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Abstract 

Neurofibromatosis type 1 (NF1) is a genetic condition characterized by numerous somatic 

manifestations. The psychosocial burden in adults has rarely been studied. We examined the 

prevalence of self-reported impairment of quality of life (QoL), symptoms of anxiety and 

depression and need for support, associated with disease severity and visibility. We conducted a 

nationwide cross-sectional study of all 467 adults with NF1 diagnosed between 1977 and 2016 at 
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one of the two national centres for rare diseases in Denmark. A total of 244 (56% response rate) 

completed a questionnaire that included standard measures of QoL, symptoms of depression and 

anxiety, indicators of disease-related severity, visibility, and need for professional support. 

Associations between disease severity and visibility and psychosocial burden were analysed in 

descriptive and multivariate models. We observed impaired QoL (mean=81.3; 95% CI, 76.2;86.4); 

19% reported symptoms of depression (mean=5.7; SD=5.4), and 15% reported anxiety (mean=5.1; 

SD=5.2) at a clinical level. Adults with NF1 also reported requiring professional support for 

physical, psychological and work-related problems. Disease severity and (partly) visibility were 

significantly (P<0.0001) associated with psychosocial well-being and a requirement for support. 

This study provides new understanding of the factors associated with impaired QoL, indicating that 

follow-up care should be optimized into adult life.  

This article is protected by copyright. All rights reserved.
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Introduction 

Neurofibromatosis type 1 (NF1 [MIM:162200]) is one of the most common autosomal dominant 

Mendelian disorders, affecting one in 2500–3000 individuals worldwide (Williams et al., 2009). It 

is a progressive disease with a variety of clinical manifestations and reduced life expectancy 

(Duong et al., 2011; Evans et al., 2011; Rasmussen, Yang, & Friedman, 2001). As cutaneous 

neurofibromas are the most profound disease manifestation, NF1 may affect many organs, and 

cognitive impairment is common (Descheemaeker, Plasschaert, Frijns, & Legius, 2013; Hyman, 

Shores, & North, 2005; Ozonoff, 1999; Pride, Crawford, Payne, & North, 2013; Zöller, Rembeck, 

& Bäckman, 1997). We reported previously that adults with NF1 are at increased risk for 

hospitalization for somatic diseases and have poorer educational achievement than NF1-free 

persons (Doser et al., 2019; Kenborg et al., 2020). NF1 cannot be cured, and treatment is only 

symptomatic, including surgery and pain relief. The visibility of the disease, e.g. severely 

disfiguring neurofibromas, may impair body image and result in bodily insecurity and less self-

confidence (Granström et al., 2012). The combination of an unforeseeable disease trajectory and 

the expression of complex symptoms may be highly burdensome resulting in emotional strain, 

potentially causing symptoms of depression and anxiety (Ferner et al., 2017). The psychological 

burden and the clinical characteristics of psychologically vulnerable subgroups have, however, 

been only rarely described. 

 

The quality of life (QoL) of people with NF1 has been reported to be strikingly lowered in all main 

QoL domains (general health, social functioning, bodily pain and mental health) with the greatest 
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impact in the emotional domains such as worry about disease progression (Cohen, Levy, Sloan, 

Dariotis, & Biesecker, 2015; Kodra et al., 2008; Page et al., 2006; Wolkenstein et al., 2009). Both 

disease severity (N=50) (Ferner et al., 2017; Wolkenstein, Zeller, Revuz, Ecosse, & Leplege, 2001) 

and appearance (N=176) have been suggested to be associated with QoL in adults with NF1 (Page 

et al., 2006), thus representing chracteristics of vulnerable sub-groups. Symptoms of depression 

and anxiety have also been reported in adults with NF1. Up to 43% of males and 61% of females 

(55% of the study population) were found to have symptoms of depression (score ≥ 16 of the Center 

for Epidemiologic Studies Depression) (N=498) (Cohen et al., 2015), whereas only 1–6 % was 

shown to have elevated symptoms of anxiety (Belzeaux & Lancon, 2006; Kayl & Moore, 2000; 

Page et al., 2006). 

The impact of visibility on symptoms of depression and anxiety in adults with NF1 has not been 

studied. In a recent qualitative study (N=40), Heaney et al. found that the burden of having 

plexiform neurofibromas was related to a requirement for supportive care in the domains of 

appearance, relationships, independence, role fulfillment and pleasure (Heaney et al., 2019); 

however, the need for other support remains unexplored, and little is known about the co-

occurrence of the various somatic and psychological symptoms. As NF1 is often diagnosed in 

childhood, the focus has been on providing treatment and supportive care in clinics for rare 

paediatric diseases, and little is known about the clinical characteristics of adults with NF1 who 

are at risk for a high psychosocial burden and reduced QoL. Such information is essential for 

planning clinical follow-up and supportive care for adults with NF1. 
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To address some of the methodological limitations of the previously published studies, we 

conducted a nationwide study of adults with NF1 in a population-based setting to determine the 

prevalence of impaired health-related QoL, symptoms of depression and anxiety and the need for 

support and potential associations between disease-related severity and visibility and the 

psychosocial burden of these patients. We hypothesized that they have poorer QoL and more 

symptoms of depression and anxiety and require professional support. Further, we expected that 

severity and visibility are associated with decreased QoL, more depression and anxiety symptoms 

and need for support. 

Materials and methods 

Procedure 

We conducted a nationwide, cross-sectional questionnaire study among 467 adults aged ≥ 18 years 

with NF1 diagnosed at one of the only two National Centers of Rare Diseases located at 

Copenhagen University Hospital, Rigshospitalet, and at Aarhus University Hospital between 1977 

and 2016 (Figure 1). After exclusions because of death, a protected address and other reasons, 437 

adults were invited to participate, which implied providing informed consent and completing a self-

report paper-based questionnaire distributed by mail.  

 

The study protocol was approved by the Danish Data Protection Agency (Record 2014–41–2935) 

and the Human Research Protection Office (HRPO) (A-18370.i) (June 2015/2016).  
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Measures 

Self-reported information was obtained on demographics (age, gender: female; male), highest 

attained education (grouped into the following categories, with the corresponding International 

Standard Classification of Education (ISCED-2011) codes: short (ISCED codes 1–2, ≤ 9 years), 

medium (ISCED 3–4, 10–12 years), and long (ISCED 5–8, > 12 years)), employment status 

(employed, unemployed, social transfer payments), living status (alone, with a spouse, with a 

parent, in a shared home, in an institution) and partner status (having partner, yes/no) and need for 

support. Standardized measures were used to assess QoL, anxiety and depression. Disease-related 

severity and visibility were assessed from modified self-report versions of conventional scales. 

Modified Ablon scale: We developed a self-report version of the Ablon scale (Ablon, 1996) to 

evaluate the visibility of the disease. The self-reported ratings are based on six items (yes; no) on 

the appearance of the fully dressed person and how easily physical symptoms could be perceived 

in impersonal interactions such as café-au lait spots, tumors on neck or face or noticeable limp. 

Based on the combination of item response, visibility was grouped as grade 1 (mild), grade 2 

(moderate) or grade 3 (severe).  

Modified Riccardi scale: The original Riccardi scale (Riccardi, 1981) for assessing disease severity 

consists of short descriptions of symptoms at each of four levels of severity. We developed a self-

report version with 13 items (yes; no) covering the related symptoms and their expression to 

classify the severity such as cutaneous and plexiform neurofibromas, malignant tumors, or the 

This article is protected by copyright. All rights reserved.
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effect of current treatment. Severity was grouped as mild (levels 1+2), moderate (level 3) or severe 

(level 4). 

Pediatric Quality of Life Inventory (PedsQL®): We used the Pediatric Quality of Life Inventory 

(Peds QL™) developed specifically for adults with NF1. It contains 23 items (5-point Likert scale) 

for assessing the following dimensions: physical functioning, emotional functioning, social 

functioning, cognitive functioning, communication, worry, perceived physical appearance, pain 

and hurt, paraesthesia (sensory disturbance), skin irritation, sensation, movement and balance, 

daily activities, fatigue, anxiety about treatment and sexual functioning (Nutakki, Hingtgen, 

Monahan, Varni, & Swigonski, 2013). Standard forward–backward translation was used for 

translation from English to Danish (Beaton, Bombardier, Guillemin, & Ferraz, 1998). The items 

are reverse-scored and linearly transformed to 0-100 scale with a higher score indicating better 

quality of life (Varni & Limbers, 2009). 

Patient Health Questionnaire depression scale (PHQ-9): We used the standardized, validated 

Patient Health Questionnaire depression scale (PHQ-9) to assess symptoms of depression by 

applying the nine criteria for the DSM-IV depression diagnosis (Kroenke, Spitzer, & Williams, 

2001) in 9 items (level of interest in doing things, feeling down or depressed, difficulty in sleeping, 

low energy level, poor eating habits, poor self-perception, poor ability to concentrate, low speed of 

functioning and thoughts of suicide) on a four-point Likert scale (ranging from “not at all” to 

“nearly every day”). The sum scores range from 0 to 27, with a score of 0-4 representing  none–

minimal, 5-9 mild, 10-14 moderate, 15-19 moderate-severe, and 20-27 severe depression symptom 
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levels (Kroenke & Spitzer, 2002). The clinical  cut-off score on the PHQ-9 is 10 (Kroenke & 

Spitzer, 2002; Kroenke et al., 2001). 

Generalized Anxiety Disorder 7-item scale (GAD-7): We used the seven-item Generalized Anxiety 

Disorder (GAD-7) scale to measure the level of symptoms of anxiety (Spitzer, Kroenke, Williams, 

& Lowe, 2006), describing the predominant features of DSM-IV diagnostic criteria A, B and C for 

generalized anxiety disorder (American Psychiatric Association, 2000), in seven core symptoms 

(feeling nervous, not controlling worrying, worrying too much, trouble in relaxing, being restless, 

being irritable, feeling afraid), on a four-point Likert scale (ranging from “not at all” to “nearly 

every day”) (Löwe et al., 2008). The sum scores range from 0 to 21, where scores of 0-4 

representing minimal, 5-9 mild, 10-14 moderate, and 15-21 severe anxiety symptom levels (Spitzer 

et al., 2006). The GAD-7 has been standardized and validated (Löwe et al., 2008). The clinical cut-

off score is a score of 10 (Jordan, Shedden-Mora, & Löwe, 2017).  

Need for support: We developed six items to examine the need for and reception of support in 

relevant domains (physical-, psychological -, sexual-, family-related-, work-related- and economic 

problems). Each item was rated based on a scale ranging from “never”, “to a low extent”, “to some 

extent”, and “to a high extent”. Items were formulated as follows “ I have needed so far support 

for…” as well as “I have had my need for support met…”. 
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Statistical analyses 

Descriptive statistics were used to summarize demographic and disease-related information, and 

mean values for severity and visibility were compared in one-way ANOVAs. Statistical models 

were used to investigate associations between severity and visibility of the disease on QoL, 

depression and anxiety, with age and gender included as covariates, as they were considered to be 

potential confounders. 

We used normal linear models to examine associations between disease severity and visibility and 

total QoL as well as 11 subscales of QoL (physical functioning, emotional functioning, social 

functioning, cognitive functioning, communication, worry, perceived physical appearance, pain 

and hurt, skin irritation, sensation and tiredness). Logistic regression models were used to examine 

associations between severity and visibility for the binary transformed sub-scales sensory 

disturbances, movement and balance, daily activities and anxiety about treatment (because of an 

overall median of 100) and sexual function (because of a high proportion of missing responses). 

As a high proportion of participants reported no symptoms of depression or anxiety, a zero-inflated 

model with negative binomial distribution was used to examine associations between disease 

severity and visibility and symptoms of depression and anxiety. 

We used logistic regression models to examine associations between disease severity and visibility 

and the separate domains of need for support and received support. Chi-square tests were used to 

test the effects of disease severity and visibility on the six domains of need for support. All analyses 
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were conducted with R for statistical computing (R core team, 2013). Estimates are presented with 

95% confidence intervals.  

 

Results 

Of the 437 adults with NF1 invited to participate, 56% participated. Of these 244 (Figure 1), 62% 

were female, and the mean age was 40.2 years (SD, 14.7 years; range, 18–76 years) (Table 1). 

Those proportions are similar to those in the total cohort (N=437), in which 58% were female and 

the mean age was 37.2 years (SD 14.6). Severe disease status was reported by 40% of participants, 

moderate by 25% and mild or minimal severity by 35%. The majority of the adults with NF1 (63%) 

reported severe, 22% moderate and 15% mild disease visibility. 

 

Health-related quality of life  

We observed impaired QoL (total mean score, 81.3; 95% CI, 76.2;86.4), and more severe and more 

visible disease were associated with lower overall QoL (P < 0.0001) (Table 2). Severity was 

significantly associated with all the QoL subscales, whereas visibility was significantly associated 

only with the subscales of physical functioning, emotional functioning, cognitive functioning, pain, 

paraesthesia, skin irritation, sensation, fatigue and sexual functioning (Figure 2). 
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Symptoms of depression and anxiety  

We observed a relatively high prevalence of persons with depression symptoms (26% mild, 12% 

moderate and 7% severe; clinical depression 19%; mean score, 5.7, SD = 5.4) and anxiety (25% 

mild, 8% moderate and 7% severe; clinical anxiety, 15%; mean score, 5.1, SD = 5.2). A significant 

association was seen between disease severity and visibility and increasing symptoms of 

depression (< 0.0001, 0.0024) and anxiety (< 0.0001, 0.0174) (Table 3). Persons with very high 

disease severity reported more symptoms of depression (2.12, CI, 1.62;2.78) than those with less 

severe disease. People with more visible disease had 31% (1.31, CI 0.92, 1.84) more symptoms of 

depression than people with mild visibility. Persons with very high disease severity reported 

significantly elevated symptoms of anxiety, with an increase of 55% (1.55, CI; 1.14;2.09) over that 

for mild disease severity (Table 3). Visibility was not significantly associated with symptoms of 

anxiety. Persons with very high disease severity reported more symptoms of depression (112%; 

2.12, CI, 1.62;2.78) than those with less severe disease. People with more visible disease had 31% 

(1.31, CI 0.92, 1.84) more symptoms of depression than people with mild visibility. 

 

Need for support and support received 

Up to 20% of adults with NF1 stated that they needed support and had received support in some 

domains. Most support was received for physical, psychological and work-related problems and 

least for sexual problems (Figure 3). Overall, severity and visibility were significantly associated 
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with the need for support (P < 0.0001, 0.0002–0.0244) (Figure 4). Higher disease severity was 

associated with increased odds of need for support in all six QoL domains and in received support 

in three domains (physical-, work-related-, and economic problems). Similarly, higher disease 

visibility was associated with increased odds for needing as well as receiving support in the 

domains of physical, familial and work-related problems (Figure 4). 

Discussion 

In this nationwide and population-based study examining the association between the 

characteristics of adult NF1 and QoL, symptoms of depression and anxiety and need for support, 

we found that adults with NF1 have a lower health-related QoL, especially in the domains of 

fatigue, worry, pain, appearance and cognitive functioning, and that 20% have moderate to severe 

symptoms of depression, while 15% report moderate to severe symptoms of anxiety. These levels 

are higher than those reported in other patient groups even with life-threatening disease such as 

cancer patients (Mitchell, Ferguson, Gill, Paul, & Symonds, 2013). Furthermore, a strong 

association was found between disease severity (and to some extent visibility) and psychosocial 

and psychological symptoms and need for support.  

 

Associations between disease severity and visibility and quality of life 

The aspects of QoL that were most affected were cognitive functioning, worry, perceived 

appearance, pain and fatigue. Adults with high disease severity in particular may have lowered 
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13 
 

QoL in all subscales. Our findings are in line with those of Page et al. (2006), who found that QoL 

was affected particularly in people who reported severe complications. We measured disease 

severity, using principles of the Riccardi scale, reflecting the presence of cutaneous neurofibromas 

and plexifom neurofibromas and also scoliosis, which may entail severe pain potentially affecting 

daily life and QoL. Although QoL dimensions such as fatigue are not expected to be directly related 

to the physical symptoms of NF1, they may potentially be mediated through a higher degree of 

symptomatic treatments and potentially cognitive impairment, which may require more effort to 

perform everyday life tasks. In order to more comprehensively capture the impact of NF1 on 

everyday life functioning, it may be relevant in the future,  to include emotional well-being and 

cognitive functioning in the rating of severity.  

We measured disease visibility based on principles from the Ablon scale, which includes the 

presence of both cutaneous and sub-cutaneouse neurofibromas and other visible and physically 

impairing conditions, such as scoliosis and optic glioma. Disease visibility may also affect physical 

performance, such as in physically demanding jobs, sports and domestic chores.  

Barke et al. found that many young people with NF1 were happy and felt positive about social 

interactions and their appearance (Barke, Coad, & Harcourt, 2016). We found that adults with high 

disease visibility experienced lower QoL, especially in domains related to physical performance 

(physical functioning, sensation, fatigue, sensory disturbance, movement and balance and sexual 

functioning) and emotional functioning. Our results are consistent with those of previous studies 

that showed that disease visibility was not associated with general health-related QoL (N=176) 
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(Page et al., 2006) but with skin disease-specific QoL (N=128, N=176) (Page et al., 2006; 

 Wolkenstein et al., 2001). We found an association of borderline significance between 

disease visibility and perceived appearance (p=0.053). Adults with visible neurofibromas or other 

cardinal symptoms such as freckling or café-au-lait spots may feel less attractive, less self-

confident and less secure. Disease visibility was not significantly associated with communication, 

social functioning or daily life functioning, indicating that some adults with NF1 are able to 

establish a social life with family and friends in which disease visibility plays only a small part. It 

is somewhat surprising that disease visibility was not significantly associated with QoL dimensions 

related to worry and treatment anxiety, but this may be because NF1 is a chronic condition with 

rare acute, life-threatening phases, and adults may adapt over time to regular treatment and disease 

progression.  

 

Associations between severity and visibility and anxiety and depression  

We found a prevalence of 19% of adults with NF1 reporting symptoms of depression at a clinical 

level. Previous studies showed only that 33% of adults with NF1 had unspecified psychiatric 

morbidity (N=128) (Wolkenstein, Zeller, Revuz, Ecosse, & Leplège, 2003). Also, in our register-

based study on educational attainment, we showed that 6% had been hospitalized with depression 

which requires severe symptoms of depression often including suicidal ideation (Doser et al., 

2019). The prevalence of clinical depression that we observe is elevated compared to in the general 

Danish population where it is reported to be 3% (Ellervik, Kvetny, Christensen, Vestergaard, & 
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Bech, 2014). The levels of depression and anxiety are similar or even higher in persons with NF1 

than the reported levels in cancer patients (12% and 18%, respectively) (Mitchell et al., 2013), 

indicating consequently that the psychological impact of NF1 is similar to or even greater than in 

a life-threatening disease like cancer. The high prevalence of self-reported depression in adults 

with NF1 may be due to social withdrawal and isolation or unfullfilled wishes for e.g. a romantic 

relationship, having children or career plans. We found a significant association between disease 

severity and symptoms of depression, which could indicate that the physical symptom burden leads 

to psychological distress or that NF1 disease and depressive symptoms share some 

pathophysiology.  

In our study, 15% of adults with NF1 reported symptoms of clinical anxiety, which is higher than 

the prevalence found in previous studies (1–6%) (Belzeaux & Lancon, 2006; Doser et al., 2019; 

Wang et al., 2012) which only included anxiety disorders diagnosed by clinicians or hospitalization 

for generalized anxiety disorder. The rates of generalized anxiety disorder in the general population 

are 4–6% for men and 4–7% for women (Munk-Jørgensen et al., 2014). 

Our findings of significant associations between disease severity and visibility and anxiety are in 

line with those of Wolkenstein et al., who also found a significant association between the visibility 

of the disease and psychiatric disorders (Wolkenstein et al., 2003). In contrast, Wang et al. found 

no significant association between disease severity and emotional functioning (Wang et al., 2012). 

As for depressive symptoms, there is no comprehensive explanation for the prevalence of anxiety 

symptoms in people with NF1. Adults with NF1 may experience psychological distress due to the 

This article is protected by copyright. All rights reserved.



16 
 

risks for current and unpredictable future medical problems and the possibility of having affected 

children, and these experiences may decrease emotional functioning (Wang et al., 2012). 

Furthermore, cognitive impairment could also have ramifications, such as less participation in 

education, work and social life, also contributing to reduced QoL and psychological well-being 

(Page et al., 2006), and further studies should be done on the association between disease severity 

and visibility and cognitive functioning and the factors that predict effective coping and 

functionality in daily life.  

 

Associations between severity and visibility on need for and received support 

Only one qualitative study of 30 adults with NF1 addressed the association between disease 

characteristics and the need for and received support (Rietman et al., 2018). Their findings 

suggested worries and needs for support in medical-, mental health-, and socioeconomic domains 

(including finances, relationships and family planning) in young and adult persons with NF1 

(Rietman et al., 2018). In our study, up to 20% of adults with NF1 reported a need for support, and 

adults with severe disease in particular experienced needs for physical, work-related and economic 

support. Disease visibility was significantly associated with the need only for selected support for 

physical, psychological and work-related problems. This indicates that appearance may play an 

especially important role in work environments.  

Strengths and limitations 
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One strength of our study is its population-based, nationwide design, in which all adults with NF1 

diagnosed at one of two centres for rare diseases in Denmark were invited, resulting in a large 

sample and a broad age range (18–76 years), so that the results are generalizable to adults with NF1 

in Denmark and other western countries. Owing to the use of a questionnaire to collect data and 

the response rate of 56%, we cannot exclude selection bias if the most resourceful adults with NF1 

have participated leading to an overall underestimation of the symptom burden. Use of 

standardized, validated measures, including PHQ-9 and GAD-7, provided cut-off scores, which 

were essential for interpreting our results, as we were unable to include a control group. The self-

developed scales for severity, visibility and need for support are commonly used as proxy-versions, 

but as they remain to be content and construct validated in the NF1 population, they should be 

interpreted with care.  

 

Conclusions  

We found that a large proportion of adults with NF1 experience lowered QoL and psychological 

symptoms. Up to 20% have symptoms of clinical depression, and up to 15% have symptoms of 

clinical anxeity. Especially patients with high disease severity may be particularly vulnerable to 

lowered QoL and symptoms of depression or anxiety and may have a greater need for support. 

While the mean levels of symptoms of depression and anxiety and QoL were only slightly elevated, 

a large proportion of people had clinical levels. Although NF1 is considered to be completely 

penetrant by the age of 20 years, its expression is highly variable, even among family members 
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with the same mutation (Boyd, Korf & Theos, 2009), and it is impossible to predict which 

symptoms will develop in an affected individual (Friedman & Birch, 1997). As our results suggest 

that QoL, the burden of psychological symptoms and the need for support are related to disease 

severity and to some degree visibility, screening for these characteristics might be used to identify 

the most vulnerable population. Our results may add to the development of international guidelines 

for the follow-up care of adults with NF1, including systematic evaluation of psychological 

symptoms and, if depression or anxiety is diagnosed, appropriate referral to e.g. psychotherapy or 

psychiatric evaluation for pharmacological treatment.  

 

Acknowledgements  

We acknowledge all the participants and institutions that participated in the study. This work was 

supported by the US Army Medical Research and Materiel Command through the 

Neurofibromatosis Research Program under Award No. W81XWH-14-1-0054. The opinions, 

interpretations, conclusions and recommendations are those of the authors and are not necessarily 

endorsed by the US Army.  

 

Data availability statement  

This article is protected by copyright. All rights reserved.



19 
 

The study group welcomes collaboration with other researchers using our data. Study protocols 

can be planned in collaboration with us, and the study material can be analyzed accordingly at the 

Danish Cancer Society Research Center in Copenhagen, Denmark. 

The data that support the findings of this study are available on request from the corresponding 

author. The data are not publicly available due to privacy or ethical restrictions. 

 

Author contribution statement 

Karoline Doser: Conceptualization, Methodology, Investigation, Resources, Writing - Original 

draft preparation, Project administration. Elisabeth Wreford Andersen: Methodology, Software, 

Formal analysis, Writing – Review and editing, Visualization. Line Kenborg: Project 

administration, Writing – Review and editing. Susanne O Dalton: Writing – Review and editing, 

Supervison. Jens Richardt Møllegaard Jepsen: Conceptualization, Writing – Review and editing. 

Anja Krøyer: Data Curation, Resources, Writing – Review and editing. John Østergaard: 

Investigation, Resources, Writing – Review and editing. Hanne Hove: Investigation, Resources, 

Writing – Review and editing. Sven Asger Sørensen: Writing – Review and editing. Christoffer 

Johansen: Writing – Review and editing, Supervison. John Mullvihil: Writing – Review and 

editing. Jeanette Falck Winther: Conceptualization, Methodology, Writing – Review and editing, 

Supervision, Project administration, Funding acquisition. Pernille Envold Bidstrup: 

This article is protected by copyright. All rights reserved.



20 
 

Conceptualization, Methodology, Writing – Review and editing, Supervision, Project 

administration. 

 

This article is protected by copyright. All rights reserved.



21 
 

Ablon, J. (1996). Gender response to neurofibromatosis. Social Science and Medicine, 42(1), 99–109. 
Doi:10.1016/0277-9536(95)00076-3 

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th ed., t). 
Washington, DC: American Psychiatric Association. 

Barke, J., Coad, J., & Harcourt, D. (2016). The Role of Appearance in Adolescents’ Experiences of 
Neurofibromatosis Type 1: A Survey of Young People and Parents. Journal of Genetic Counseling, 25(5), 
1054–1062. Doi:10.1007/s10897-016-9944-y 

Beaton, D., Bombardier, C., Guillemin, F., & Ferraz, M. B. (1998). Recommendations for the Cross-Cultural 
Adaptation of Health Status Measures. Retrieved from 
http://med.umn.edu/ortho/prod/groups/med/@pub/@med/@ortho/documents/asset/med_asset_360072.pdf 

Belzeaux, R., & Lancon, C. (2006). Neurofibromatosis type 1: psychiatric disorders and quality of life impairment. 
Presse medicale (Paris, France : 1983), 35(2 Pt 2), 277–280. Doi: 10.1016/s0755-4982(06)74570-5 

Cohen, J. S. S., Levy, H. P. P., Sloan, J., Dariotis, J., & Biesecker, B. B. B. (2015). Depression among adults with 
neurofibromatosis type 1: prevalence and impact on quality of life. Clinical Genetics, 88(5), 425–430. Doi: 
10.1111/cge.12551 

Descheemaeker, M., Plasschaert, E., Frijns, J., & Legius, E. (2013). Neuropsychological profile in adults with 
neurofibromatosis type 1 compared to a control group. Journal of Intellectual Disability Research, 57(9), 874–
886. Doi:10.1111/j.1365-2788.2012.01648.x 

Doser, K., Kenborg, L., Andersen, E. W., Bidstrup, P. E., Krøyer, A., Hove, H., … Dalton, S. O. (2019). Educational 
delay and attainment in persons with neurofibromatosis 1 in Denmark. European Journal of Human Genetics, 
27, 857–868. Doi:10.1038/s41431-019-0359-8 

Duong, T. A., Sbidian, E., Valeyrie-Allanore, L., Vialette, C., Ferkal, S., Hadj-Rabia, S., … Wolkenstein, P. (2011). 
Mortality associated with neurofibromatosis 1: a cohort study of 1895 patients in 1980-2006 in France. 
Orphanet Journal of Rare Diseases, 6(1), 18. Doi:10.1186/1750-1172-6-18 

Ellervik, C., Kvetny, J., Christensen, K. S., Vestergaard, M., & Bech, P. (2014). Prevalence of depression, quality of 
life and antidepressant treatment in the Danish General Suburban Population Study. Nordic Journal of 
Psychiatry, 68(7), 507–512. Doi:10.3109/08039488.2013.877074 

Evans, D. G. R., O’Hara, C., Wilding, A., Ingham, S. L., Howard, E., Dawson, J., … Huson, S. M. (2011). Mortality 
in neurofibromatosis 1: in North West England: an assessment of actuarial survival in a region of the UK since 
1989. European Journal of Human Genetics, 19(11), 1187–1191. Doi: 10.1038/ejhg.2011.113 

Ferner, R. E., Thomas, M., Mercer, G., Williams, V., Leschziner, G. D., Afridi, S. K., & Golding, J. F. (2017). 
Evaluation of quality of life in adults with neurofibromatosis 1 (NF1) using the  Impact of NF1 on Quality Of 
Life (INF1-QOL) questionnaire. Health and Quality of Life Outcomes, 15(1), 34. Doi:10.1186/s12955-017-
0607-y 

Friedman, J. M., & Birch, P. H. (1997). Type 1 Neurofibromatosis : A Descriptive Analysis of the Disorder in 1 , 728 
Patients. American Journal of Medical Genetics, 143(2), 138–143. Doi:10.1002/(SICI)1096-
8628(19970516)70 

Granstrom, S., Langenbruch, A., Augustin, M., Mautner, V.-F., Granström, S., Langenbruch, A., … Mautner, V.-F. 
(2012). Psychological burden in adult neurofibromatosis type 1 patients: impact of disease visibility on body 
image. Dermatology (Basel, Switzerland), 224(2), 160–167. Doi:10.1159/000337548 

Heaney, A., Wilburn, J., Langmead, S., Blakeley, J., Huson, S., Jim, C., & McKenna, S. P. (2019). A qualitative 
study of the impact of plexiform neurofibromas on need fulfilment in adults with neurofibromatosis type 1. 
SAGE Open Medicine, 7, 205031211982968. Doi:10.1177/2050312119829680 

Hyman, S. L., Shores, A., & North, K. N. (2005). The nature and frequency of cognitive deficits in children with 
neurofibromatosis type 1. NEUROLOGY, 65, 1037–1044. Doi: 10.1212/01.wnl.0000179303.72345.ce 

Jordan, P., Shedden-Mora, M. C., & Löwe, B. (2017). Psychometric analysis of the Generalized Anxiety Disorder 
scale ( GAD-7 ) in primary care using modern item response theory. PLoS ONE, 12(8), 1–14. Doi: 
10.1371/journal.pone.0182162 

Boyd,K., Korf,B.,  Theos, A. (2009). Neurofibromatosis type 1. J Am Acad Dermatol., 61(1), 1–16. Doi: 

This article is protected by copyright. All rights reserved.

https://doi.org/10.1016/s0755-4982(06)74570-5
https://doi.org/10.1212/01.wnl.0000179303.72345.ce


22 
 

10.1016/j.jaad.2008.12.051.Neurofibromatosis 
Kayl, A. E., & Moore, B. D. (2000). Behavioral Phenotype of Neurofibromatosis,Type 1. Mental Retardation and 

Developmental Disabilities Research Reviews, 6, 117–124. Doi: 10.1002/1098-2779(2000)6:2<117::AID-
MRDD5>3.0.CO;2-X 

Kenborg, L., Duun-Henriksen, A. K., Dalton, S. O., Bidstrup, P. E., Doser, K., Rugbjerg, K., … Winther, J. F. 
(2020). Multisystem burden of neurofibromatosis 1 in Denmark: registry- and population-based rates of 
hospitalizations over the life span. Genet Med (2020). https://doi.org/10.1038/s41436-020-0769-6 

Kodra, Y., Giustini, S., Divona, L., Porciello, R., Calvieri, S., Wolkenstein, P., & Taruscio, D. (2008). Health-
Related Quality of Life in Patients with Neurofibromatosis Type 1. Dermatology, 218(3), 215–220. 
Doi:10.1159/000187594 

Kroenke, K., & Spitzer, R. L. (2002). The PHQ-9: A New Depression Diagnostic and Severity Measure. Psychiatric 
Annals, 32(9), 509–515. Doi: 10.3928/0048-5713-20020901-06 

Kroenke, K., Spitzer, R., & Williams, J. (2001). The PHQ-9: Validity of a brief depression severity measure. Journal 
of General Internal Medicine, 16(9), 606–613. Doi: 10.1046/j.1525-1497.2001.016009606.x 

Löwe, B., Decker, O., Müller, S., Brähler, E., Schellberg, D., Herzog, W., & Herzberg, P. Y. (2008). Validation and 
standardization of the Generalized Anxiety Disorder Screener (GAD-7) in the general population. Medical 
Care, 46(3), 266–274. Doi:10.1097/MLR.0b013e318160d093 

Mitchell, A. J., Ferguson, D. W., Gill, J., Paul, J., & Symonds, P. (2013). Depression and anxiety in long-term cancer 
survivors compared with spouses and healthy controls: A systematic review and meta-analysis. The Lancet 
Oncology, 14(8), 721–732. Doi: 10.1016/S1470-2045(13)70244-4 

Munk-Jørgensen, P., Allgulander, C., Dahl, A. A., Foldager, L., Holm, M., Rasmussen, I., … Wittchen, H.-U. 
(2014). Prevalence of Generalized Anxiety Disorder in General Practice in Denmark, Finland, Norway, and 
Sweden. Psychiatric Services, 57(12), 1738–1744. Doi: 10.1176/ps.2006.57.12.1738 

Nutakki, K., Hingtgen, C. M., Monahan, P., Varni, J. W., & Swigonski, N. L. (2013). Development of the adult 
PedsQLTM neurofibromatosis type 1 module: initial feasibility, reliability and validity. Health and Quality of 
Life Outcomes, 11(1), 21. Doi: 10.1186/1477-7525-11-21 

Ozonoff, S. (1999). Cognitive impairment in neurofibromatosis type 1. American Journal of Medical Genetics, 
89(1), 45–52. Doi:10.1002/1096-8628(19990326)89:1 

Page, P. Z., Page, G. P., Ecosse, E., Korf, B. R., Leplege, A., & Wolkenstein, P. (2006). Impact of neurofibromatosis 
1 on Quality of Life: a cross-sectional study of 176  American cases. American Journal of Medical Genetics. 
Part A, 140(18), 1893–1898. Doi: 10.1002/ajmg.a.31422 

Pride, N. A., Crawford, H., Payne, J. M., & North, K. N. (2013). Social functioning in adults with neurofibromatosis 
type 1. Research in Developmental Disabilities, 34(10), 3393–3399. Doi: 10.1016/j.ridd.2013.07.011 

R core team. (2013). R: A language and environment for statistical computing. R Foundation for Statistical 
Computing. Vienna, Austria: R Foundation for Statistical Computing. Retrieved from http://www.r-
project.org/ 

Rasmussen, S. a, Yang, Q., & Friedman, J. M. (2001). Mortality in neurofibromatosis 1: an analysis using U.S. death 
certificates. American Journal of Human Genetics, 68, 1110–1118. Doi:10.1086/320121 

Riccardi, V. M. (1981). Von Recklinghausen neurofibromatosis. N.Engl.J.Med, 305(27), 1617–1627. Doi: 
10.1056/NEJM198112313052704 

Rietman, A. B., van Helden, H., Both, P. H., Taal, W., Legerstee, J. S., van Staa, A. L., … van Eeghen, A. M. 
(2018). Worries and needs of adults and parents of adults with neurofibromatosis type 1. American Journal of 
Medical Genetics, Part A, 176(5), 1150–1160. Doi: 10.1002/ajmg.a.38680 

Spitzer, R., Kroenke, K., Williams, J., & Lowe B. (2006). A brief measure for assessing generalized anxiety disorder. 
Arch Inern Med, 166, 1092–1097. Doi: 10.1001/archinte.166.10.1092 

Varni, J. W., & Limbers, C. a. (2009). The PedsQL 4.0 Generic Core Scales Young Adult Version: feasibility, 
reliability and validity in a university student population. Journal of Health Psychology, 14(4), 611–622. Doi: 
10.1177/1359105309103580 

Wang, D. L., Smith, K. B., Esparza, S., Leigh, F. A., Muzikansky, A., Park, E. R., & Plotkin, S. R. (2012). 

This article is protected by copyright. All rights reserved.

https://doi.org/10.1038/s41436-020-0769-6
https://doi/
https://doi/
https://doi/
https://doi/


23 
 

Emotional functioning of patients with neurofibromatosis tumor suppressor syndrome. Genet Med., 14(12), 
977–982. Doi: 10.1038/gim.2012.85 

Williams, V. C., Lucas, J., Babcock, M. a, Gutmann, D. H., Korf, B., & Maria, B. L. (2009). Neurofibromatosis type 
1 revisited. Pediatrics, 123(1), 124–133. Doi:10.1542/peds.2007-3204 

Wolkenstein, P., Rodriguez, D., Ferkal, S., Gravier, H., Buret, V., Algans, N., … Bastuji-Garin, S. (2009). Impact of 
neurofibromatosis 1 upon quality of life in childhood: A cross-sectional study of 79 cases. British Journal of 
Dermatology, 160(4), 844–848. Doi:10.1111/j.1365-2133.2008.08949.x 

Wolkenstein, P., Zeller, J., Revuz, J., Ecosse, E., & Leplege, A. (2001). Quality-of-Life Impairment in 
Neurofibromatosis Type 1 A Cross-sectional Study of 128 Cases. Archives of Dermatology, 137(11), 1421–
1425. Doi: 10.1001/archderm.137.11.1421 

Wolkenstein, P., Zeller, J., Revuz, J., Ecosse, E., & Leplège, A. (2003). Visibility of Neurofibromatosis 1 and 
Psychiatric Morbidity. Arch Dermatol, 139(1), 103–104. Doi:10.1001/archderm.139.1.103 

Zöller, M. E., Rembeck, B., & Bäckman, L. (1997). Neuropsychological deficits in adults with neurofibromatosis 
type 1. Acta Neurol Scand, 95(4), 225–232. Doi:10.1111/j.1600-0404.1997.tb00103.x 

This article is protected by copyright. All rights reserved.

https://doi/


24 
 

Figure Title and legends 
Figure Title 1: Cohort description  

Figure Legend 1: Flow chart of inclusion of adults with neurofibromatosis type 1 (NF1) in the study.  

 

Figure Title 2: Association between severity and visibility and quality of life 

Figure Legend 2: Estimates from a normal linear model and odds ratios from a logistic regression model with 95% 

confidence intervals (CI) for the effect of severity and visibility on the subscales of quality of life, adjusted for age 

and gender in 244 adults with NF1 

 

Figure Title 3: Need for support 

Figure Legend 3: Percentages of 244 adults with neurofibromatosis 1 who reported needing support and receiving 

support  

 

Figure Title 4: Association between severity and visibility and need for support  

Figure Legend 4: Results of a logistic regression model for the effect of visibility and severity on the odds for no 

need for support or receiving support, adjusted for age and gender in 244 adults with NF1 
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Table 1: Characteristics of 244 adult participants with neurofibromatosis type 1  

Characteristic  N (%)  
Population response rate, N (%) 244 (56%) 
Age, mean (SD) (years) 18-30  78 (32.0) 
 31-40  56 (23.0) 
 41-50  48 (19.7) 
 51-60  33 (13.5) 
 > 60  29 (11.8) 
Sex, N (%) Male  93 (38.1) 
 Female 151 (61.9) 
Severity  Mild  86 (35.3) 
 Moderate 61 (25.0) 
 Severe 97 (39.7) 
Visibility Mild  34 (14.8) 
 Moderate 54 (22.1) 
 Severe 154 (63.1) 
Hıghest attained education ‡ Short  43 (17.5) 
 Medium  84 (34.4) 
 Long  84 (34.4) 
 Missing information 33 (12.7) 
Employment status  Employed 100 (41.0) 
 Unemployed 37 (15.2) 
 Social transfer payments † 76 (31.1) 
 Missing information 31 (12.7) 
Accommodation Alone 88 (36.0) 
 With spouse 117 (48.0) 
 With parent 22 (9.0) 
 Shared home 8 (3.3) 
 In an institution 2 (0.8) 
 Missing information 7 (2.9) 
Have a partner Yes 133 (54.5) 
 No 107 (43.9) 
 Missing information 4 (1.6) 

SD: standard deviation 
† Employed people with wage subsidies, disablement rehabilitation, sick leave or early pension 
‡ Education grouped into the following categories, with the corresponding International Standard Classification of Education 
(ISCED-2011) codes: short (ISCED codes 1–2, ≤ 9 years), medium (ISCED 3–4, 10– 12 years), and long (ISCED 5–8, > 12 
years 
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Table 2: Means and standard deviations for quality of life and symptoms of depression and anxiety according to disease severity and visibility in 244 adults with 
neurofibromatosis type 1.  
Quality of life  
Mean (SD) 

 Total 
sample 
N=244 

Severity  
level  
mild 
N= 86 

Severity 
level 
moderate 
N=61 

Severity 
level severe 
N=97 

P Visibility 
level mild 
N=36 

Visibility 
level 
moderate  
N=54 

Visibility 
level severe 
N=154 

P 

Physical functioning 71.2 (26.7) 86.2 (16.6) 78.8 (20.5) 53.1 (27.1) < 0.0001 85.5 (20.0) 76.3 (22.3) 66.1 (28.1) 0.0001 
Emotional functioning 69.0 (22.5) 78.4 (19.8) 67.7 (20.0) 61.8 (23.5) < 0.0001 73.5 (22.4) 75.0 (18.8) 66.2 (23.2) 0.0209 
Social functioning 68.5 (27.5) 78.3 (24.9) 72.4 (25.7) 56.9 (26.9) < 0.0001 75.0 (27.4) 72.8 (25.9) 65.5 (27.8) 0.0754 
Cognitive functioning 60.9 (24.7) 70.2 (21.8) 59.6 (23.4) 53.6 (25.3) < 0.0001 67.5 (25.0) 66.1 (22.5) 57.6 (24.8) 0.0201 
Communication 70.0 (29.6) 78.5 (27.0) 71.2 (25.3) 61.6 (32.2) < 0.0001 76.2 (28.6) 73.6 (27.1) 67.3 (30.5) 0.1609 
Worries 63.2 (25.7) 70.0 (23.8) 70.0 (20.5) 52.9 (26.9) < 0.0001 71.2 (24.2) 63.8 (25.0) 61.1 (26.0) 0.1021 
Perceived physical appearance 63.8 (32.4) 71.0 (29.1) 67.5 (31.6) 55.0 (33.8) < 0.0001 73.6 (29.9) 63.2 (32.8) 61.7 (32.6) 0.1381 
Pain 66.0 (31.3) 83.1 (20.1) 70.4 (25.8) 47.4 (32.9) < 0.0001 79.8 (23.1) 69.8 (32.6) 61.4 (31.5) 0.0035 
Sensory disturbance 79.8 (25.6) 93.0 (13.2) 77.3 (23.6) 69.7 (29.9) < 0.0001 87.9 (22.1) 82.2 (25.7) 77.2 (26.0) 0.0583 
Skin irritation 77.3 (19.6) 84.9 (14.9) 78.1 (18.3) 70.1 (21.5) < 0.0001 89.4 (11.0) 75.6 (19.0) 75.1 (20.5) 0.0003 
Senses 77.6 (23.0) 87.6 (15.7) 77.8 (18.8) 68.4 (27.0) < 0.0001 85.9 (17.4) 83.1 (19.8) 73.8 (24.3) 0.0022 
Movement and balance 85.3 (21.5) 95.6 (10.9) 91.0 (11.6) 72.5 (26.5) < 0.0001 94.8 (10.2) 88.4 (19.9) 82.0 (23.1) 0.0024 
Daily activities 95.2 (9.6) 98.9 (3.3) 96.9 (6.0) 90.9 (12.9) < 0.0001 96.2 (4.0) 96.3 (6.4) 94.2 (11.1) 0.2619 
Tiredness 52.7 (27.0) 64.6 (25.9) 56.3 (22.9) 39.7 (24.9) < 0.0001 62.9 (28.8) 60.1 (25.0) 47.9 (26.3) 0.0008 
Worries about treatment 89.3 (19.0) 93.0 (15.4) 90.7 (16.8) 85.0 (22.3) 0.0134 91.2 (17.8) 93.5 (13.1) 87.4 (20.8) 0.1039 
Sexual functioning 82.7 (24.3) 90.8 (15.4) 88.5 (14.9) 69.6 (31.4) < 0.0001 92.9 (15.3) 87.3 (18.8) 79.0 (26.7) 0.0024 

Symptoms of 
depression  

 5.7 (5.4) 4.1 (4.5) 4.8 (4.1) 7.7 (6.2) < 0.0001 5.1 (6.5) 3.6 (3.1) 6.5 (5.6) 0.0024 

Symptoms of  
anxiety  

 5.1 (5.2) 3.7 (4.6) 4.6 (3.9) 6.7 (5.9) < 0.0001 4.6 (5.1) 3.2 (3.4) 5.9 (5.5) 0.0174 

SD: standard deviation; P for comparisions according to severity and visibility levels.  
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Table 3: Associations between severity and visibility and symptoms of depression and anxiety in 244 adults with neurofibromatosis type 1 adjusted for age and 
gender 

Depression  Estimate [95% CI]; P P for overall effect  Estimate [95% CI]; P P for overall effect 
 Mild severity  1  < 0.0001 Mild visibility  1  0.0024 
 Moderate severity  1.19 [0.88,1.62]; 0.260  Moderate visibility  0.76 [0.50,1.14]; 0.187  
 Severe severity  2.12 [1.62, 2.78];< 0.0001  Severe visibility  1.31 [0.92,1.84]; 0.129  
Anxiety Mild severity  1 < 0.0001 Mild visibility  1 0.0174 
 Moderate severity  1.02 [0.73, 1.42]; 0.926  Moderate visibility  0.71 [0.45,1.12]; 0.139  
 Severe severity  1.55 [1.14, 2.09]; 0.0046  Sever visibility  1.23 [0.85,1.78]; 0.274  

CI: Confidence interval 
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