van BIID, ontdekten we 
dat we een belangrijk fenomeen in BIID negeerden: de seksuele component. Dit was opmerkelijk, 
omdat de eerste professional die een BIID patiënt beschreef in de literatuur  een hoogleraar in de 
seksuologie was. Hij noemde de stoornis apotemnophilia en schreef: “The apotemnophilic induces 
his symptoms (self-amputation) himself for the sake of being an amputee and for the sake of 
erotic arousal, and usually does not repeat self-injury”. Vanuit psychodynamisch oogpunt werd de 
amputatiestomp vergeleken met een grote fallus. Later kwam men erachter dat niet de seksuele 
opwinding, maar het “goed voelen in je eigen lichaam” de belangrijkste reden was voor het willen 
veranderen van het lichaam. Deze uitspraak leek sterk op die van transgenders, en daarom werd de 
stoornis Body Integrity Identity Disorder genoemd, afgeleid van Gender Identity Disorder (huidige 
naam: gender dysforie). Hoewel deze seksuele opwinding dus niet voorop stond in BIID, merkten 
we in de klinische praktijk dit het wel degelijk een rol speelde. In een groot vragenlijstonderzoek 
van 80 BIID patiënten werd dit bevestigd (hoofdstuk X). Zeventig procent van de patiënten raakte 
seksueel opgewonden van het idee geamputeerd te zijn of raakte opgewonden van het zien van 
anderen met een amputatie of verlamming. Een kleinere groep BIID patiënten ervoer geen enkele 
BIID-gerelateerde seksuele opwinding. Deze laatste groep bestond uit relatief meer vrouwen en 
relatief meer personen met een heteroseksuele identiteit. Verder rapporteerde deze groep een 
stabieler beloop van hun aandoening, zoals minder fluctuaties in hun BIID gevoelens. Ook had 
deze groep louter één motivatie voor amputatie, te weten het herstellen van hun identiteit, in 
plaats van ook een seksuele motivatie, of om aandacht te krijgen. Opvallend was dat niemand 
in deze groep zichzelf had geamputeerd. Dit was in tegenstelling tot de groep die wel BIID-
gerelateerde seksuele opwinding rapporteerde waarin zeven van de 57 dit wel succesvol hadden 
gedaan. Op basis van deze seksuele co-morbiditeit bleek BIID een heterogener ziektebeeld te zijn 
dan we initieel hadden gedacht. 

Toen we begonnen aan ons BIID onderzoek leek de optie van electieve chirurgische amputatie 
onbespreekbaar. Onze patiënten gaven echter aan dat psychotherapie noch psychofarmaca hen 
veranderd hadden. Aanvankelijk leek het amputeren van een gezond been sterk te conflicteren 
met mijn ethische verantwoordelijkheid als arts. Geleidelijk, door de jaren heen, leek het voor mij 
echter steeds meer een realistische optie te worden. Zou het kunnen zijn dat ik me sterk verbonden 
voelde met de BIID patiënten met wie ik sprak? Was het misschien hun vastberadenheid die me 
raakte? Of was het misschien de opluchting en het geluk van de paar patiënten die hun eigen 
benen hadden geamputeerd? Op een bepaalde manier voelde het idee van amputatie goed. Aan 
de andere kant vloog de angst me naar de keel: dat iets goed voelde, wilde niet zeggen dat het 
goed was. Wat als het toch primair een seksuele aandoening was? Zou ik er dan anders over 
denken? Of wat als ziektewinst een grotere rol speelde dan ik dacht? We organiseerden een 
ontmoeting met een ethicus, de medische directie, een jurist en een chirurg om ons dilemma te 
bespreken. We publiceerden deze discussie in het Nederlands Tijdschrift voor Geneeskunde en de 
samenvatting hiervan is beschreven in hoofdstuk XII. We opperden argumenten voor amputatie 
naar analogie met gender dysforie, waarin ook het lichaam aan het brein wordt aangepast en niet 
andersom. Ook maakten we de vergelijking met euthanasie. Als het beëindigen van het leven van 
een fysiek gezonde doch ernstig depressieve patiënt was toegestaan, waarom mocht een gedeelte 
van het lichaam dan niet worden verwijderd bij een BIID patiënt? Behalve een Schotse chirurg die 
twee BIID patiënten amputeerde, die beiden zeer tevreden waren met hun nieuwe lichaam en 
leven, waren er geen officiële BIID operaties gerapporteerd. De Schotse chirurg werd verboden 
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kern van de stoornis, die geen (voor)oordeel bevat en die zou moeten worden gebruikt door alle 
onderzoekers alsmede door de patiënten zelf, bijvoorbeeld “Body Dysphoria”. Dit is van essentieel 
belang, omdat BIID de afgelopen tijd bijna meer namen heeft gekend dan er patiënten zijn 
beschreven. Verder moet onderzoek zich richten op het prospectief volgen van zowel kinderen als 
(jong)volwassenen met BIID, zodat de seksualiteits- en identiteitsontwikkeling nauwkeurig gevolgd 
kunnen worden. Verder dienen nieuwe (neurobiologische) studies bij voorkeur alle soorten 
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