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ABSTRACT  

  

The  incidence  of  melanoma  is  increasing  faster  than  any  other  major  cancer  both  in  

Brazil  and  worldwide.  The  southeast  of  Brazil  has  especially  high  incidences  of  

melanoma,  and  early  detection  is  low.  Exposure  to  UV  radiation  represents  a  primary  

risk  factor  for  developing  melanoma.  Increasing  attractiveness  is  a  major  motivation  

for  adolescents  for  tanning.  A  medical  student-­delivered  intervention  that  harnesses  

the  broad  availability  of  mobile  phones  as  well  as  adolescents’  interest  in  their  

appearance  may  represent  a  novel  method  to  improve  skin  cancer  prevention.  We  

developed  a  free  mobile  app  (“Sunface”),  which  will  be  implemented  in  at  least  30  

secondary  school  classes,  each  with  21  students  (at  least  30  classes  with  21  

students  for  control)  in  February  2018  in  the  city  of  Itauna  (Brazil)  via  a  novel  method  

called  mirroring.  In  a  45-­minute  classroom  seminar,  the  students’  altered  three-­

dimensional  selfies  on  tablets  are  “mirrored”  via  a  projector  in  front  of  their  entire  

class,  showing  the  effects  of  unprotected  UV  exposure  on  their  future  faces.  External  

block  randomization  via  computer  is  performed  on  the  class  level  with  a  1:1  

allocation.  Sociodemographic  data,  as  well  as  skin  type,  ancestry,  UV  protection  

behavior  and  its  predictors  are  measured  via  a  paper-­pencil  questionnaire  before  as  

well  as  three  and  six  months  post-­intervention.  The  primary  endpoint  is  the  group  

difference  in  the  30-­day  prevalence  of  daily  sunscreen  use  at  a  six-­month  follow-­up.  

Secondary  endpoints  include  (1)  the  difference  in  daily  sunscreen  use  at  a  three-­

month  follow-­up,  (2)  if  a  self-­skin  exam  in  accordance  with  the  ABCDE  rule  was  

performed  within  the  six-­month  follow-­up  and  (3)  the  number  of  tanning  sessions.  
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Introduction  
  
According  to  the  World  Health  Organization,  the  incidence  of  melanoma  is  increasing  

more  rapidly  than  any  other  major  cancer  both  in  Brazil  and  worldwide.  Melanoma  is  

one  of  the  most  common  cancers  in  young  adults  and  poses  substantial  health  and  

economic  burdens  [1].    

Approximately   90%   of   melanomas   are   associated   with   UV   exposure,   in   particular  

with   the   frequency   of   severe   sunburns,   and   are   therefore   highly   preventable   [2].  

Multiple  studies  showed  that  daily  sunscreen  use  with  a  sun  protection  factor  (SPF)  

above   30,   as   recommended   by   international   dermatology   guidelines,   may   prevent  

sunburns  and  skin  cancer  including  melanoma  [3-­6].    

Brazil  has  one  of   the  highest  UV  indexes  on  earth;;  additionally,   tanning  is  culturally  

established   and   Brazilians   commonly   experience   unprotected   overexposure   to   the  

sun,   especially   in   their   childhood   and   teenage   years   [7-­11].   In   a   2008   population-­

based  survey  with  1,604  participants   in   the  south  of  Brazil,  48.7%  reported  at   least  

one   sunburn   in   the   prior   year   [10].   In   an   attempt   to   mitigate   the   health   damage  

caused   by   excessive   UV   exposure,   Brazil   was   the   first   country   to   prohibit   indoor  

tanning  in  2009,  albeit  with  limited  success  [9].  The  southeast  of  Brazil  (the  location  

of   this   study)   is   especially   populated   by   citizens   with   a   European   ancestry   and  

therefore  has  high   incidences  of  melanoma   (up   to  23.5/100,000   inhabitants)  with  a  

lack  of  early  diagnosis  and  an  overall  survival  below  worldwide  rates  [12-­15].    

Interventions   encouraging   sun   protection   habits   are   important,   particularly   among  

adolescents,   as   increased   risk   of   skin   cancer   is   associated   with   cumulative   UV  

exposure   and   sunburns   early   in   life   [16-­18].   In   line   with   this   association,   various  

recent   experimental   studies   to   test   these   effects   in   young   target   groups   aimed   at  
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promoting   sunscreen   use   as   an   end   point   [19-­22],   and   others   used   various   UV  

protection  behaviors  (including  avoiding  sunbeds)  or  behavior  scores  [23-­32].  Given  

the   substantial   amount   of   time   that   children   and   adolescents   spend   in   the   school  

environment,  addressing  skin  cancer  prevention  in  this  setting  is  crucial  and  provides  

a  unique  opportunity  to  propel  skin  cancer  prevention  programs  [33].  

Despite  the  effectiveness  of  daily  sunscreen  and  its  implementation  in  international  

dermatologic  guidelines  [34],  a  study  conducted  in  Brazil  among  398  medical  

students  from  the  city  of  Curitiba  showed  that  only  8.4%  use  sunscreen  daily,  4.3%  

had  already  used  tanning  beds  and  85.5%  had  past  sunburns  despite  having  

undergone  a  clinical  rotation  in  a  Dermatology  department  [8].  The  lack  of  exemplary  

behavior  among  prospective  physicians  regarding  skin  cancer  prevention  is  known  

on  a  global  scale  [35-­37].  The  authors  of  this  study  have  concluded  that  novel  

engagement  methods  are  needed  to  answer  the  increasing  demand  for  skin  cancer  

awareness  among  physicians.    

  

The  Sunface  mirroring  intervention  aims  to  provide  science-­based  skin  cancer  

prevention  to  a  large  number  of  adolescents  in  an  attempt  to  sensitize  prospective  

physicians  to  the  importance  of  exemplary  behavior  [38,  39].  

  

Current  knowledge  on  school-­based  skin  cancer  prevention  

Unhealthy  behavior  with  respect  to  UV  exposure  is  mostly  initiated  in  early  

adolescence  [40],  commonly  with  the  belief  that  a  tan  increases  attractiveness  [41-­

43]  and  the  problems  related  to  melanoma  as  well  as  skin  atrophy  are  too  far  in  the  

future  to  fathom.  
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A  recent  randomized  trial  with  Australian  high  school  students  demonstrated  that  

appearance-­based  videos  on  UV-­induced  premature  aging  were  superior  in  

encouraging  sunscreen  use  to  videos  of  the  same  length  focusing  exclusively  on  

health  aspects  [19].  These  findings  are  in  line  with  international  studies  

demonstrating  the  important  influence  of  self-­perceived  attractiveness  on  self-­esteem  

in  adolescence  [44,  45].  Furthermore,  enhancing  one’s  attractiveness  is  a  primary  

motivation  for  tanning  in  adolescents  both  in  Brazil  and  worldwide  [41,  46,  47].  In  

addition,  the  success  of  appearance-­based  photoaging  intervention  mobile  apps,  in  

which  an  image  is  altered  to  predict  future  appearance  in  the  fields  of  tobacco  and  

adiposity  prevention,  shows  promise  for  these  interventions  in  behavioral  change  

settings  [48-­53].  

In  the  setting  of  skin  cancer  prevention,  a  quasi-­experimental  study  by  Williams  et  al.  

demonstrated  significantly  higher  scores  for  predictors  of  sun  protection  behavior  in  

young  women  from  the  UK  (70  participants  in  total)  using  a  photoaging  desktop  

program  [54].  Furthermore,  the  photoaging  software  ‘showed  promising  reduction  in  

young  adults’  tanning  intentions  in  a  study  with  ten  participants  in  total  (7  female  and  

3  male)  [55].  However,  prior  studies  are  limited  by  their  small  sample  size  and  

limitations  related  to  expanding  the  target  population.    

  

Introduction  of  the  Sunface  app  

We   harnessed   the   widespread   availability   of   mobile   phones   and   adolescents'  

interest   in   appearance   to   develop   the   free   mobile   phone   app   "Sunface,"   which  

enables   the   user   take   a   selfie   and   then   offers   three   categories:   "daily   sun  

protection",  "no  sun  protection"  and  "weekly  tanning,"  showing  the  altered  face  at  5  

to  25  years  in  the  future  (Figure  1,  Figure  2,  Figure  3,  Figure  4).  All  effects  are  based  
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on  the  individual  skin  type  that  the  user  can  choose  at  the  start  of  the  app  (Figure  5).  

The  app  also  shows   the  most  common  UV-­induced  skin  cancers  via  extra  buttons  

and  calculates  how  the  odds  ratio   is   increased  with  different  behaviors.  In  addition,  

the  app  gives  advice  on  sun  protection,  explains  the  facial  changes  and  encourages  

skin   examinations   using   the  ABCDE   rule   (assess   border   irregularity,   color   variety,  

diameter,  and  evolution  [56]).    

  
Figure  1:  Effect  view:  25  years  of  skin  ageing  with  sun  protection.  

  



	
   8	
  

  
Figure  2:  Effect  view:  5  years  of  skin  ageing  with  sun  protection.  

  

  
Figure  3:  Effect  view:  5  years  of  weekly  tanning  without  sun  protection.  
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Figure  4:  Maximum  effect  view:  25  years  of  UV  damage  due  to  weekly  tanning.  

  

  
Figure  5:  Start  screen  of  the  app  prompts  the  user  to  pick  his  skin  type.  
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Afterwards,   the   app   offers   many   sharing   options   (animated   video   or   photo)   with  

family   and   friends.   By   this   means,   the   social   network   of   the   user   may   also   be  

informed   about   the   various   photoaging   effects   of   excessive   UV   exposure   and  

potential  health  consequences,  as  well  as  potentially   learning  about   the  benefits  of  

using  the  app  [57].  

To  produce  realistic  effects  (Figure  6)  and  to  show  the  user  realistic  odds  ratios  for  

the   options   they   choose   in   the   app   for   the   three   most   strongly   associated   skin  

pathologies,   an   extensive   review   of   the   current   literature   on   UV-­induced   skin  

damage   [58,   59]   was   conducted   for   each   specific   skin   type.   As   no   trials   with   25  

years  of  follow-­up  were  available,  we  had  to  extrapolate  the  current  evidence  on  UV-­

induced  skin  damage  for  the  specific  skin  types.  The  evidence  consists  of  more  than  

50   publications   to   create   realistic   effects   from   a   clinician’s   standpoint   (which  may  

differ  from  what  the  average  person  perceives  as  realistic).  

  

  
Figure  6:  Explanatory  graphic  of  the  effects  within  the  app.  
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We   recently   implemented   this   app   in   2   German   secondary   schools   via   a  method  

called  mirroring.  We   “mirrored”   the   students’   altered   3-­dimensional   (3D)   selfies   on  

mobile   phones   or   tablets   via   a   projector   in   front   of   their   entire   grade.   Using   an  

anonymous  questionnaire,  we  then  measured  sociodemographic  data  as  well  as  risk  

factors   for   melanoma   and   the   perceptions   of   the   intervention   on   a   5-­point   Likert  

scale  among  205  students  of  both  sexes  aged  13-­19  years  (median  15  years).  

In   our   pilot   study,   we   found   more   than   60%   agreement   in   both   items   measuring  

motivation   to   reduce   UV   exposure   and   only   12.5%   disagreement:   126   (63.0%)  

agreed  or  strongly  agreed  that  their  3D  selfie  motivated  them  to  avoid  using  a  tanning  

bed,  and  124  (61.7%)  agreed  or  strongly  agreed   to   increase  use  of  sun  protection;;  

only  25   (12.5%)  disagreed  with  both   items.  However,  no  effects  on  actual  behavior  

could   be   measured   due   to   the   cross-­sectional   design   of   the   study   [60].  

  

This  randomized  trial  was  designed  to  answer  the  following  questions:  

Is  the  implementation  of  the  app  in  secondary  schools  in  southeastern  Brazil  effective  

in  encouraging  daily  sunscreen  use  among  adolescents?  Is  it  equally  effective  for  

both  genders?  Is  it  effective  for  the  most  sensitive  skin  types?  How  does  the  app  

intervention  change  the  attitudes  towards  sun  protection  in  accordance  with  the  

theory  of  planned  behavior  [61]?    
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Methods  and  Analysis  

Study  Design  

The  Sunface  trial  is  designed  as  a  randomized  controlled  superiority  trial  with  two  

parallel  groups.  Our  primary  end  point  is  the  difference  between  the  two  groups  in  

daily  sunscreen  use  (past  30  days)  from  baseline  to  six  months  follow-­up  (Figure  7).  

The  planned  study  period  is  February  2018  to  November  2018.  The  study  groups  will  

consist  of  randomized  classes  receiving  the  intervention  and  control  classes  within  

the  same  schools  (no  intervention).  Randomization  is  externally  and  centrally  

performed  at  the  school  level  with  a  1:1  allocation  (control:intervention)  via  computer  

[12].  A  total  of  at  least  60  secondary  school  classes  in  Itauna,  Brazil  will  participate  in  

the  teacher-­supervised  baseline  survey  in  February  2018,  which  is  conducted  by  

trained  data  collectors.  One  week  after  the  baseline  survey,  the  intervention  classes  

receive  a  45-­minute  app-­based  intervention  conducted  by  local  medical  student  

volunteers.  Follow-­up  surveys  will  be  conducted  3  and  6  months  post-­intervention.  

  
Figure  7: Study  design.  



	
   13	
  

Intervention  

The  school-­based  intervention  under  evaluation  consists  of  a  45-­minute  educational  

module  in  the  classroom  setting  using  a  photoaging  app.  The  intervention  is  

presented  by  2  medical  students  per  classroom  to  approximately  21  students  at  a  

time.  The  goal  is  to  initiate  and  guide  the  student  evaluation  process  of  skin  cancer  

prevention  with  age-­appropriate  information  that  helps  the  students  reframe  positive  

opinions  and  views  regarding  sun  protection  habits  in  a  gain-­framed  and  interactive  

manner.    

To  integrate  app-­based  photoaging  interventions  into  a  school-­based  setting,  we  

previously  developed  and  tested  the  mirroring  approach  in  a  pilot  study  [49].  

Mirroring  means  that  the  students’  altered  three-­dimensional  selfies  on  smartphones  

or  tablets  are  “mirrored”  via  a  projector  in  front  of  the  entire  class.  The  mirroring  

approach  is  implemented  by  medical  student  volunteers  from  the  University  of  Itauna,  

who  receive  standardized  training  in  advance.  To  ensure  the  participation  of  all  

students  within  a  certain  class  and  to  avoid  contamination  within  schools,  we  will  

implement  the  mirroring  intervention  via  10  Samsung  Galaxy  Tablets  that  are  already  

set  up  and  brought  to  the  schools  by  the  volunteers.    

  

In  the  first  10-­minute  phase,  the  displayed  face  of  one  student  volunteer  is  used  to  

show  the  app’s  altered  features  in  the  three  categories  to  the  peer  group,  providing  

an  incentive  for  the  rest  of  the  class  to  test  the  app.  Students  can  interact  with  their  

own  animated  face  via  touch.  In  front  of  their  peers,  they  will  be  able  to  display  their  

image  as  a  non-­/sun  protection  user/weekly  tanning  bed  user  at  5,  10,  15,  20  and  25  

years  in  the  future  (see  Figures  1-­4).  Multiple  device  displays  can  be  projected  

simultaneously,  which  are  used  to  consolidate  the  altered  measures  with  graphics  

(e.g.,  to  explain  wrinkle  formation).  We  implement  mirroring  with  Galaxy  Tab  A  
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(Samsung)  via  Apple’s  proprietary  AirPlay  interface  using  the  Android  app  

“Mirroring360”  (Splashtop  Inc.).    

  

In  the  second  15-­minute  phase,  students  are  encouraged  to  try  the  app  on  one  of  the  

tablet  computers.  The  number  of  provided  tablet  computers  was  calculated  so  that  

the  phase  would  take  up  to  12  minutes  at  the  most  after  factoring  in  a  utilization  time  

of  approximately  4  minutes  per  student.  By  this  calculation,  25  minutes  of  the  

mirroring  intervention  and  10  provided  tablets  were  sufficient  to  have  every  student  

within  a  class  of  40  pupils  successfully  photoaged  at  least  once.  

In  the  following  15  minutes,  the  remaining  functions  of  the  app  are  discussed  with  the  

students:  facial  changes,  the  ABCDE  rule  and  the  guidelines  for  sun  protection  are  

addressed  in  an  interactive  setting.  At  the  end  of  the  classroom  seminar,  we  ask  for  

the  students'  final  judgments  on  daily  sunscreen  use  to  create  positive  peer  pressure  

and  influence  the  students’  subjective  norm  in  accordance  with  the  theory  of  planned  

behavior  [61].  

  

In  the  last  5  minutes,  the  perception  of  the  intervention  by  the  students  is  measured  

directly  after  the  intervention  in  an  anonymous  survey  on  a  5-­point  Likert  scale  via  

four  items:  (1)  “The  animation  of  my  3D  selfie  motivates  me  to  use  daily  sunscreen,”  

(2)  “I  learned  new  benefits  of  sun  protection,”  (3)  "The  intervention  motivates  me  to  

check  my  skin  with  the  ABCDE  rule  in  the  next  six  months,"  and  (4)  “The  intervention  

was  fun.”  

  



	
   15	
  

Participants  

Eligibility  criteria  at  baseline  

Students  from  Itauna  in  southeast  Brazil  attending  grades  6  to  12  in  all  types  of  

regular  secondary  school  are  eligible.    

Contaminated  classes  

All  classes  will  be  included  in  the  final  intention-­to-­treat  analysis.  However,  app  use  

will  be  assessed  in  both  groups  at  six  months  follow-­up  to  assess  contamination  of  

control  classes  and  will  be  the  basis  for  a  secondary  (sensitivity)  analysis  with  the  

methods  described  in  the  Analysis  section  of  this  protocol.  

 

Procedure  

The  schools  are  recruited  via  E-­mail,  telephone  and  personal  appointment  (in  most  

cases  with  the  principal).  Reasons  for  non-­participation  are  not  recorded.  Data  are  

collected  via  a  paper-­pencil  questionnaire.  In  addition  to  sociodemographic  data  

(age,  gender  and  school  type),  the  questionnaire  captures  the  Fitzpatrick  skin  type,  

the  ancestry  of  the  school  students  [62]  and  the  frequency  of  sunscreen  use  in  the  

past  30  days  as  well  as  other  sun  protection  behaviors.  These  items  are  based  on  

the  Sun  Exposure  and  Protection  Index  questionnaire  [63]  and  were  either  used  in  

their  original  form  or  adapted  to  the  specific  circumstances  of  the  present  study  (the  

final  questionnaire  is  included  as  an  Appendix  in  the  end  of  this  file).  No  Portuguese  

equivalents  of  the  instruments  were  available;;  thus,  we  used  the  Conceptual  Method  

for  translation  described  by  the  WHO/UNESCAP  Project  on  Health  and  Disability  

Statistics  [64].  Newly  translated  and/or  modified  items  were  extensively  pretested  

and  subjected  to  statistical  analyses  (internal  consistency/Cronbach's  α  and  
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exploratory  and  confirmatory  factor  analyses,  which  represented  the  basis  for  item  

selection).    

Data  Collection  

Each  data  collector  received  training  for  data  collection  and  was  required  to  use  an  

adapted  standardized  protocol  for  data  collection,  an  optimized  version  of  that  used  

in  the  Smokerface  randomized  trial  [65].    

 
Cluster  randomization  

In  accordance  with  the  guidelines  for  good  epidemiologic  practice,  classes  within  

schools  are  externally  and  centrally  randomly  assigned  to  the  control  or  intervention  

group  via  block  randomization  in  a  1:1  ratio  (control:intervention)  via  computer  by  a  

statistician  at  the  University  of  Duisburg-­Essen,  Germany.  Stratification  will  be  

performed  by  grade.  

  

Outcomes  

The  primary  endpoint  is  the  difference  in  the  30-­day-­prevalence  of  daily  sunscreen  

use  between  both  groups  at  six  months  follow-­up.  Secondary  endpoints  include  the  

difference  in  daily  sunscreen  use  at  three  months  follow-­up  if  a  self-­skin  exam  in  

accordance  with  the  ABCDE  rule  [56]  was  performed  within  the  six-­month  follow-­up  

and  the  number  of  tanning  sessions  in  the  past  30  days.  For  all  end  points,  the  

number  needed  to  treat  will  also  be  calculated.  A  daily  sunscreen  user  is  defined  as  a  

pupil  who  claims  to  have  used  sunscreen  daily  or  almost  daily  in  the  30  days  

preceding  the  survey.    
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Statistical  considerations  
  

Sample  size  calculation  

We  calculated  sample  sizes  of  630  in  the  intervention  group  and  630  in  the  control  

group,  which  were  obtained  by  sampling  30  classes  with  21  students  each  in  the  

intervention  group  and  30  classes  with  21  students  each  in  the  control  group  to  

achieve  80%  power  to  detect  a  prevalence  difference  between  the  groups  of  5%.  The  

daily  sunscreen  prevalence  was  assumed  to  be  6%  under  the  null  hypothesis  and  

11%  under  the  alternative  hypothesis  based  on  a  small  pilot  survey  with  150  students  

in  Itauna.  The  test  statistic  used  is  the  two-­sided  score  test  (Farrington  &  Manning).  

The  significance  level  of  the  test  is  0.05.  Normal  class  size  in  Brazil  is  35  pupils;;  a  

lost  to  follow-­up  effect  of  40%  was  taken  into  account.  

  

Data  entry  

Data  entry  will  be  supported  by  the  current  software  version  of  Formic  Fusion  by  

Xerox  AG  (Kloten,  Switzerland)  and  the  recommended  scanners.  

  

Analysis  

To  examine  baseline  differences  in  pupils’  characteristics  in  our  experimental  design,  

we  will  use  χ2  tests  for  categorical  variables  and  t-­tests  for  continuous  variables.  To  

test  for  between-­group  differences  in  baseline  and  follow-­up  daily  sunscreen  use  in  

the  past  30  days,  we  will  use  a  cluster-­adjusted  Mantel-­Haenszel  χ2  test  [66]  with  a  

significance  level  of  5%  (two-­sided).  For  the  main  analysis,  HLM  (hierarchical  linear  

models)  will  be  applied.  HLM  can  handle  the  nested  structure  of  the  data  and  will  be  

used  to  test  for  between-­group  differences  in  within-­group  changes  in  sun  protection  

behavior  over  time.  HLM  will  also  be  used  to  investigate  the  influence  of  further  
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covariates  (such  as  gender,  European  ancestry  and  skin  type)  and  time-­dependent  

behavior  in  secondary  analyses.  Statistical  analyses  will  be  performed  using  SPSS  

Statistics  (IBM  Corporation,  New  York,  USA).  

The  effect  that  missing  data  may  have  on  results  will  be  assessed  via  sensitivity  

analysis.  Dropouts  (essentially  participants  who  withdraw  consent  for  continued  

follow-­up  or  who  are  missing  from  the  classroom  during  the  survey)  will  be  included  

in  the  analysis,  and  multiple  imputation  will  be  used  to  estimate  the  treatment  effect  

[67].  

  

Discussion  

This  is  the  first  cluster-­randomized  school-­based  trial  on  photoaging  skin  cancer  

prevention  and  the  first  trial  on  medical  student-­delivered  school-­based  skin  cancer  

prevention  worldwide.  While  classic  health  educational  school-­based  approaches  in  

skin  cancer  prevention  were  evaluated  as  inferior  to  appearance-­based  approaches  

[19],  there  is  a  global  lack  of  novel,  innovative  strategies  that  harness  current  

technology  while  taking  widely  accepted  theories  for  behavioral  change  into  account  

[61].  Although  multiple  studies  have  shown  that  skin  cancer  risk  is  predominantly  

associated  with  sun  exposure  early  in  life,  there  is  often  a  lack  of  awareness  in  risk  

groups.  

Thus,  this  trial  provides  the  opportunity  to  evaluate  an  innovative,  highly  scalable,  

appearance-­based  intervention  in  a  high-­risk  population.  It  will  also  provide  data  to  

estimate  whether  photoaging  mobile  apps  have  the  potential  to  be  broadly  

implemented  in  schools  via  the  mirroring  intervention  but  also  via  other  avenues  (i.e.,  

posters  [65]  or  smartphone-­based  advertising  campaigns  in  the  App  Store  and  

Google  Play  Store)  or  could  be  a  valuable  addition  to  existing  educational  programs.  
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Additionally,  because  it  is  delivered  by  medical  students,  this  trial  also  sensitizes  

future  physicians  to  the  importance  of  skin  cancer  prevention,  highlighting  their  

associated  responsibilities  within  communities  [35,  68].  

According  to  the  theory  of  planned  behavior  (TPB),  the  subjective  norm  and  the  

expected  self-­efficacy  of  the  participants  play  a  substantial  role  in  their  resulting  

behavior.  For  example:  What  do  their  peers  think  about  tanning?  Is  the  result  of  

tanning  regarded  as  attractive  and  does  it  therefore  increase  one’s  chances  of  finding  

a  boy/girlfriend?  How  likely  is  it  that  a  behavioral  change  can  positively  influence  this  

reaction?  The  mirroring  intervention  triggers  strong  reactions  of  the  peer  group  of  the  

individual  participant  towards  their  photoaged  future  self  (=affecting  subjective  norm)  

but  also  illustrates  the  power  of  one’s  own  behavioral  change  (and  thereby  increases  

one’s  expectation  of  self-­efficacy,  another  predictor  of  the  TPB)  to  influence  this  

reaction  by  peers  [49].    

Limitations  

Because  this  study  is  conducted  only  in  Brazil,  the  results  may  not  be  generalizable  

to  other  cultural  or  national  settings.  However,  the  theoretical  basis  for  this  

intervention  (the  theory  of  planned  behavior)  has  been  proven  to  apply  to  most  

cultural  contexts  around  the  globe  [61].  As  this  trial  enrolls  approximately  10  different  

public  schools,  it  should  be  representative  for  most  school  types.    

We  must  choose  classes  and  not  schools  as  a  cluster  due  to  sample  size  limitations;;  

thus,  cluster  effects  cannot  be  entirely  excluded.  However,  multiple  steps  are  taken  

to  limit  contamination  between  the  control  and  intervention  classes  (i.e.,  the  name  of  

the  app  is  not  mentioned  to  the  pupils  by  the  trained  medical  students,  and  the  

teachers  of  the  control  classes  are  strictly  prohibited  to  talk  about  the  intervention  
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with  their  students).  Cluster  effects  are  also  monitored  in  the  endline  questionnaire  

and  provide  a  basis  for  a  sensitivity  analysis.  

Some  students  may  find  the  effects  of  the  Sunface  App  unrealistic,  as  indicated  in  

our  recently  published  pilot  study.  However,  this  does  not  appear  to  attenuate  

motivation  to  adhere  to  UV  protection  behavior  [60].  

In  summary,  we  evaluate  the  long-­term  effects  on  behavior  of  a  novel  method  that  

integrates  photoaging  in  a  school-­based  skin  cancer  prevention  program  in  a  

population  with  a  high  risk  for  developing  skin  cancer.  The  program  affects  the  

students’  peer  group  and  also  considers  predictors  for  tanning.    

  

Ethics  and  Dissemination  

Participation  is  voluntary  and  oral  consent  is  sufficient.  We  are  asking  for  this  Ethics  

Committee  to  waive  the  necessity  for  informed  written  consent  because:  1)  this  is  not  

a  biomedical  intervention  itself  (ie,  the  main  focus  of  the  project  is  educational,  and  

the  project  does  not  include  any  medication,  laboratory  test,  or  biological  material);;  2)  

the  information  collected  will  be  non-­identifable  (identification  of  the  same  

respondents  at  each  time  point  will  be  made  with  a  self-­generated  identification  code,  

permitting  an  anonymous  means  to  track  respondents  over  the  multiple  data  

collection  points).  All  participant  information  will  be  stored  in  locked  file  cabinets  in  

areas  with  limited  access.  Results  will  be  disseminated  at  conferences,  in  peer-­

reviewed  journals  and  on  our  websites.    
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Appendix  –  Questionnaire  

  
Dear  student,    
  
Surveys   about   sun   exposure   are   conducted   in   several   schools   across   Brazil.   Your  
participation   in   this   survey   is   voluntary  and   this  questionnaire   is  anonymous.  Accordingly,  
please   give  honest   answers,   otherwise   the   whole   survey  makes   no   sense.   Nobody   else  
than   the   researchers   conducting   this   survey   will   see   your   questionnaire.   And   even   the  
researchers   do   not   know   who   you   are   as   they   can   see   only   your   code.   Consequently,  
nobody   will   know   that   you   filled   out   this   questionnaire.  Please   start   by   creating   your  
personal  code:  
  
�      Take  the  first  and  the  last  letter  of  the  first  name  of  your  mother  (in  case  your  mother`s  

name  was  Anne  this  would  be  AE)    
    
�      Afterwards,  take  your  day  of  birth  (if  it  was  5th  of  March  it  would  be  05)  
  
�      Finally,  take  the  the  first  and  the  last  letter  of  your  first  name  (if  your  name  is  Rafael,  

this  would  be  RL)  
  
In  this  example  your  Code  would  be  A  E  0  5  R  L  
  
Please  now  enter  your  personal  code  in  the  same  manner  into  these  boxes:     
  

0  0  0  0  0  0  
Today's  date:  ____/____/_____    
  
There  is  no  "right"  or  "wrong"  answer  for  the  questions.  Please  answer  each  question  based  
on  your  own   judgment  and  not  based  on  how  you   think  others  would   like  you   to  answer   it.  
Read  the  questionnaire  carefully  before  answering,  but  trust  your  first  thought  when  ticking  a  
box  -­  the  first  response  that  crosses  our  mind  is  usually  the  most  appropriate  one!    
  
Check  only  one  box  for  each  question!  
  
1)  Gender:           male           female  
  
  
2)  Your  age  (in  years):  o10      o11      o12      o13      o14      o15      o16      o17      o18      o19      o20  
  
  
3)  Was  at  least  one  of  your  parents  or  grandparents  born  in  Europe?         yes         no  
  
  
4)  I  use  a  smartphone:         yes         no  
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5)  During  the  past  30  days,  on  how  many  days  did  you  use  sunscreen?    
  
  Daily    
  Almost  daily  
  Sometimes  
  Rarely  
  Never  

  
  
6)  Do  you  think  a  tan  looks  attractive?  
  
  yes  
  no  
  not  sure  

  
  
7)  Do  you  think  tanning  makes  you  look  attractive?  
  
  yes  
  no  
  not  sure  

  
  
8)  Overall,  would  you  say  tanning  is  healthy  for  you?  
  
  yes  
  no  
  not  sure  

  
  
9)  What  is  the  most  important  reason  for  you  to  tan?  
  
  It  is  healthy  for  me  
  It  makes  me  look  more  attractive  
  It  helps  me  to  relax  
  Other  reason  that  is  not  listed  here  
  I  do  not  tan    

  
  
10)  How  often  do  you  tan?    
  
  At  least  once  a  month    
  At  least  once  every  3  months    
  At  least  once  every  6  months  
  At  least  once  a  year  
  I  do  not  tan    

  
  
11)  How  do  you  usually  tan?    
  
  In  a  sunbed    
  In  the  sun,  using  a  tanning  lotion  that  contains  sunscreen    
  In  the  sun,  using  a  tanning  lotion  that  does  not  contain  sunscreen    
  In  the  sun,  without  tanning  lotion    
  I  do  not  tan    
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  I  tan  using  other  method.  11.2)  Which?  ____________________________    
                               
  
12)  Have  you  used  the  sunbed  at  least  once  in  your  life?           yes           no  
  
  
13)  Have  you  had  a  sunburn  at  least  once  in  your  life?           yes           no  
  
  
14)  Have  you  had  a  sunburn  with  blistering  at  least  once  in  your  life?           yes           no  
  
  
15)  Your  eye  color  is:  
  
  Light  blue,  light  gray  or  light  green  
  Blue,  gray  or  green  
  Hazel  or  light  brown    
  Dark  brown  
  Brownish  black  

  
  
16)  Your  natural  hair  color  is:  
  
  Red  or  light  blonde  
  Blonde  
  Dark  blonde  or  light  brown  
  Dark  brown  
  Black  

  
  
17)  Your  natural  skin  color  (before  sun  exposure)  is:  
  
  Ivory  white  
  Fair  or  pale  
  Fair  to  beige,  with  golden  undertone  
  Olive  or  light  brown  
  Dark  brown  or  black  

  
  
18)  How  many  freckles  do  you  have  on  unexposed  areas  of  your  skin?  
  
  Many  
  Several  
  A  few  
  Very  few  
  None  

  
19)  How  does  your  skin  respond  to  the  sun?  
  
  Always  burns,  blisters  and  peels  
  Often  burns,  blisters  and  peels  
  Burns  moderately  
  Burns  rarely,  if  at  all  
  Never  burns  
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20)  Does  your  skin  tan?  
  
  Never  -­-­  I  always  burn    
  Seldom  
  Sometimes  
  Often  
  Always  

  
  
21)  How  deeply  do  you  tan?  
  
  Not  at  all  or  very  little  
  Lightly  
  Moderately  
  Deeply  
  My  skin  is  naturally  dark  

  
  
22)  How  sensitive  is  your  face  to  the  sun?  
  
  Very  sensitive  
  Sensitive  
  Normal  
  Resistant    
  Very  resistant/Never  had  a  problem  

  
  
23)  How  often  do  you  sunbathe  with  the  intention  to  get  tanned?    
  
  Never    
  Seldom    
  Occasionally    
  Often    
  Always  

  
  
24)  How  many  times  have  you  been  sunburnt  (redness  and  smarting  pain)  during  the  
last  12  months?    
  
  None    
  1-­2  times    
  3-­5  times    
  6-­10  times    
  More  than  10  times  

  
  
25)  How  long  do  you  usually  stay  in  the  sun  (on  average),  between  11  am  and  3  pm,  on  
a  typical  day-­off?  
  
  <  30  min  
  30  min  –  1  hour    
  1-­2  hours    
  2-­3  hours    
  >  3  hours  
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26)  How  often  do  you  take  a  holiday  with  the  intention  of  spending  more  time  in  the  
sun?  
  
  Never    
  Seldom    
  1-­2  weeks  a  year    
  3-­5  weeks  a  year    
  >  5  weeks  a  year  

  
  
27)  When  in  the  sun,  how  often  do  you  use  sunscreens?  
  
  Always  
  Often  
  Occasionally  
  Seldom  
  Never  

  
  
28)  When  in  the  sun,  how  often  do  you  use  covering  clothes  for  sun  protection?  
  
  Always  
  Often  
  Occasionally  
  Seldom  
  Never  

  
  
29)  When  in  the  sun,  how  often  do  you  use  a  sun  hat  or  cap  for  sun  protection?  
  
  Always  
  Often  
  Occasionally  
  Seldom  
  Never  

  
  
30)  How  often  do  you  stay  indoors  or  in  the  shade  in  order  to  protect  yourself  from  the  
sun?  
  
  Always  
  Often  
  Occasionally  
  Seldom  
  Never  

  
  
31)  During  the  past  6  months,  how  many  times  did  you  examine  your  skin  looking  for  
alterations  (such  as  unusual  spots,  skin  cancer)?    
  
  not  at  all       
  once  
  more  than  once  
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32)  How  many  tanning  sessions  did  you  have  in  the  past  30  days?  
  
  None  
  1  session  
  2  sessions  
  3  sessions  
  4  sessions  
  5  or  more  sessions  


