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Abstract
Background: Neurofibromatosis type 1 (NF1), the most common genodermatosis, predisposes affected patients to 
melanocytic lesions and benign tumors. NF1 is associated with a considerable esthetic and functional burden that 
may negatively affect patients’ quality of life (QoL). 
Aim: This study aims to assess the clinical features of NF1 patients and evaluate their impact on QoL.
Methods: NF1 patients were identified from a public health database of a region in Spain. All patients underwent 
clinical and ophthalmological evaluation for NF1 features. QoL was measured with the Spanish version of the Skin-
dex-29 questionnaire. Logistic regression was performed to identify possible determinants of quality of life. 
Results: 40 patients fulfilling NF1 NIH diagnostic criteria were recruited (age 40.95 years ± 16.1 SD). The mean total 
Skindex-29 score was 14 ± 11 (emotions: 20 ± 18, symptoms 10 ± 11, functioning 9 ± 10). Women and NF1 patients 
with lower educational levels were associated with poorer quality of life scores. Itching, headaches, and sleep trou-
bles were identified to negatively influence the quality of life of NF1 patients.
Conclusion: NF1 considerably influences the psychological well-being of NF1 patients. Some of those symptoms 
might be amenable to a therapeutic approach, potentially improving NF1 patients’ quality of life if seeked.
Keywords: Quality of life; Skindex-29; Neurofibromatosis 1; NF1

INTRODUCTION
Neurofibromatosis type 1 (NF1; OMIM# 162200) is one of the 
most common autosomal dominant disorders with a preva-
lence of one in 2500 to 3000 individuals. It is characterized by 
the presence of café au lait spots, axillary freckling, Lisch nod-
ules, dermal and/or plexiform neuro-fibromas, skeletal dyspla-
sia, and optic gliomas [1]. As NF1 is a tumor suppressor gene, 
99% of NF1 patients develop benign tumors such as cutaneous 
neurofibromas, starting from puberty and increasing in size 
and number with age, pregnancy, or stress [2-4] or plexiform 
neurofibromas which are congenital tumors that can bulk at 
any time during life [1]. NF1 patients are also at risk to develop 
malignancies such as neuro-fibrosarcomas, pheochromocyto-

mas, or breast cancer. With complete penetrance and high vari-
ability, the progression of the disease is unpredictable [5,6]. In 
addition to the disease burden, NF1 patients may suffer from 
stigmatization due to the nature and visibility of the skin le-
sions, which might influence their physical, emotional, and so-
cial well-being. Studying the effects of NF1 on various aspects 
of QoL seems important to implement beneficial strategies to 
improve the QoL of NF1 patients.

The purpose of this study was to assess the quality of life of 
a phenotypically described cohort of NF1 patients living in a 
semi-rural region in the north of Spain by using the Skindex 29, 
a skin disease-specific quality of life questionnaire (QoL) [7,8] 
that have been used worldwide. 
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METHODS
Study Population
NF1 patients were identified by using the database of the Public 
Health Primary Care system and the database from the Leon 
University Hospital (Spain) by looking for the following items 
“Neurofibromatosis”, “Neurofibromatosis type 1”, “dermal neu-
ro-fibroma”, “plexiform neuro-fibroma” and “neuro-fibrosarco-
ma”. We identified 106 patients fulfilling one of the mentioned 
criteria. Patients with a diagnosis of neurofibromatosis type 
2, carrying solitary tumors, or living outside the Leon public 
health area were excluded. 16 patients were already deceased. 
Patients were contacted by post and telephone. We were not 
able to be in contact with 18 patients and 14 patients refused to 
participate (Figure 1).

Figure 1: Flow diagram for patient recruitment.

We identified 45 patients with a diagnosis of NF1; four of them 
were children and were excluded from this study. 41 patients 
were enrolled in the study. NF1-expert clinicians and ophthal-
mologists examined all patients. A patient who did not fulfil the 
NF1 diagnosis criteria was excluded. Genetic analysis was avail-
able for 8 patients.

The Institutional Review Board and the Ethics Committee of 
Leon University Hospital approved the study protocol (approval 
number 1060).

Severity and Visibility Evaluation
The disease severity was assessed using the Riccardi scale [9] 
which has 4 degrees of severity with Grade 1, being the mildest 
form and Grade 4 being the more severe. In Grade 1, the pa-
tients have some of the diagnostic features of NF1 without any 
compromise of health and well-being. In Grade 2, the patients 
have some features that make disease evident without having 
an impact on their health and well-being. In grade 3, patients 
have features that can affect their well-being without significant 
compromise of health, and in grade 4, patients have a seriously 
compromised health and well-being in a permanent, unman-
ageable way.

The disease visibility was evaluated in fully dressed patients by 
using the Ablond scale [10] which has 3 degrees of severity. In 

grade 1, the disease is not visible with clothes. In grade 2, the 
patient presents some visible neurofibromas on the undressed 
body areas such as the face, neck, and hands or mild scoliosis. 
In grade 3, the disease is evident as the patient presents nu-
merous visible tumors, disfiguring tumors, and severe compli-
cations such as severe scoliosis or cecity due to optic glioma.

Quality of Life Measurement Tool
The Spanish version of Skindex-29 [11], which was fulfilled by 
the patient during clinical evaluation, was used to measure the 
quality of life of NF1 patients. The Skindex-29 has 29 items dis-
tributed in 3 domains which represents three specific aspects 
of skin disease: physical symptoms (items 1, 7, 10, 16, 18, 23 
and 26), functioning (items 2, 4, 5, 8, 11, 14, 17, 19, 21, 24, 28 
and 29) and emotions (items 3, 6, 9, 12, 13, 15, 20, 22, 25 and 
27). Each item is rated on a 5-point Likert scale (never, rarely, 
sometimes, often, all the time). Scale scores were calculated by 
averaging the responses to items of a given domain. A higher 
score indicated a greater effect of the disease.

Data Analysis
Descriptive statistics analysis was used for clinical features of 
the NF1 patient cohort. We used mean and standard deviation 
in quantitative variables as well as percentages in qualitative 
variables. T-tests and analysis of variance were used to compare 
scale scores in different clinical groups. Pearson correlation was 
used to compare scales. Logistic regression was performed to 
determine the factors associated with QoL. STATA 16 software 
was used for statistical analysis [12].

RESULTS
Sample Characteristics
40 patients were clinically evaluated and 38 performed an oph-
thalmological evaluation. The main clinical features and socio-
demographic characteristics of the NF1 patients included in this 
cohort are summarized in Table 1. Detailed clinical character-
istics are available in Supplementary Table S1. The mean age 
of NF1 patients was 40.95 (16.1 SD). 21 patients were women 
(52.5%). From the cutaneous point of view, the mean features 
were the presence of café-au-lait macules (97.5%), axillary or 
inguinal freckling (95%), cutaneous neurofibromas (80%), plexi-
form neurofibromas (43%) and hypopigmented (naevus ane-
micus) (8%). Thus, 37.5% of patients complained of pruritus.

Table 1: Sociodemographic and clinical features of the NF1.

N n %

Sex

Females 40 21 52.5

Males 40 19 47.5

Age (years)

<35 40 17 42.5

35-54 40 14 35

>=55 40 9 22.5

Level of Education
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Undergraduate 33 14 42.4

Vocational education 33 13 39.4

University degree 33 6 18.2

Clinical Characteristics

Six or more café au lait macules 40 39 97.5

Axillary and/or inguinal freckling 40 38 95

Two or more neurofibromas 40 32 80

Plexiform neurofibroma 40 17 42.5

Two or more Lisch nodules 37 29 78.4

Optic pathway glioma 40 4 10

Osseous lesions 40 20 50

Family history 40 20 50

Neurocognitive features 40 18 45

Central Nervous System 40 14 35

Short stature (<P3) 40 14 35

Macrocephaly (>P97) 40 5 12.5

Emphysema 40 1 2.5

Pruritus 40 15 37.5

Hypomelanic macules 40 3 7.5

Dizziness 40 12 30

Sleeping troubles 40 10 25

Headaches 40 9 22.5

Myomas 21 4 19

Malignancies 40 4 10

Disease Severity/Disease Visibility
Results of skindex disease, Ablond Index, and Riccardi sever-
ity scores are resumed in Table 2. Most patients had mild or 
minimal severity status (52.5%) and moderate disease visibility 
(42.5%).

Skindex
The mean skindex score was of 19.1 ± 16.2 SD (women 22.7 ± 
13.5 DS; men 15.1 ± 18.2 SD; p=0.144). Emotions items (10.0 
± 8.7 SD) scored higher than symptoms (3.5 ± 3.8 SD) or func-
tioning (5.7 ± 6.7 SD). Figure 2A shows the results stratified by 
sex and domain (emotions, physical symptoms, and function-
ing). We observed a strong association between the emotion 
and functioning scores (p<0.001) and a weaker association 
between the physical symptoms and the functioning scores 
(p=0.010). The 5 items with a higher score were “I worry that 
my skin condition might get worse” (84 points, emotion), “My 
skin made me feel depressed” (44 points, emotion), “My skin 
affects my social life” (43 points, functioning), “I am ashamed of 
my skin condition” (42 points, emotions) and “My skin itches” 
(40 points, symptoms) (Table 2).
Table 2: Skindex-29 results in NF1 patients stratified by age group, dis-

ease visibility (Ablond’s score) and disease severity (Riccardi’s score).

N n %
Emotions 

Mean 
(SD)

Physical 
Symptoms  
Mean (SD)

Function-
ing  Mean 

(SD)

Sex

Females 40 21 52.5 12.2 ± 8.3 3.7 ± 3.5 6.7 ± 5.9

Males 40 19 47.5 7.4 ± 8.7 3.2 ± 4.2 4.5 ± 7.5

p valuea 0.082 0.709 0.32

Age (years)

<35 40 17 42.5 9.9 ± 7.6 2.2 ± 2.3 5.4 ± 6.7

35-54 40 14 35 10.8 ± 
10.9 5.5 ± 4.5 6.4 ± 8.2

>=55 40 9 22.5 8.8 ± 7.6 2.7 ± 3.0 5.0 ± 4.2

p valuea 0.871 0.036 0.883

Ablond’s score

Grade 1 40 12 30 9.2 ± 7.6 2 ± 3.0 3.9 ± 4.5

Grade 2 40 17 42.5 10.6 ± 9.1 4.2 ± 4.2 6.7 ± 8.4

Grade 3 40 11 27.5 9.7 ± 10.0 3.8 ± 3.7 5.9 ± 5.9

p valueb 0.904 0.279 0.551

Riccardi’s score

Grade 1 40 5 12.5 5.2 ± 4.2 2.6 ± 1.7 2.0 ± 3.4

Grade 2 40 16 40 8.8 ± 7.5 3.4 ± 4.5 3.9 ± 4.5

Grade 3 40 15 37.5 12.5 ± 
10.5 3.9 ± 4.0 8.9 ± 8.6

Grade 4 40 4 10 11.0 ± 9.2 3.0 ± 2.2 5.3 ± 5.7

p valueb 0.381 0.927 0.105

aContrast data by T-Student. bContrast data by ANOVA.

Women showed higher scores on emotions items than men 
(12.2 ± 8.3 vs. 7.4 ± 8.7; p=0.082). However, Skindex scores on 
symptoms and functioning were similar for both sexes. Aging 
was not correlated with increased scores on emotions, func-
tioning, or physical symptoms. However, the physical dimension 
was significantly impacted in NF1 patients between 35 and 54 
years (p=0.036) (Figure 2B). NF1 patients with higher visibility 
and severity scores did not show any statistical difference in 
Skindex scores.

Figure 2A: Mean Skindex-29 scores by sex and domains.
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Figure 2B: Mean Skindex-29 scores by age groups and domains.

Logistic regression identified higher scores on emotion domain 
of skindex-29 in patients with lower educational levels (p=0.051) 
and higher head circumference (p=0.016) which was also asso-
ciated with higher scores on the functioning domain (p=0.032). 
Patients with pruritus and sleep troubles have a significant im-
pact on symptoms domain (p=0.001 and 0.036, respectively). 
The sleep troubles seem to affect functioning (p=0.052) and it is 
associated with headaches (p=0.01).

DISCUSSION
Improving the quality of life of our patients is an important ob-
jective for all physicians and health workers. This is even more 
important in patients with rare disorders as they must frequent-
ly deal with ignorance and incomprehension.

To date, only a few studies have assessed the quality of life in 
NF1 patients [13-19]. Compared to prior studies, our patients 
reported a lower impact of NF1 on their quality of life as their 
scores were lower than in prior reports [13,17]. This could re-
flect differences in enrollment, population, disease staging, de-
mographic differences, the health care system, and study de-
sign. All NF1 patients included in this study were identified from 
a primary care unit or reference hospital in a semi-urban area 
where patients are followed mainly by general practitioners 
and dermatologists and may therefore be more representative 
of the general population than patients followed in a Neurofi-
bromatosis clinic. Furthermore, Spain has a public health Sys-
tem, which might contribute to facilitating access to medical 
care and lessening the financial burden of the disease and the 
impact on disease perception. Expert physicians and not the pa-
tient himself (as in previous studies) assessed Ablon’s visibility 
and Riccardi’s severity scores; patients could be biased by their 
own disease perception. The patient fulfilled the skindex-29 at 
the same time point. The main limitation of this study is the 
small number of NF1 patients enrolled which limited the statis-
tical power of some findings.

Skindex-29 revealed that NF1 women and patients with low-
er educational levels suffer more emotionally than other pa-
tients with the same condition do. We also observed a strong 
association between the emotions and functioning scores on 
skindex-29, which might indicate that these two domains are 
functionally related. Therefore, clinicians should be more atten-

tive to the emotional status of NF1 patients and be more prone 
to use depression-screening questionnaires such as the PHQ-9 
[20,21] or the generalized anxiety disorder-7 item scale (GAD 7) 
[21,22]. Depression, described in up to 55% of NF1 [23] patients, 
has been associated with pain intensity and pain interference 
[24]. Improving depression by mind-body based interventions 
[25] and/or pharmacological treatment [26] may reduce pain 
interference in the daily lives of patients. Surprisingly, logistic 
regression found an association between macrocephaly and 
higher emotion scores. Macrocephaly (without hydrocephaly), 
observed in 37,5% to 50% [27,28] of NF1 patients, has mostly 
been attributed to increased white matter volume by magnet-
ic resonance imaging [29,30] and was generally not related to 
cognitive outcomes [29]. However, larger left putamen and larg-
er total white matter volume were associated with more social 
problems and poorer executive functioning [31] which could, at 
least partially, explain our findings.

Not surprisingly, the frequency of the main clinical features of 
NF1 patients enrolled in this study was similar to previous liter-
ature reports [1,32,33]. However, it is interesting to note that 
about 1/3 of the patients were complaining of pruritus and ¼ 
of dizziness, headache, or sleeping troubles. Although those 
are not life-threatening features, they seem to have an impact 
on the QoL of NF1 patients. Prior studies described pruritus in 
about 20% to 35% of NF1 patients [19,20] and it was described 
as the more bothersome symptom of NF1 in 14% of patients [2]. 
Pruritus seems to have neuropathic features [34] and is main-
ly localized in one or 2 neurofibromas and could therefore be 
alleviated by topical treatment [22] or neurofibroma removal 
by surgery, carbon dioxide laser [35,36], or electro-desiccation 
[37].

Migrainous and non-migrainous headaches are frequent in NF1 
patients [38,39]. Migraine can be observed in 34 to 83% of pa-
tients with NF1, affecting significantly their quality of life [38,39]. 
Therefore, patients should receive specific anti-migraine treat-
ment. Sleep troubles such as parasomnias, difficulties initiation 
sleep, early morning awakenings, and excessive sleep/wake 
transition are also frequently described in NF1 patients [40]. A 
sleep study performed on 114 NF1 patients identified 69% as 
being “poor sleepers” and 20% with excessive day sleepiness 
[40]. As sleep disturbance is a very common migraine trigger, 
it might be responsible for some of the headaches described 
in our patients and may predispose them to depression. There-
fore, NF1 patients should benefit from the classical diagnostic 
and therapeutic strategies [41,42] (Figure 3).

Figure 3: Impact of neurofibromatosis 1 on Quality of life using the 
SKINDEX-29 Questionnaire.
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CONCLUSION
This study highlights the impact of NF1 on the quality of life in 
a cohort of patients coming from a public health primary care 
area. NF1 shows an important impact on the emotional status 
of NF1 patients, which would justify implementing self-esteem 
strategies to prevent mental health in at-risk individuals. Thus, 
we identified several symptoms such as itching, headaches, diz-
ziness and sleep troubles that negatively influence the QoL of 
NF1 patients. As those symptoms are not perceived as NF1-re-
lated, patients may not mention them. Therefore, clinicians 
should actively seek for those symptoms to treat them and im-
prove the QoL of their NF1 patients.

HOW THIS FITS IN WITH QUALITY IN 
PRIMARY CARE
What do we know? 
Neurofibromatosis type 1 is a rare disease with high visibility 
and variable severity which impact self-esteem and quality of 
life (QoL) and predisposes patients to pain, anxiety and depres-
sion. 

What does this paper add?
This study increases the knowledge concerning the factors af-
fecting QoL in NF1 patients. We observed that female patients, 
low-educated patients and macrocephalic patients scored high-
er on the emotional dimension of the skindex-29 and could 
therefore be more at risk of depression. We also pointed out 
some “minor symptoms” that negatively influence NF1 patients 
QoL such as itching, sleep troubles, dizziness or headache.

Clinicians in charge of NF1 patients should be aware of those 
symptoms to treat them and improve the QoL of their patients. 
Thus, self-esteem strategies should be implemented in the fol-
low-up guidelines of NF1-patients to prevent mental health in 
at-risk individuals.

ETHICS STATEMENT
The Ethical institutional review board Committee of the Com-
plejo Asistencial Universitario de León (approval number 1060) 
approved the study protocol. All study participants provided 
written consent.

CONSENT FOR PUBLICATION
All patients provided their written consent to participate in this 
publication.

AVAILABILITY OF DATA AND SUPPORT-
ING MATERIALS SECTION
The authors confirm that the data supporting the findings of 
this study are available upon request.

COMPETING INTERESTS
All authors state that they have no competing interests to de-
clare. None of the authors accepted any reimbursements, fees, 
or funds from any organization that may in any way gain or lose 
financially from the results of this study. 

FUNDING
This study was supported by a research grant from the Conser-
jería de Sanidad de la Junta de Castilla y León (GRS 571/A/10; 
2010-12).

AUTHOR’S CONTRIBUTION
IA conceived, planned, and conceptualized the study. IA, ACR, 
and CLF contributed to acquiring and interpreting clinical data. 
TFV, IA, ACR, and VM performed the statistical analysis. IA wrote 
the initial manuscript. All authors critically reviewed, edited the 
manuscript, and approved the final version as submitted. 

ACKNOWLEDGEMENT
We are grateful to the NF1 patients for their willing participa-
tion in this study and to Prof. Andrea Superti-Furga for his help 
in reviewing this manuscript.

COMPETING INTEREST 
The authors declare that they have no competing interests. 

REFERENCES
1.	 Huson SM, Harper PS, Compston DA (1988) Von Reckling-

hausen neurofibromatosis. A clinical and population study 
in south-east Wales. Brain 111(Pt 6): 1355-81. 

2.	 Guiraud M, Bouroubi A, Beauchamp R, Bocquet A, Gregoire 
JM, et al. (2019) Cutaneous neurofibromas: Patients’ medi-
cal burden, current management and therapeutic expecta-
tions: Results from an online European patient community 
survey. Orphanet J Rare Dis 14(1): 286. 

3.	 Cannon A, Chen MJ, Li P, Boyd KP, Theos A, et al. (2018) 
Cutaneous neurofibromas in Neurofibromatosis type I: 
A quantitative natural history study. Orphanet J Rare Dis 
13(1): 31. 

4.	 Verma SK, Riccardi VM, Plotkin SR, Weinberg H, Anderson 
RR, et al. (2018) Considerations for development of thera-
pies for cutaneous neurofibroma. Neurology 91(2 Suppl 1): 
S21-S30. 

5.	 Easton DF, Ponder MA, Huson SM, Ponder BA (1993) An 
analysis of variation in expression of neurofibromatosis 
(NF) type 1 (NF1): Evidence for modifying genes. Am J Hum 
Genet 53(2): 305-13. 

6.	 Szudek J, Birch P, Riccardi VM, Evans DG, Friedman JM 
(2000) Associations of clinical features in neurofibromato-
sis 1 (NF1). Genet Epidemiol 19(4): 429-39. 

7.	 Chren MM, Lasek RJ, Quinn LM, Mostow EN, Zyzanski SJ 
(1996) Skindex, a quality-of-life measure for patients with 
skin disease: Reliability, validity, and responsiveness. J In-
vest Dermatol 107(5): 707-13. 

8.	 Chren MM (2012) The Skindex instruments to measure 
the effects of skin disease on quality of life. Dermatol Clin 
30(2): 231-6. 

9.	 Riccardi VM, Kleiner B (1977) Neurofibromatosis: A neo-
plastic birth defect with two age peaks of severe problems. 
Birth Defects Orig Artic Ser 13(3C): 131-8. 

https://academic.oup.com/brain/article-abstract/111/6/1355/297063
https://academic.oup.com/brain/article-abstract/111/6/1355/297063
https://academic.oup.com/brain/article-abstract/111/6/1355/297063
https://link.springer.com/article/10.1186/s13023-019-1265-4
https://link.springer.com/article/10.1186/s13023-019-1265-4
https://link.springer.com/article/10.1186/s13023-019-1265-4
https://link.springer.com/article/10.1186/s13023-019-1265-4
https://ojrd.biomedcentral.com/articles/10.1186/s13023-018-0772-z
https://ojrd.biomedcentral.com/articles/10.1186/s13023-018-0772-z
https://n.neurology.org/content/91/2_Supplement_1/S21.abstract
https://n.neurology.org/content/91/2_Supplement_1/S21.abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1682337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1682337/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1682337/
https://onlinelibrary.wiley.com/doi/abs/10.1002/1098-2272(200012)19:4%3C429::AID-GEPI13%3E3.0.CO;2-N
https://onlinelibrary.wiley.com/doi/abs/10.1002/1098-2272(200012)19:4%3C429::AID-GEPI13%3E3.0.CO;2-N
https://www.sciencedirect.com/science/article/pii/S0022202X15427289
https://www.sciencedirect.com/science/article/pii/S0022202X15427289
https://www.derm.theclinics.com/article/S0733-8635(11)00198-7/abstract
https://www.derm.theclinics.com/article/S0733-8635(11)00198-7/abstract
https://europepmc.org/article/med/407957
https://europepmc.org/article/med/407957


Page 42
Isis A, et al.

Volume 31 • Issue 02 • 006

10.	 Ablon J (1996) Gender response to neurofibromatosis 1. 
Soc Sci Med 42(1): 99-109. 

11.	 Jones-Caballero M, Penas PF, Garcia-Diez A, Badia X, Chren 
MM (2000) The Spanish version of Skindex-29. Int J Derma-
tol 39(12): 907-12. 

12.	 StataCorp (2019) Stata statistical software: Release 16. Col-
lege Station TSL. 

13.	 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. Arch Dermatol 137(11): 
1421-5. 

14.	 Maguiness S, Berman Y, Rubin N, Dodds M, Plotkin SR, et al. 
(2021) measuring the effect of cutaneous neurofibromas 
on quality of life in neurofibromatosis type 1. Neurology 
97(7 Suppl 1): S25-S31. 

15.	 Crawford H, North K, Wilson MJ, Berman Y, McKelvey-Mar-
tin V, et al. (2022) Development and preliminary evalua-
tion of the Neurofibromatosis Type 1 Adult Quality of Life 
(NF1-AdQoL) questionnaire. Clin Exp Dermatol 47(2): 271-
81. 

16.	 Kodra Y, Giustini S, Divona L, Porciello R, Calvieri S, et al. 
(2009) Health-related quality of life in patients with neuro-
fibromatosis type 1. A survey of 129 Italian patients. Der-
matology 218(3): 215-20. 

17.	 Page PZ, Page GP, Ecosse E, Korf BR, Leplege A, et al. 
(2006) Impact of neurofibromatosis 1 on Quality of Life: 
A cross-sectional study of 176 American cases. Am J Med 
Genet A 140(18): 1893-8. 

18.	 Ferner RE, Thomas M, Mercer G, Williams V, Leschziner GD, 
et al. (2017) Evaluation of quality of life in adults with neu-
rofibromatosis 1 (NF1) using the Impact of NF1 on Quality 
Of Life (INF1-QOL) questionnaire. Health Qual Life Out-
comes 15(1): 34. 

19.	 Hamoy-Jimenez G, Kim R, Suppiah S, Zadeh G, Bril V, et al. 
(2020) Quality of life in patients with neurofibromatosis 
type 1 and 2 in Canada. Neurooncol Adv 2(Suppl 1): i141-i9. 

20.	 Kroenke K, Spitzer RL, Williams JB (2001) The PHQ-9: Validi-
ty of a brief depression severity measure. J Gen Intern Med 
16(9): 606-13. 

21.	 Buono FD, Sprong ME, Paul E, Martin S, Larkin K, et al. 
(2021) The mediating effects of quality of life, depression, 
and generalized anxiety on perceived barriers to employ-
ment success for people diagnosed with Neurofibromato-
sis Type 1. Orphanet J Rare Dis 16(1): 234. 

22.	 Spitzer RL, Kroenke K, Williams JB, Lowe B (2006) A brief 
measure for assessing generalized anxiety disorder: The 
GAD-7. Arch Intern Med 166(10): 1092-7. 

23.	 Cohen JS, Levy HP, Sloan J, Dariotis J, Biesecker BB (2015) 
Depression among adults with neurofibromatosis type 1: 
Prevalence and impact on quality of life. Clin Genet 88(5): 
425-30. 

24.	 Doorley JD, Greenberg J, Bakhshaie J, Fishbein NS, Vrancea-
nu AM (2021) Depression explains the association between 

pain intensity and pain interference among adults with 
neurofibromatosis. J Neurooncol 154(2): 257-63. 

25.	 Zale EL, Pierre-Louis C, Macklin EA, Riklin E, Vranceanu AM 
(2018) The impact of a mind-body program on multiple 
dimensions of resiliency among geographically diverse pa-
tients with neurofibromatosis. J Neurooncol 137(2): 321-9. 

26.	 Houpt AC, Schwartz SE, Coover RA (2021) Assessing Psychi-
atric Comorbidity and Pharmacologic Treatment Patterns 
Among Patients With Neurofibromatosis Type 1. Cureus 
13(12): e20244. 

27.	 Sanchez Marco SB, Lopez Pison J, Calvo Escribano C, Gon-
zalez Viejo I, Miramar Gallart MD, et al. (2022) Neurological 
manifestations of neurofibromatosis type 1: Our experi-
ence. Neurologia (Engl Ed) 37(5): 325-33. 

28.	 Van Es S, North KN, McHugh K, De Silva M (1996) MRI find-
ings in children with neurofibromatosis type 1: A prospec-
tive study. Pediatr Radiol 26(7): 478-87. 

29.	 Steen RG, Taylor JS, Langston JW, Glass JO, Brewer VR, et al. 
(2001) Prospective evaluation of the brain in asymptomat-
ic children with neurofibromatosis type 1: Relationship of 
macrocephaly to T1 relaxation changes and structural brain 
abnormalities. AJNR Am J Neuroradiol 22(5): 810-7. 

30.	 Greenwood RS, Tupler LA, Whitt JK, Buu A, Dombeck CB, 
Harp AG, et al. (2005) Brain morphometry, T2-weighted 
hyperintensities, and IQ in children with neurofibromatosis 
type 1. Arch Neurol 62(12): 1904-8. 

31.	 Huijbregts SC, Loitfelder M, Rombouts SA, Swaab H, Verbist 
BM, et al. (2015) Cerebral volumetric abnormalities in Neu-
rofibromatosis type 1: Associations with parent ratings of 
social and attention problems, executive dysfunction, and 
autistic mannerisms. J Neurodev Disord 7: 32. 

32.	 Riccardi VM (1992) Type 1 neurofibromatosis and the pedi-
atric patient. Curr Probl Pediatr 36(3): 197-203. 

33.	 McGaughran JM, Harris DI, Donnai D, Teare D, MacLeod R, 
et al. (1999). A clinical study of type 1 neurofibromatosis in 
north west England. J Med Genet 14(2-3): 167-77. 

34.	 Misery L, Brenaut E, Le Garrec R, Abasq C, Genestet S, et al. 
(2014) Neuropathic pruritus. Nat Rev Neurol 10(7): 408-16. 

35.	 Meni C, Sbidian E, Moreno JC, Lafaye S, Buffard V, et al. 
(2015) Treatment of neurofibromas with a carbon dioxide 
laser: A retrospective cross-sectional study of 106 patients. 
Dermatology. 

36.	 Peltonen S, Jannic A, Wolkenstein P (2022) Treatment of 
cutaneous neurofibromas with carbon dioxide laser: Tech-
nique and patient experience. Eur J Med Genet 65(1): 
104386. 

37.	 Lutterodt CG, Mohan A, Kirkpatrick N (2016) The use of 
electrodessication in the treatment of cutaneous neurofi-
bromatosis: A retrospective patient satisfaction outcome 
assessment. J Plast Reconstr Aesthet Surg. 220: 44-47. 

38.	 DiMario FJ, Langshur S (2000) Headaches in patients with 
neurofibromatosis-1. J Child Neurol 15(4): 235-8. 

39.	 Hannah K, Donia K, Savini H, Amer H (2020) The impact of 

https://www.sciencedirect.com/science/article/abs/pii/0277953695000763
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-4362.2000.00944.x
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj11_TArKv9AhVj7TgGHeeQAPYQFnoECEMQAQ&url=https%3A%2F%2Fwww.scirp.org%2F%2528S%2528lz5mqp453edsnp55rrgjct55%2529%2529%2Freference%2Freferencespapers.aspx%3Freferenceid%3D2757660&usg=AOvVaw1czfLiQwJ_Cuf38GN5gmX4
https://jamanetwork.com/journals/jamadermatology/article-abstract/478581
https://jamanetwork.com/journals/jamadermatology/article-abstract/478581
https://n.neurology.org/content/97/7_Supplement_1/S25.abstract
https://n.neurology.org/content/97/7_Supplement_1/S25.abstract
https://academic.oup.com/ced/article-abstract/47/2/271/6592144
https://academic.oup.com/ced/article-abstract/47/2/271/6592144
https://academic.oup.com/ced/article-abstract/47/2/271/6592144
https://www.karger.com/Article/Abstract/187594
https://www.karger.com/Article/Abstract/187594
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajmg.a.31422
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajmg.a.31422
https://hqlo.biomedcentral.com/articles/10.1186/s12955-017-0607-y
https://hqlo.biomedcentral.com/articles/10.1186/s12955-017-0607-y
https://hqlo.biomedcentral.com/articles/10.1186/s12955-017-0607-y
https://academic.oup.com/noa/article-abstract/2/Supplement_1/i141/5699829
https://academic.oup.com/noa/article-abstract/2/Supplement_1/i141/5699829
file:///D:\QC\23-02-2023\New%20folder%20(14)\rary.wiley.com\doi\abs\10.1046\J.1525-1497.2001.016009606.X
file:///D:\QC\23-02-2023\New%20folder%20(14)\rary.wiley.com\doi\abs\10.1046\J.1525-1497.2001.016009606.X
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01866-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01866-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01866-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01866-6
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/410326/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/410326/
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/410326/
https://onlinelibrary.wiley.com/doi/abs/10.1111/cge.12551
https://onlinelibrary.wiley.com/doi/abs/10.1111/cge.12551
https://link.springer.com/article/10.1007/s11060-021-03826-3
https://link.springer.com/article/10.1007/s11060-021-03826-3
https://link.springer.com/article/10.1007/s11060-021-03826-3
https://link.springer.com/article/10.1007/s11060-017-2720-5
https://link.springer.com/article/10.1007/s11060-017-2720-5
https://link.springer.com/article/10.1007/s11060-017-2720-5
https://www.cureus.com/articles/74843-assessing-psychiatric-comorbidity-and-pharmacologic-treatment-patterns-among-patients-with-neurofibromatosis-type-1
https://www.cureus.com/articles/74843-assessing-psychiatric-comorbidity-and-pharmacologic-treatment-patterns-among-patients-with-neurofibromatosis-type-1
https://www.cureus.com/articles/74843-assessing-psychiatric-comorbidity-and-pharmacologic-treatment-patterns-among-patients-with-neurofibromatosis-type-1
https://www.sciencedirect.com/science/article/pii/S2173580821000687
https://www.sciencedirect.com/science/article/pii/S2173580821000687
https://www.sciencedirect.com/science/article/pii/S2173580821000687
https://link.springer.com/article/10.1007/BF01377205
https://link.springer.com/article/10.1007/BF01377205
https://link.springer.com/article/10.1007/BF01377205
http://www.ajnr.org/content/22/5/810.short
http://www.ajnr.org/content/22/5/810.short
http://www.ajnr.org/content/22/5/810.short
http://www.ajnr.org/content/22/5/810.short
https://jamanetwork.com/journals/jamaneurology/article-abstract/790033
https://jamanetwork.com/journals/jamaneurology/article-abstract/790033
https://jamanetwork.com/journals/jamaneurology/article-abstract/790033
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-015-9128-3
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-015-9128-3
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-015-9128-3
https://jneurodevdisorders.biomedcentral.com/articles/10.1186/s11689-015-9128-3
https://www.sciencedirect.com/science/article/abs/pii/0045938092900532
https://www.sciencedirect.com/science/article/abs/pii/0045938092900532
https://jmg.bmj.com/content/36/3/197.short
https://jmg.bmj.com/content/36/3/197.short
https://www.nature.com/articles/nrneurol.2014.99
https://www.karger.com/Article/Abstract/368078
https://www.karger.com/Article/Abstract/368078
https://www.sciencedirect.com/science/article/pii/S1769721221002524
https://www.sciencedirect.com/science/article/pii/S1769721221002524
https://www.sciencedirect.com/science/article/pii/S1769721221002524
https://www.sciencedirect.com/science/article/abs/pii/S1748681516300146
https://www.sciencedirect.com/science/article/abs/pii/S1748681516300146
https://www.sciencedirect.com/science/article/abs/pii/S1748681516300146
https://www.sciencedirect.com/science/article/abs/pii/S1748681516300146
https://journals.sagepub.com/doi/10.1177/088307380001500406
https://journals.sagepub.com/doi/10.1177/088307380001500406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7927557/


Page 43
Isis A, et al.

Volume 31 • Issue 02 • 006

COVID-19 on medical exminations. Acta Biomed e2020135. 

40.	 Tzeng TY, Hsu CA, Yang YY, Yuan EJ, Chang YT, et al. ( 2021) 
The impact of COVID-19 Pandemic on the Learning Out-
comes of Medical Students in Taiwan: A Two-Year Prospec-
tive Cohort Study of OSCE Performance. Int J Environ Res 
Public Health 19(1): 208. 

41.	 Shaiba LA, Alnamnakani MA, Temsah MH, Alamro N, Also-
hime F, et al. (2021) Medical faculty`s and student’s percep-
tions toward pediatric electronic OSCE during the COVID-19 
pandemic in Saudi Arabia. Healthcare (Basel) 9(8): 950. 

42.	 Pavlova M (2017) The objective structured clinical exam-
ination (osce): Amee guide no 81. part ii: Organisation and 
administration. Med Teach 35(9): e1447-63. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7927557/
https://www.mdpi.com/1660-4601/19/1/208
https://www.mdpi.com/1660-4601/19/1/208
https://www.mdpi.com/1660-4601/19/1/208
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Faculty%60s+and+Students%60+Perceptions+toward+Pediatric+Electronic+OSCE+during+the+COVID-19+Pandemic+in+Saudi+Arabia&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Faculty%60s+and+Students%60+Perceptions+toward+Pediatric+Electronic+OSCE+during+the+COVID-19+Pandemic+in+Saudi+Arabia&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Faculty%60s+and+Students%60+Perceptions+toward+Pediatric+Electronic+OSCE+during+the+COVID-19+Pandemic+in+Saudi+Arabia&btnG=
https://www.tandfonline.com/doi/full/10.3109/0142159X.2013.818635
https://www.tandfonline.com/doi/full/10.3109/0142159X.2013.818635
https://www.tandfonline.com/doi/full/10.3109/0142159X.2013.818635

