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Abstract
Background:  Neurofibromatosis  type  1  (NF1)  is  a  rare  genetic  disorder  with  a  wide  range  of  clin-
ical manifestations,  notably  neurocutaneous  features,  that  can  lead  to  emotional  and  physical
consequences.
Objectives:  This  study  assessed  the  influence  of  sociodemographic  factors  and  clinical  features
of the  disease  on  the  quality  of  life  of  Brazilian  individuals  with  NF1.
Methods:  This  is  a  descriptive  cross-sectional  study.  Data  were  collected  from  101  individuals
with NF1  using  the  Brazilian  version  of  the  Impact  of  NF1  on  Quality  of  Life  Questionnaire  (INF1-
QoL), a  form  with  information  on  sociodemographic  characteristics,  and  an  NF1  visibility  self-
evaluation  scale.  The  relationship  between  variables  was  evaluated  through  statistical  testing,
and the  significance  level  was  defined  as  0.05.
Results:  The  study  included  101  adults  with  NF1  aged  18  to  59  years,  with  a  mean  age  of  35.54
years (±9.63)  and  a  female  predominance  (n  =  84,  83.17%).  The  mean  total  INF1-QoL  score
was 10.62  (±5.63),  with  a  median  of  10,  minimum  value  of  0,  and  maximum  of  31  points.
Two characteristics  of  the  participants  were  significantly  associated  with  the  quality  of  life:
educational  level  (p  =  0.003)  and  familial  history  of  NF1  (p  =  0.019).  There  was  a  statistically

significant correlation  between  the  INF1-QoL  score  and  the  degree  of  disease  visibility  (rho  =
0.218; p  =  0.028).
Study  limitations:  Cross-sectional  study,  conducted  with  a  convenience  sample  and  using  self-
reported measures.

� Study conducted at the Department of Medicine, Universidade Federal de São Carlos, São Carlos, SP, Brazil.
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Conclusions:  The  findings  support  the  significant  impact  of  NF1  on  quality  of  life.  The  authors
recommend  multidisciplinary  follow-up  for  patients,  with  adherence  to  anticipatory  clinical
care measures,  adequate  pain  control,  psychological  assistance,  and  genetic  counseling.
© 2024  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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eurofibromatosis  Type  1  (NF1)  is  a  rare  genetic  disorder
nvolving  multiple  organ  systems  that  is  characterized  by  a
ide  range  of  clinical  manifestations,  most  notably  neuro-
utaneous  features.1 The  disease  affects  both  sexes  equally,
nd  its  prevalence  has  been  estimated  at  1  in  2,000  to  4,000
ndividuals.2

Common  findings  of  NF1  include  café-au-lait  macules,
elanocytic  hamartomas  in  the  iris  known  as  Lish  nodules,

utaneous  neurofibromas,  skinfold  freckling,  plexiform  neu-
ofibromas,  optic  pathway  glioma,  bone,  endocrinological
nd  neurological  abnormalities,  learning  disabilities,  and
ehavioral  problems.  Clinically,  the  phenotypic  expression
s  highly  variable.3 Almost  all  individuals  have  small  benign
utaneous  tumors  that  increase  in  number  and  become  more
isible  with  age.  Approximately  30%  of  adults  have  visible
lexiform  neurofibromas,  while  20%  have  internal  plexiform
eurofibromas  detectable  only  by  imaging  exams.4

NF1  is  a  tumor  suppressor  gene  that  encodes  a  pro-
ein  called  neurofibromin,  which  regulates  the  RAS  pathway.
eurofibromin  is  abundantly  expressed  in  neurons,  oligo-
endrocytes,  and  Schwann  cells.1 Individuals  with  NF1  have

 cumulative  risk  of  malignancy  of  20%  to  39%  when  they
re  50  years  old,  with  a  lifetime  cancer  risk  of  roughly
0%.1 The  increased  lifetime  risk  of  developing  cancer
as  prompted  research  into  therapies  that  inhibit  tumor
rowth.3

The  visibility  of  skin  diseases  may  lead  to  severe  psycho-
ogical  distress  and  social  burdens.  In  individuals  with  NF1,
isease  visibility  is  closely  related  to  psychiatric  morbidi-
ies,  such  as  anxiety  and  depression,  and  impairs  the  quality
f  life.4---8 Disease  severity  and  pain  interfere  with  personal
unctionality  and  are  also  associated  with  impaired  quality
f  life.7---11

In  2017,  a  group  of  researchers  from  the  United  Kingdom
reated  the  Impact  of  NF1  on  Quality  of  Life  Questionnaire
INF1-QoL),  which  is  suitable  as  an  assessment  tool  in  the
linical  setting  as  well  as  a  patient-reported  outcome  mea-
ure  in  clinical  trials  and  therapeutic  interventions.  It  is  a
4-question  questionnaire  with  responses  ranging  from  0  to
.  The  questionnaire  has  a  maximum  potential  score  of  42,
ith  higher  scores  indicating  a  greater  impact  on  quality
f  life.  The  original  English  version  of  the  INF1-QoL  is  a
alidated,  reliable,  disease-specific  questionnaire  that  cor-
elates  moderately  with  disease  severity.10 The  INF1-QoL
uestionnaire  was  adapted  and  validated  in  the  Brazilian
ontext  and  is  available  to  professionals  who  assist  these
atients.11
This  study  aimed  to  assess  the  influence  of  sociodemo-
raphic  factors  and  the  visibility  of  the  disease  on  the  quality
f  life  of  Brazilian  individuals  with  NF1  using  the  INF1-QoL
uestionnaire.
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aterials and methods

tudy  design  and  ethical  considerations

his  is  a  descriptive  cross-sectional  study,  developed  after
pproval  by  the  Committee  for  Ethical  Compliance  in
esearch  Involving  Human  Beings  at  the  Universidade  Fed-
ral  de  São  Carlos.  All  participants  signed  an  Informed
onsent  Form  before  providing  data.  This  study  follows  the
ecommendations  from  the  Strengthening  the  Reporting  of
bservational  Studies  in  Epidemiology  (STROBE).12

ampling  and  data  collection

he  study  was  carried  out  with  a  convenience  sample13 of
01  individuals  with  NF1  recruited  through  social  networks
ver  the  Internet.  Invitations  to  participate  in  the  study
ere  shared  with  Brazilian  Facebook  groups  of  people  with
F1.  The  individuals’  inclusion  criteria  were:  (1)  being  over
8  years  old;  (2)  having  a  medical  diagnosis  of  NF1;  (3)  being
razilian;  and  (4)  being  accessible  and  interested  in  research
articipation.

Data  collection  was  gathered  through  a  self-
eport  online  form  from  October  2021  to  January
022.  Data  collection  instruments  were  the  Brazil-
an  version  of  the  INF1-QoL11 that  is  available  at
ttps://doi.org/10.6084/m9.figshare.19617162.v1,  a
uestionnaire  with  information  on  sociodemographic  fea-
ures  prepared  for  this  study  (Appendix  S1,  Supporting
nformation),  and  an  NF1  visibility  self-evaluation  scale
dapted  from  the  Ablon  scale.14 The  Ablon  scale  is  based
n  the  appearance  of  a  fully  dressed  person  and  how
asily  physical  signs  such  as  café-au-lait  spots,  tumors  on
he  neck  or  face,  or  a  noticeable  limp,  can  be  perceived
n  impersonal  interactions.14 The  authors  developed  and
alidated  a  scale  for  self-evaluation  of  NF1  visibility  that
onsists  of  eight  yes/no  questions,  allowing  us  to  classify
F1  visibility  as  degree  1  (mild),  degree  2  (moderate),  or
egree  3  (severe)  according  to  the  combination  of  each
tem  response 15

ata  analysis

escriptive  analyses  were  performed  for  the  personal  and
linical  characteristics  of  the  participants  and  the  INF1-QoL
cores.

The  INF1-QoL  reliability  was  evaluated  in  terms  of  inter-
al  consistency  using  Cronbach’s  alpha  index,  and  values  ≥

.70  were  considered  adequate.16

The  normality  of  the  quality  of  life  variable,  measured
sing  the  total  INF1-QoL  score,  was  verified  using  the
olmogorov-Smirnov  test  with  Lilliefors  correction.  Since

1
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Table  1  Sociodemographic  characteristics  and  visibility
disease  of  individuals  with  NF1  (n  =  101).

Features  n  (%)

Gender
Female  84  (83.17)
Male 17  (16.83)
Age (years)
18---25  17  (16.83)
> 25---30 14  (13.86)
> 30---35 18  (17.82)
> 35---59 52  (51.49)
Marital  status
Single  60  (59.41)
Married  or  living  together  39  (36.61)
Divorced  2  (1.98)
Educational  level
Incomplete  primary  education  2  (1.98)
Complete  primary  education  1  (1)
Incomplete  secondary  education  7  (6.93)
Complete  secondary  education  27  (26.73)
Vocational  training  course  7  (6.93)
Incomplete  or  complete  higher  education  40  (39.60)
Postgraduate  education  17  (16.83)
Number  of  children
None  61  (60.40)
1 20  (19.80)
2 12  (11.88)
≥3 8  (7.92)
Family  history  of  NF1
No 54  (53.47)
Yes, parents  with  NF1 19  (18.81)
Yes, children  with  NF1 19  (18.81)
Yes, other  relatives  with  NF1 9  (8.91)
NF1  visibility
Degree  1 28  (27.72)
Degree  2 20  (19.80)
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he  normality  of  the  quality  of  life  variable  was  rejected  (D
 0.1169;  p  =  0.0017),  non-parametric  statistical  methods
ere  used.

The  difference  of  the  quality  of  life  scores  in  relation
o  sociodemographic  and  clinical  factors  was  analyzed  using
he  Mann-Whitney  or  Kruskal-Wallis  tests  with  Dunn’s  post-
est,  according  to  the  number  of  groups  in  each  variable.

Spearman  correlation  was  used  to  verify  the  degree  of
inary  correlation  between  the  quality  of  life  and  the  NF1
egree  of  visibility.  The  intensity  of  the  correlation  coeffi-
ient  (rho)  was  established  as  a  weak  correlation  between  0
nd  0.3,  a  moderate  correlation  between  >  0.3  and  0.6,  and

 strong  correlation  >0.6.
Statistical  analyses  were  performed  using  the  JASP

.16.3.0  (https://jasp-stats.org)17 and  a  p-value  of  <  0.05
as  considered  statistically  significant.

esults

he  participants  were  from  15  different  states  across  the
ountry,  with  a  predominance  of  the  states  of  São  Paulo  (n  =
0;  39.60%),  Minas  Gerais  (n  =  12;  11.89%),  and  Paraná  (n  =
;  7.92%).  They  ranged  in  age  from  18  to  59  years  old,  with

 mean  age  of  35.54  years  (±  9.63),  and  they  were  mostly
emale  (n  =  84,  83.17%).  Table  1  presents  the  participants’
ociodemographic  information.

The  mean  total  INF1-QoL  score  was  10.62  (±5.63;  95%  IC
.51---11.73),  with  a  median  of  10  (95%  IC  9.0---11.0),  a  min-
mum  of  0,  and  a  maximum  of  31  points.  Fig.  1  depicts  the
esults  of  the  total  INF1-QoL  score  among  the  participants,
hile  Fig.  2  presents  the  frequency  diagram  of  responses  to

he  14  items  of  the  INF1-QoL.
Cronbach’s  alpha  index  for  the  total  INF1-QoL  was

.8009,  with  values  ranging  from  0.7535  to  0.7963  for  each
uestionnaire  question  (Table  S1,  Supporting  Information).

Table  2  shows  further  relationships  between  sociodemo-
raphic  and  clinical  variables  and  the  INF1-QoL  score.  There
as  a  significant  difference  in  the  mean  total  INF1-QoL

core  according  to  the  educational  level  (p  =  0.003).  Regard-
ng  this,  the  ‘‘incomplete/complete  primary  education  or
ncomplete  secondary  education’’  group  differed  from  the
‘complete  secondary  education’’  (18.40  ±  6.57  vs.  10.07  ±
.25,  p  <  0.001),  ‘‘vocational  training  course’’  (18.40  ±  6.57
s.  10.86  ±  3.44,  p  =  0.030),  ‘‘incomplete/complete  higher
ducation’’  (18.40  ±  6.57  vs.  9.48  ±  4.62,  p  <  0.001)  and
‘postgraduate  education’’  (18.40  ±  6.57  vs.  9.53  ±  5.43,  p

 0.001)  groups.
Furthermore,  individuals  with  a  positive  family  history

f  NF1  had  lower  INF1-QoL  scores  and,  therefore,  a  lower
mpact  on  their  quality  of  life  (11.67  ±  5.61  vs.  9.43  ±  5.46,

 =  0.019).
Although  there  was  no  significant  difference  in  the  mean

NF1-QoL  score  according  to  the  degree  of  disease  visibil-
ty  (p  =  0.088),  the  INF1-QoL  score  was  weakly  correlated
ith  the  degree  of  disease  visibility  (rho  =  0.218,  p  =  0.028),

ndicating  that  the  more  visible  the  disease,  the  worse  the
uality  of  life.
iscussion

egarding  NF1  individuals’  quality  of  life,  the  INF1-QoL  ques-
ion  that  achieved  the  highest  score  was  question  number
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52
Degree  3  53  (52.48)

3,  which  asked  about  the  effect  of  NF1  on  role  and  outlook
n  life  (e.g.,  career,  confidence,  relationships,  caring  for
amily,  having  children,  fear  of  passing  on  NF1  to  children).
hese  results  are  consistent  with  those  of  the  original  English
uestionnaire,  where  the  highest  score  was  also  obtained  for
he  same  question.10 The  authors  believe  that  impairment
n  role  and  life  perspective  is  closely  related  to  feelings  of
ncertainty  regarding  the  disease,  as  reported  in  previous
ualitative  research.5,6,18 There  are  two  main  dimensions  in
hich  the  uncertainty  typically  associated  with  NF1  impacts

hose  living  with  the  condition.  The  first  dimension  is  con-
erned  with  disease  progression.  This  has  already  been
entioned  among  adults  of  all  ages  and  degrees  of  severity,

nd  often  the  anxiety  about  what  may  happen  in  the  future  is
reater  than  the  present  symptoms  of  the  disorder.  The  most
oncerning  aspect  is  the  possibility  of  neurofibromas  growing
n  size  or  number,  as  well  as  the  chance  of  developing  cancer.

 second  dimension  is  related  to  family  planning.  Anxiety

nd  uncertainty  about  hereditary  diseases,  such  as  NF1,  can
ead  to  a  behavior  interpreted  as  ‘‘genetic  responsibility’’,18

n  which  individuals  sometimes  decide  not  to  have  children

2
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Figure  1  Total  INF1-QoL  score  distribution  in  participants  (n  =  101).
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Figure  2  Frequency  diagram  of  responses  to  the  

n  order  to  avoid  perpetrating  the  genetic  condition  in  future
enerations.5,6,18 These  issues  might  be  related  to  the  fact
hat  more  than  half  of  the  sample  in  the  present  study  was
omprised  of  single  individuals.

The  second  highest-scoring  INF1-QoL  question  was  14,
hich  addressed  depression  and  anxiety,  followed  by  ques-

ions  3  and  4,  which  addressed  physical  pain.  These  findings
re  consistent  with  existing  studies  in  the  literature,  which

howed  that  physical  pain,  anxiety,  and  depression  were
he  main  affected  factors  in  the  lives  of  those  with  the
isorder8,19,20 and  suggested  screening  for  pain  and  depres-
ion  in  routine  assessments  of  patients  with  NF1.8

o
p
a
s

52
ems  of  the  INF1-QoL  among  participants  (n  =  101).

The  etiology  of  NF1  pain  is  not  totally  known.
tudies  of  NF1-rat  models  highlighted  CRMP2  (Collapsin
esponse  Mediator  Protein  2),  an  intracellular  phosphopro-
ein  predominantly  expressed  in  the  nervous  system  during
evelopment  and  involved  in  axon  guidance  and  growth,
s  a key  player  in  the  development  of  NF1  pain.21 Cur-
ent  treatments  specifically  targeting  NF1-pain  are  scarce,
nd  most  of  the  time  patients  are  managed  with  general

ver-the-counter  medication  and  surgery  for  removal  of
ainful  neurofibromas,  neither  of  which  result  in  complete
ttenuation  of  NF1-pain.  Additionally,  pain  is  a  subjective
ymptom,  and  a  biopsychosocial  approach  can  provide  the

3
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Table  2  The  INF1-QoL  score  distribution  according  to  the  sociodemographic  and  clinical  variables  (n  =  101).

Variables n
INF1-QoL  score

p-valuea

Mean  SD  Median

Gender
Female  84  10.23  5.25  10

0.177Male 17  12.59  7.08  12
Age (years)
18---25  17  9.06  5.36  10

0.471
> 25---30  14  9.43  4.65  7.5
> 30---35  18  11.72  5.49  11
> 35---59  51  11.08  5.97  10
Marital status
Married  or  living  together 39  10  6.11  9

0.301Single/Divorced  62  11.02  5.32  10.5
Educational  level
Incomplete/complete  primary
education  or  incomplete
secondary  education

10  18.40  6.57  17

0.003c

Complete  secondary  education  27  10.07  5.25  10
Vocational training  course  7  10.86  3.44  12
Incomplete/complete  higher
education

40  9.48  4.62  9

Postgraduate  education  17  9.53  5.43  8
Number of  children
None  61  9.92  4.94  10

0.212
1 20  10.70  5.12  10
2 12  14.42  7.43  12.5
≥3 8  10.13  7.47  10
Familial history  of  NF1
No 54  11.67  5.61  11

0.019b
Yes  47  9.43  5.46  9
NF1 visibility
Degree  1 28  9.11  5.48  9

0.088Degree 2 20  9.85  5.20  9
Degree 3 53  11.72  5.72  11

a Mann-Whitney or Kruskal-Wallis tests.
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b p < 0.05.
c p < 0.01.

ost  benefit  in  relieving  the  complaint.22 It’s  worth  men-
ioning  that  studies  on  gender-based  differences  involved  in
F1  pain  are  needed  since  Crawford  et  al.  (2015)  demon-
trated  a  greater  effect  of  NF1  pain  on  mood  in  women
ith  NF1.5 Individuals  with  NF1  pain  have  barriers  to
btaining  comprehensive  pain-specific  treatment,  includ-
ng  difficulty  accessing  medical  services  and  the  limited
vailability  of  trained  professionals  with  disease-specific
nowledge.23 Adequate  pain  control  is  fundamental,  as  unre-
ieved  pain  generates  psychological  and  emotional  distress
n  addition  to  impairing  sleep,  social  activities,  and  cogni-
ive  functions.8,22 Understanding  pain  in  the  context  of  NF1
ill  upgrade  clinical  care  and  improve  the  quality  of  life  of
F1  patients.

The  previously  predicted  relationship  between  visibility
nd  quality  of  life4---8 was  confirmed  in  the  present  study.  The

ajority  of  participants  identified  themselves  as  degree  3  on

he  visibility  self-evaluation  scale,  most  likely  because  those
ith  more  severe  clinical  conditions  were  more  interested

r
c
t
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n  engaging  in  research  and  understanding  their  condition.
lthough  the  distribution  of  the  mean  quality  of  life  score
id  not  differ  substantially  between  patients  with  disease
isibility  degrees  of  1,  2,  or  3,  the  authors  found  a  trend
oward  an  association  between  increased  NF1  visibility  and
orse  quality  of  life.  In  the  British  study,  INFI-QoL  scores
orrelated  moderately  with  clinical  disease  severity.10

The  positive  association  revealed  in  these  results
etween  schooling  and  quality  of  life  was  already  expected.
he  consequences  of  education  on  the  quality  of  life  are
omplex  and  span  numerous  areas  and  dimensions  of  life.
ccording  to  Edgerton  et  al.  (2012),  there  are  three  main

mplicit  ways  in  which  education  can  improve  a  person’s
uality  of  life:  (a)  acquiring  knowledge  and  analytical  skills
hat  can  be  used  to  direct  individuals’  behavior;  (b)  chang-
ng  individuals’  preferences  in  ways  that  allow  them  to

eorient  their  general  values  or  priorities;  and  (c)  reducing
onstraints  and  creating  opportunities.24 It  is  worth  men-
ioning  that  the  authors  cannot  estimate  the  contribution  of
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roblems  with  learning,  which  are  often  in  NF1,  to  difficulty
lling  out  the  research  form,  which  may  be  related  to  the
mall  participation  of  individuals  with  primary  education  in
his  study.

Family  history  was  unexpectedly  linked  to  the  INF1-QoL
cores.  When  a  disease  is  hereditary,  family  experiences  are
assed  down  across  generations.25,26 The  authors  believe
hat  it  may  be  easier  to  understand  and  accept  NF1  symp-
oms  when  other  family  members  are  affected  by  the  same
ondition.  Furthermore,  greater  awareness  regarding  health
are  and  legal  rights  relating  to  the  disorder  may  occur,
hich  may  reduce  some  practical  life  challenges  for  those
ffected.

This  study  has  some  limitations.  First,  it  is  a  cross-
ectional  study  and  therefore  does  not  address  a  cause-
nd-effect  relationship.  A  longitudinal  study  with  follow-up
ould  help  to  clarify  the  nature  of  the  associations  found  in

his  study.  Second,  the  data  collection  was  performed  using
elf-reported  measures.  Study  participants  were  recruited
rom  individuals  who  had  received  a  medical  diagnosis  of  NF1
nd  who,  as  a  result,  were  participating  in  virtual  communi-
ies  about  the  condition.  The  authors  relied  on  participants’
nformation  about  their  condition.  Furthermore,  all  parti-
ipants  filled  out  the  NF1  visibility  self-evaluation  scale,
hich  allowed  classifying  them  concerning  the  degree  of
F1  visibility  and  confirmed  that  all  had  café-au-lait  spots.
hus,  the  research  was  conducted  with  a  convenience  sam-
le,  undoubtedly  biased,  representing  people  with  access  to
he  Internet  and  social  networks,  which  makes  it  difficult  to
eneralize  these  study  results.  There  was  a  predominance  of
emale  participants,  maybe  because  they  were  more  likely
o  fill  out  the  form.

onclusion

he  results  of  this  study  corroborate  the  significant  impact
f  NF1  on  quality  of  life.  For  comprehensive  health  care  for
ffected  individuals,  the  authors  suggest  a  multidisciplinary
eam  follow-up  with  adherence  to  anticipatory  clinical  care
easures  to  identify  the  disease’s  main  complications  early

nd  offer  timely  treatment.  Adequate  pain  control  is  funda-
ental,  as  unrelieved  pain  generates  anxiety  and  physical

nd  emotional  stress,  in  addition  to  impairing  sleep,  social
ctivities,  and  cognitive  functions.

Furthermore,  genetic  counseling  may  help  in  adjusting
oles  and  life  perspectives  in  addition  to  supporting  deci-
ions  about  the  reproductive  future.  Healthcare  providers
hould  be  aware  of  the  possible  impact  of  the  disorder  on
sychological  distress  and  social  burdens,  and  psychological
ssistance  should  be  provided  for  patients  whenever  indi-
ated.
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