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Introduction
Neurofibromatosis Type 1 (NF1), or Von Recklinghau-
sen’s disease, is the most common autosomal dominant 
neuroectodermal disease; it is primarily characterized by 
the presence of six or more café-au-lait macules, inter-
triginous freckles, and two or more neurofibromas [1–3]. 
NF1 is the most common type of this disease, with an 
estimated prevalence of approximately 1:2000–1:3500 
individuals around the world [4, 5]. Signs and symptoms 
reduce the quality of life significantly; they are not life-
threatening, but they can cause severe morbidity [6].

NF1 is usually diagnosed clinically by dermatolo-
gists or pediatricians since it affects the skin at an early 
age and the nervous system at a later age. Genetic tests 
could not be performed routinely in low-income coun-
tries. The chief complaints of NF1 patients are mostly 
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Abstract
Background  The notion of “burden” has taken a key place in the evaluation of care, particularly in the case of rare 
diseases. The aim of this study was to evaluate the psychometric properties of the burden of neurofibromatosis 1 
questionnaire (BoN) and to determine the perceived disease burden.

Results  The 15-item BoN was translated into Persian, and no items were removed based on content validity. The 
adequacy of the sample was acceptable (KMO = 0.902), and Bartlett’s test of sphericity revealed statistically significant 
results (P < 0.001). Exploratory factor analysis revealed three factors. The reliability of the scale was good (Cronbach’s 
alpha: 0.90), and the intraclass coefficient was 0.85. The severity of the burden of neurofibromatosis was moderate, 
and the total mean burden score was 33.12 ± 16.12.

Conclusions  The Persian version of the BoN is an acceptable tool in terms of structure and content, and it specifically 
assesses the practical aspects of daily activities for patients with neurofibromatosis.
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cosmetic deformities, chronic pain and difficulty learn-
ing, which subsequently lead to social complications, low 
self-esteem, depression and mental disorders. Previous 
studies have shown that the prevalence of depression and 
other psychiatric complications was higher in patients 
with NF1 than in healthy adults [7, 8].

There is no definitive treatment for NF1, but in cases of 
malignancies, treatment options include surgery, chemo-
therapy and radiotherapy. For the proper palliative man-
agement of NF1 patients with numerous psychiatric and 
psychological disorders, a systematic multidisciplinary 
approach must be considered, including coordination 
among dermatologists, neurologists, surgeons, psycholo-
gists and other health care workers involved with such 
patients. Health care professionals should also be familiar 
with health-related concepts such as “individual disease 
burden”, which assesses disease “disability” in the broad-
est sense, including social, psychological, physical, and 
economic features. The term “individual burden” derives 
from the general concept entitled “Global Disease Bur-
den”, which was introduced in 2010 by the World Health 
Organization (WHO), for quantifying population health 
and determining action priorities [9]. Individual burden 
has been increasingly investigated, and different studies 
have created and validated specific assessment tools for 
the burden of each skin disease, such as psoriasis, vitil-
igo, atopic dermatitis, hereditary ichthyosis, and infantile 
hemangioma [10–14].

The individual disease burden of neurofibromatosis 
was investigated first by Armand et al. in 2019 [15]. They 
developed and validated a questionnaire in the French 
language entitled “Burden of Neurofibromatosis” (BoN) 
and investigated it among 60 adult patients. As the sec-
ond step, they translated the tool from French to Eng-
lish. The scale exhibited strong psychometric properties, 
including high internal consistency (α = 0.91). To the best 
of our knowledge, there is no Persian-language tool to 
measure the concept of burden, so we aimed to trans-
late, culturally adapt and validate the BoN and investigate 
the psychometric properties of the Persian version of the 
BoN.

Method
The methodological study was conducted as follows: (a) 
translation and adaptation of the BoN to Persian in 7 
steps [16]; (b) assessment of the psychometric properties 
of the questionnaire.

Measures
The following demographic information was collected 
using a self-report questionnaire: age, gender, level of 
education, marital status, and employment status.

The BoN consists of 15 items with four dimensions 
(concentration and learning problems (5 items); the way 

others look at them and the anxiety they feel about the 
future (5 items); life with the disease (3 items); sexuality 
(2 items)) and is rated on a 6-point scale, ranging from 0 
(never) to 5 (constantly). The total score is calculated by 
summing the scores of all items and ranges from 0 to 75. 
Higher scores indicate higher levels of neurofibromatosis 
burden [15].

Participants
Four hundred patients with neurofibromatosis were 
invited to participate in this study. The inclusion crite-
ria for participants were as follows: (a) over 18 years old; 
(b) neurofibromatosis disease as defined by the Iranian 
Neurofibromatosis Association (physicians consider the 
following to diagnose the NF1: Family history review, 
genetic testing, café-au-lait macule size review, etc. [17]); 
and (c) no history of psychiatric illness. The question-
naire was administered electronically via the Google 
Forms platform, the hyperlink was sent to the partici-
pants. A total of 356 people completed the questionnaire. 
Data collection took place between January 2020 and 
February 2020.

Translation process
Initially, two bilingual translators independently trans-
lated the questionnaire from English to Persian. Subse-
quently, a third bilingual translator compared the two 
translations and combined them into a single version. The 
text of the current questionnaire was then translated back 
into the original language by another bilingual translator 
and compared to the original version of the question-
naire. Following the translation, the questionnaire’s items 
were culturally verified; in the end, no cultural alterations 
were made because the questions were clear and intel-
ligible to Iranian society. The text of the questionnaire 
was shown to 10 patients with neurofibromatosis. We 
asked them to review the sentences for clarity, compre-
hensibility, simplicity and to comment on how the items 
could be improved. In accordance with suggestions from 
the patients, we replaced the word “neurofibromatosis” 
with the word “disease” because they reported feeling bad 
when reading the former word. After applying the final 
corrections, the final version was prepared, and its psy-
chometric properties were assessed.

Psychometric Procedure
Content validity is assessed using the Content Validity 
Ratio (CVR) and Content Validity Index (CVI). Twenty 
experts reviewed the questionnaire items and rated each 
one as essential, useful but not necessary, or unnecessary 
[18]. According to the Lawshe table, the acceptable rate 
is 0.42 [19]. None of the phrases were deleted in this sec-
tion. After applying expert opinions and enriching the 
phrases, 15 other experts reviewed the questionnaire to 
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evaluate the CVI [20]. The construct validity was assessed 
by exploratory factor analysis (EFA) and confirmatory 
factor analysis (CFA). Additionally, 178 participants were 
used for each method.

Statistical analysis
To analyze the psychometric properties of the BoN, Lisrel 
version 8.80 and SPSS version 18.0 were used. The basic 
construct of the items was assessed by EFA using prin-
cipal component analysis with direct oblimin rotation. 
Bartlett’s test of sphericity (BTS) was used to assay the 
correlation matrix between items (p < 0.05). The Kaiser–
Meyer–Olkin index (KMO) test was used to assess the 
quality of sampling [21], and the Kaiser index was used 
to estimate the number of factors. Confirmatory factor 
analysis was performed to evaluate the fit of the model. 
The goodness-of-fit index (GFI), normed fit index (NFI), 
nonnormed fit index (NNFI), comparative fit index (CFI), 
root mean square error (RMSEA), and degrees of free-
dom (CMIN/DF) were used, as they are commonly used 
fit indices for CFA [22]. Cronbach’s alpha coefficient was 
calculated to assess the internal consistency [23]. A test-
retest analysis was conducted to assess replicability by 
asking a group of subjects to complete the questionnaire 
twice, with an interval of at least 14 days in between [24].

Results
Three hundred fifty-six patients participated in the pres-
ent study. Demographic information from the partici-
pants is shown in Table 1. Most of the participants were 
female and single. The average age of the participants was 
34.22 ± 8.6 years (Table 2).

In the process of evaluating the content validity, no 
items were removed from the questionnaire, but changes 
were made in the form and richness of the words to 
enhance understanding. The CVR value ranged from 
0.5 to 0.9 for the individual items and 0.74 for the whole 
scale. The adequacy of the samples shown by the results 
of the EFA (KMO = 0.902) (Table 1). The BTS results were 
statistically significant (P < 0.001) and led to the develop-
ment of a three-factor solution as a domain. The CFA 
confirmed the following three factors:

Factor 1, concentration and life with the disease (six 
items);

Factor 2, the social burden of illness and future worries 
(six items);

Factor 3, perspectives (three items).

Table 1  Demographic characteristics and responses on the burden of adult neurofibromatosis 1 questionnaire
Variable EFA sample (n = 178) CFA sample (n = 178) Total (n = 356) BoN P-value

n (%) n (%) n (%) Mean (± SD)
Age group

18–25 yrs 20 (11.2) 36 (20.2) 56 (15.7) 37.26 (± 18.00) 0.04

26–35 yrs 74 (41.6) 77 (43.3) 151 (42.4) 33.98 (± 16.62)

36–45 yrs 68 (38.2) 52 (29.2) 120 (33.7) 31.16 (± 15.28)

> 46 yrs 16 (9.0) 13 (7.3) 29 (8.1) 28.68 (± 15.01)

Gender

Female 131 (73.6) 115 (64.6) 246 (69.1) 32.75 (± 15.51) 0.55

Male 47 (26.4) 63 (35.4) 110 (30.9) 33.93 (± 18.27)

Marriage

Single 122 (68.5) 120 (67.4) 242 (68.0) 34.74 (± 17.23) 0.003

Married 56 (31.5) 58 (32.6) 114 (32.0) 29.66 (± 13.90)

Education

Diploma and sub-Diploma 97 (54.5) 97 (54.5) 194 (54.5) 35.63 (± 17.08) 0.001

Bachelor’s degree 57 (32.0) 62 (34.8) 119 (33.4) 32.00 (± 15.10)

Master’s degree 24 (13.5) 17 (9.6) 41 (11.5) 25.34 (± 13.83)

Doctoral degree 0 (0) 2 (1.1) 2 (0.6) 15.00 (± 4.24)

Job

Unemployed 52 (29.2) 55 (30.9) 107 (30.1) 41.20 (± 15.39) 0.001

Self-employment 48 (27.0) 44 (24.7) 92 (25.8) 28.55 (± 17.37)

Housewife 39 (21.9) 44 (24.7) 83 (23.3) 32.46 (± 15.17)

Employee 39 (21.9) 35 (19.7) 74 (20.8) 29.28 (± 14.61)
Values are presented as n (%), Mean and Standard deviation (± SD)

Significant at p < 0.05.

Table 2  KMO and Bartlett’s test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.902
Bartlett’s Test of Sphericilty Approx. Chi-Square 1272.551

df 105

Sig. < 0.001
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The factor loadings of the 3-factor solution are shown 
in Table 3. The resulting domains accounted for 61.012% 
of the observed variance in the 15-item BoN. The fit indi-
ces for the BoN are shown in Table 4.

The Cronbach alpha coefficient of the total scale was 
equal to 0.90, and the coefficients for factors 1, 2, and 3 
were 0.85, 0.85, and 0.53, respectively. The intraclass cor-
relation coefficient for the total scale was 0.85. The test-
retest reliability was assessed by examining results from 
30 subjects, and the questionnaire was found to have 
good replicability.

The burden of adult neurofibromatosis 1 
questionnaire
The participants’ scores on the burden of neurofibro-
matosis 1 questionnaire is reported in Table 5. The total 
mean score of burden was 33.12 ± 16.12, with a range 
between 0 and 75. The mean scores for the three ques-
tionnaire factors “concentration and life with the disease”, 
“the social burden of illness and future worries”, and “per-
spectives” were 10.36 ± 6.97, 17.23 ± 7.98 and 5.52 ± 3.71, 
respectively. Table 2 shows the relationship between the 

burden of neurofibromatosis 1 scores and demographic 
variables.

Discussion
The use of valid questionnaire to assess the burden of 
patient diseases has become an important task in com-
munity management [25], and one of the challenges 
mentioned in a previous review study is the heterogene-
ity of measurement tools used to assess disease burden 
[26]. The current study examines the Persian version of 
the burden of neurofibromatosis type 1 questionnaire; 
assesses the validity and reliability of the questionnaire; 
and determine the perceived burden of patients with 
NF 1. The Persian version of the BoN has good validity 
and reliability and can be used as a reliable tool for adult 
patients with NF 1.

The present study was performed with 356 partici-
pants. Based on the KMO test, the sample size is excel-
lent and adequate. The KMO value varies from zero to 
one, 0.5 to 0.6 sample size is not enough and 0.9 to 1 is 
reported as excellent. [21]. The biggest limitation men-
tioned by Armand et al. was a relatively small sample size 
(65 patients) [15]. The KMO test in their study was 0.6. 
We were able to overcome this limitation.

In this study, we used CFA to examine the validity of 
the internal structure of scales [27]. All fit indicators were 
within an acceptable threshold, indicating confidence in 
the validity of the internal structure. Armand et al. also 
mentioned the acceptability of fit indices in their study 
[15].

The reliability of the BoN was 0.9, and the three deter-
mined factors also had acceptable values. Its acceptable 
value is estimated based on studies > 0.70 [23]. The origi-
nal version reported that the instrument reliability for the 
whole scale was 0.91 [15].

In this study, the severity of the burden of neurofibro-
matosis was moderate. Age, marital status, occupation 
and education affected the patient’s perceived burden. 
With increasing age, the perceived burden of the disease 
by patients’ decreases significantly, this result was not 
far from the mind because this disease seriously affects 
the appearance of patients and young people care more 
about their appearance than older people. Patients who 
are single significantly perceived more burden of disease, 
but increasing their education degree and having a source 
of income help to reduce the burden of disease. Policy-
makers should note that social and economic support 
can significantly help reduce the perceived burden of dis-
ease. Armand et al. reported a moderate severity of dis-
ease burden and a relationship between the BoN and sex 
[15]. Foji et al. identified 4 main categories for the bur-
den of neurofibromatosis type 1 in a qualitative study in 
Iran, including “deprivation and restriction”, “social isola-
tion”, “ineffective adaptation to the disease”, and “failing 

Table 3  Factor loadings of the BoN on the rotated factor pattern 
matrix
No Factor 1 Factor 2 Factor 3
q1 0.746

q2 0.897

q3 0.776

q4 0.700

q5 0.506

q6 0.427

q7 0.856

q8 0.894

q9 0.398

q10 0.513

q11 0.498

q12 0.534

q13 0.825

q14 0.749

q15 0.548

Table 4  Model Fit Index Summary
Model Fit Index Adminissibility Result
χ2P-value (Chi-squared P-value) > 0.05 > 0.001

RMSEA (Root Mean Square Error of 
Approximation)

< 0.08 perfect fit; 
0.08-0.10 good fit; 
>0.10 weak fit

0.094

NFI (Normed Fit Index) > 0.9 0.94

NNFI (Non Normed Fit Index) > 0.9 0.96

GFI (Goodness of Fit Index) > 0.9 0.91

CFI (Comparative of Fit Index) > 0.9 0.97

CMIN/DF (Minimum Discrepancy Func-
tion by Degree of Freedom divided)

< 3 good; <5 some-
times permissible

2.45
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and falling behind in life”, which indicates the perception 
of patients with NF [8]. Kenborg et al. showed in their 
study that people with NF1 have recurrent clinical prob-
lems that persist and accumulate throughout life. Quan-
tification improves our understanding of the conceptual 
complexities of disease burden [28]. It is suggested that 
public awareness regarding this disease should be put on 
the agenda, this action is the basis for solving many social 
and economic problems of NF patients [29].

One of the strengths of the present study is its sam-
ple size, despite the rarity of this disease and the small 
sample sizes in most studies and the collection of sam-
ples from across the country. On the other hand, as we 
are translating and BoN psychometrics for the first time 
and no questionnaire in Iran specifically addressed this 
issue, it was very difficult to compare the situation. We 
suggest that researchers identify future factors affect-
ing perceived disease burden. Limitations of the study 
include the use of convenience sampling rather than ran-
dom sampling. In addition, only those who could read, 
write, and access the internet were able to participate in 
the study. Therefore, the burden of participants cannot be 

generalized to the whole community. In addition, we did 
not assess the clinical features of the research subjects. 
We propose that future research quantify clinical features 
and assess their influence on perceived disease burden.

Conclusion
The Persian version of the BoN is an acceptable tool in 
terms of structure and content that specifically addresses 
the practical aspects of daily activities for patients with 
neurofibromatosis, beyond the concept of quality of life. 
NF1 is a disease with wide dimensions, and this tool can 
be used to better understand the individual burden of 
patients and play a role in decision-making.
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