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 Abstract: 
 Visual  impairment  is  currently 
 suffered  by  253  million  people  and 
 leads  to  blindness  in  15%  of  cases. 
 Among  them,  cataract  is  the  main 
 cause  in  the  world  and  Indonesia 
 (52%),  which  could  be  prevented. 
 Although  actions  have  been  taken 
 in-order  to  manage  cataract,  the 
 number  is  increasing  0.1%  yearly,  thus 
 we  conducted  a  systematic  review  of 
 11,377  subjects  in  11  case-control 
 studies  from  PubMed  and 
 EBSCOhost  in-order  to  know  the  risk 
 factors  of  nuclear  sclerotic  cataract 
 (NSC),  the  most  common  cataract  in 
 the  world,  hence  reduce  incidence 
 and  prevalence  of  it  and  blindness. 
 Full  article  study  texts  were  assessed 
 with  STROBE’s  criteria  for  further 
 review.  Within  study,  we  concluded 

 three  preventable  risk  factors  of  NSC. 
 Sunlight  exposure  which  is  gained  by 
 being  outside  for  leisure  (OR=1.45)  or 
 work  (OR=1.75),  could  even  elevate 
 the  risk  up  to  4.19  folds  due  to  the 
 glycation  process  which  occurs  with 
 the  help  of  UV  light.  Diabetes  is  also 
 linked,  both  acute  (OR=1.66)  and 
 more  dangerous  chronic  (OR=3.71) 
 because  of  the  retinopathy 
 mechanism.  Furthermore,  alcohol 
 (OR=1.18)  and  smoking  (OR=5.44)  are 
 also  responsible  for  elevating  the  risk. 
 However,  a  healthy  diet  with 
 complete  vitamins  and  low 
 triglycerides,  uric  acid,  and  creatinine 
 are  proven  to  be  able  to  cut  the  risk 
 of  NSC  by  half.  Thus,  we  would  like  to 
 increase  awareness  of  primary 
 health-care  workers  and  the 
 community  itself  to  educate  the 
 community  about  the  risk  factors  of 
 NSC  in-order  to  reduce  its  incidence 
 and  prevalence  rate  as  a  step  to 
 achieve  WHO’s  “VISION  2020:  The 
 Right to Sight.” 

 Keywords:  cataract, lifestyle, nuclear 
 sclerotic, protective factors, risk 
 factors 

 Introduction: 
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 Visual  impairment,  especially 
 blindness  is  a  prolonged-major 
 problem  worldwide  among  adults. 
 According  to  the  World  Health 
 Organization  (WHO)  and 
 International  Agency  for  the 
 Prevention  of  Blindness  (IAPB),  253 
 million  world  population  are  visually 
 impaired,  dominated  by  adults  –  36 
 million  are  blind  including  3  million 
 Indonesians,  highest  in  South-East 
 Asia.  1,2  This  could  be  caused  by  the 
 fact  that  Indonesia  is  both  a 
 developing  and  tropical  country, 
 which  speed  up  the  occurrence  of 
 cataract  by  approximately  15  years. 
 Among  1.5%  blind  Indonesians,  52% 
 are  caused  by  cataract  which  is 
 acquired  by  1.8%  of  the  population 
 and  contribute  to  blindness  more 
 than  any  other  diseases  combined 
 such  as  glaucoma  and  refractory 
 impairment.  2 

 However,  80%  of  blindness  causes 
 could  be  prevented  and  cured 
 beforehand,  including  cataract.  WHO 
 has  taken  efforts  to  eliminate 
 avoidable  blindness  through  “VISION 
 2020:  The  Right  to  Sight”  –  a 
 long-time  aimed  program  by  the  end 
 of  the  year.  Indonesia's  government 
 has  also  done  several  steps  in-order 
 to  support  those  programs,  including 
 donating  US$  72,762,237  yearly  to 
 fund  a  quarter  of  total  80,744 
 cataract  operations  performed  yearly. 
 Although  actions  have  been  taken, 

 the  number  of  blindness  incidence  in 
 Indonesia  is  still  climbing  up  to  now 
 with  210,000  (0.1%)  additional 
 population  getting  blind  each  year  – 
 which  can  be  interpreted  as  one 
 person  going  blind  as  a  minute 
 passes  by.  2  Thus,  we  conducted  a 
 scientific  review  to  identify  risk  and 
 protective  factors  of  cataract  which 
 could  be  prevented  and  applied  to 
 reduce  incidence  and  prevalence  of 
 cataract  which  could  lead  to 
 blindness.  Moreover,  we  choose  to 
 study  nuclear  sclerotic  cataract  (NSC) 
 further  because  it  is  three  times 
 more  likely  to  occur  than  other  types 
 of  cataracts,  which  makes  it  the  most 
 common  cataract  in  the  world  and 
 Indonesia.  3 

 Since  the  early  1970s,  interest  in 
 improving  the  end-of-life,  palliative, 
 and  hospice  care  of  patients  has 
 progressed  from  being  the  concern 
 of  a  limited  group  of  healthcare 
 professionals  to  being  the  concern  of 
 the  entire  international  healthcare 
 community.  While  these  three  types 
 of  care  are  defined  differently,  they 
 essentially  comprise  the  idea  of 
 providing  holistic  care  to  patients 
 who  are  about  to  succumb  to  death, 
 as  well  as  to  their  family  members  (1). 
 The  provision  of  this  care  is  classified 
 based  on  age  (adult,  geriatric,  or 
 pediatric  patients)  and  occurs  in 
 settings  such  as  hospitals,  nursing 
 homes,  and  patient  homes.  However, 
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 the  implementation  of  this  care  has 
 been  severely  challenged  during  the 
 COVID-19  pandemic  due  to  the 
 associated  surge  in  patients  needing 
 palliative and hospice care. 

 Methods: 

 In  order  to  determine  factors 
 contributing  to  development  of 
 nuclear  sclerotic  cataract  among 
 adults,  we  conducted  a  systematic 
 review  of  large  case-control  studies 
 based  on  PRISMA  statement  from 
 PubMed  and  EBSCOhost  using  the 
 keywords  “nuclear  OR  sclerotic”, 
 “cataract”,  “risk  factor  OR  risk  OR 
 cause”,  “case-control  OR  case 
 control”.4,5  Searching  was  done  in 
 November  2018.  Afterward,  inclusion 
 criteria  were  set  to  filter  the  results 
 including:  case-control  study, 
 studying  NSC,  adult  subject,  study 
 identifying  preventable  risk  factors  or 
 applicable  protective  factors  among 
 adults  population.  In  addition, 
 exclusion  criteria  were  also  set: 
 immunocompromised  patients, 
 unauthentic  articles,  not  accessible 
 articles,  and  written  in  languages 
 other  than  English  and  Bahasa.  We 
 did  not  set  a  time  range  for  selected 
 studies  to  ensure  sensitivity  of  our 
 search.  Subsequently,  we  set 
 necessary  data  to  be  extracted  from 
 articles  including:  author  and  year  of 
 publication,  study  design,  location  of 
 study,  sample  size  and  ratio,  subject 

 mean  or  range  of  age,  method  of 
 analysis,  and  outcome  which  is 
 picturized  by  odds  ratio  for  each 
 factor.  Finally,  the  articles  will  be 
 assessed  through  “Strengthening 
 the  Reporting  of  Observational 
 Studies  in  Epidemiology”  /  STROBE’s 
 criteria  of  case-control  study  which 
 includes  22  criteria  in  which  1  point  is 
 given  for  every  criterion  met.  In  this 
 study,  we  did  not  find  any  potential 
 confounding  factor,  thus  matching 
 was  not  necessary.  The  quality 
 assessment  was  conducted  by  two 
 reviewers  collaboratively  and 
 concluded  after  consensus  was 
 reached. 

 Results: 

 The  search  was  conducted  via 
 PubMed  and  EBSCOhost.  Titles  were 
 screened  for  relevancy  and 
 duplication.  Contents  were  screened 
 for  inclusion  and  exclusion  criteria. 
 Articles  that  went  over  criteria  were 
 fully  assessed  for  eligibility  and  study 
 design.  Last,  11  suitable  case-control 
 articles  were  reviewed  and  included 
 in  this  systematic  review.  Articles 
 were  assessed  with  STROBE’s  criteria 
 to  ensure  it  was  in  good  quality.  Due 
 to  limitation  of  page  count,  STROBE 
 results  of  all  articles  could  be  seen  in 
 Table  1.  The  holistic  process  can  be 
 seen  in  Figure  1,  while  the  included 
 study  design  and  characteristics  are 
 further shown in  Table 2  . 
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 Figure 1.  Flow chart of study search 
 strategy for this systematic review 

 DISCUSSION 

 Analysis of the study 

 There  are  plenty  of  risk  factors  which 
 are  preventable  and  associated  with 
 NSC.  However,  considering  the 
 feasibility,  page  limitation,  and 
 importance  based  on  the  quality  of 
 previously  assessed  studies,  we  list 
 three  preventable  risk  factors  and 
 one  feasible  protective  factor 
 contributing largest towards NSC. 

 Sunlight exposure 

 Various  studies  showed  that  sunlight 
 elevates  the  risk  of  NSC  dramatically. 
 Studies  by  Neale,  Pastor-Valero, 
 Rafnsson,  Williams  stated  that 
 exposure  to  sunlight  enhances  the 

 risk  by  2.80,  3.68,  4.19,  1.45  folds 
 respectively.  In  addition,  the  risk  also 
 applies  to  occupational  purposes 
 which  require  daily  outdoor  activities 
 –  could  be  seen  in  studies  held  by 
 Williams  that  job  location  in  sunlight 
 increases  the  risk  by  1.75  times.  More 
 detailed  occupations,  such  as  pilot 
 studies  by  Rafnsson  and 
 non-professional  studies  by  Leske 
 multiply  the  risk  by  3.02  and  1.96  folds 
 respectively.  In  addition,  wearing  no 
 sunglasses  outdoors  elevates  the  risk 
 by  1.30  folds  according  to  Neale. 
 However,  according  to  Mohan,  being 
 in  cloud  cover  could  reduce  the  risk 
 by 0.78 folds. 

 Those  findings  are  proven  to  be  true 
 as  chronic  sunlight  exposure  could 
 initiate  and  increase  oxidative  stress 
 in  the  eye.  Oxidative  stress  is  a 
 harmful  chemical  reaction  which 
 occurs  as  cells  take  oxygen  to  make 
 energy.  Eye  lens  consist  mainly  of 
 water  and  proteins,  lacking  of 
 organelles  and  oxygen,  which 
 minimize  the  risk  of  stress  to  happen. 
 However,  UV  light  contained  in 
 sunlight  could  replace  oxygen  role  in 
 oxidative  reactions  by  damaging  lens 
 protein  via  glycation  process,  which 
 could  scramble  and  clump  protein 
 together  to  form  a  cloudy  structure 
 of cataract.  17  In addition, people who 
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 has  either  or  both  of  light  colored 
 eyes,  photosensitization  drugs  (eg: 
 fluoroquinolones,  tetracycline,  birth 
 control  pills,  anti-malarial,  psoralens), 
 previous  cataract  surgery  should  be 
 extra  careful  as  those  traits  enhance 
 eye  proneness  towards  UV  light  in 
 sunlight.  18  Furthermore,  outdoor 
 occupations  and  living  in  tropical 
 countries  greatly  enhances  the 
 amount  of  UV  light  received,  thus 
 could increase the risk of NSC.  19 

 Diabetes 

 Diabetes  is  linked  with  the  elevation 
 of  NSC  risk.  Studies  by  Giuffre,  Neale, 
 Williams  concluded  that  diabetes 
 could  increase  the  risk  slightly  by 
 1.66,  1.66,  and  1.25  folds  respectively. 
 However,  prolonged  diabetes 
 increases  the  risk  dramatically  by  3.71 
 folds according to Miglior. 

 Diabetes  can  cause  NSC  through 
 retinopathy,  which  is  damage  and 
 proliferation  of  blood  vessels  which 
 affect  the  backside  of  the  eye  called 
 macula  in  the  retina  as  a 
 complication  of  blood  sugar  disease. 
 Retinopathy  could  cause  retinal 
 detachment,  permanent  vision  loss, 
 and  diabetic  macular  edema. 
 However,  retinopathy  is  suspected  to 
 affect  the  front  side  of  the  eye  by 
 secreting  growth  factors  which 
 supposedly  are  used  to  grow  new 
 vessels.  20  These  growth  factors  are 
 used  by  lens  protein  to  proliferate, 

 cramped,  and  forming  a  cloudy  layer. 
 In  addition,  75%  retinopathy  occur 
 after  the  fifth  year  of  diabetes,  thus 
 acute  diabetes  cause  much  less 
 impact  on  cataract  compared  to 
 chronic diabetes.  21 

 Alcohol and smoking 

 Consumption  of  alcohol  and 
 cigarette  smoking  are  found  to  be 
 associated  with  an  increased  risk  of 
 cataract.  In  studies  conducted  by 
 Miglior,  Phillips,  Neale,  Rafnsson, 
 Williams,  and  Leske,  smoking  was 
 found  to  be  associated  with  an 
 increased  risk  of  cataract  by  5.44,  1.11, 
 1.28,  1.92,  1.74,  and  1.68  folds 
 respectively.  In  addition,  the  studies 
 by  Miglior  and  Phillips  also  revealed 
 an  increased  risk  of  cataract  by  1.06 
 and  1.18  times  respectively  with  the 
 consumption of alcohol. 

 Alcohol  is  found  to  facilitate  the 
 production  of  reactive  oxygen 
 species  (ROS),  as  it  stimulates  the 
 activity  of  enzyme  cytochrome  P450s 
 which  is  believed  to  be  involved  in 
 ROS  production.  Furthermore,  the 
 product  of  its  metabolism  may 
 eventually  lead  to  ROS  generation  in 
 the  cell.  22  As  a  result,  such  conditions 
 contribute  to  the  development  of 
 oxidative  stress  in  the  body.  Similarly, 
 cigarette  smoking  is  also  linked  to 
 such  an  increase  in  oxidative  stress. 
 Cigarette  smoke  components, 
 especially  cigarette  tar,  are  found  to 
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 contain  high  levels  of  both  stable  and 
 unstable  free  radicals  and  ROS.  23 

 Moreover,  smokers  are  found  to  have 
 an  increased  level  of  cadmium  in 
 their  blood,  and  cadmium  could 
 subsequently  replace  metals 
 associated  with  the  enzyme 
 superoxide  dismutase  (SOD),  such  as 
 copper,  zinc,  and  manganese, 
 thereby  inactivating  the  enzyme.  24 

 SOD  is  an  enzymatic  antioxidant  the 
 function  of  which  is  to  remove  free 
 radicals  by  converting  them  to 
 harmless  products.  25  Reduction  in 
 SOD  enzymatic  activity  therefore 
 significantly  weakens  the  antioxidant 
 defense  mechanism,  increasing 
 ocular  lens  susceptibility  to  ROS.  The 
 double  effect  of  both  increased 
 oxidative  burden  and  decreased 
 protection  by  antioxidants  in 
 smokers  therefore  significantly 
 contributes  to  early  onset  of 
 cataractogenesis. 

 Nutrition 

 Research  and  various  studies  have 
 also  indicated  the  relationship 
 between  nutrition  and  cataract,  in 
 which  diet  and  nutrition  are  shown 
 to  have  an  important  role  in  helping 
 to  reduce  the  risk  of  cataract.  A  study 
 conducted  by  Leske  discovered  that 
 adequate  nutritional  intake  of 
 vitamin  A,  C,  E,  as  well  as  riboflavin, 
 niacin,  thiamine,  and  iron  is  linked 
 with  the  reduction  of  NSC  risk  by 

 0.45,  0.48,  0.66,  0.72,  0.57,  0.60,  and 
 0.59  folds  respectively.  This  shows 
 consistency  with  the  study  by 
 Ghanavati  which  concluded  that  a 
 healthy  diet  has  the  chance  of 
 reducing  the  risk  of  cataract  by  0.19 
 folds,  considering  fruits  and 
 vegetables  are  actually  main  sources 
 of  these  vitamins.  Tomatoes,  papaya, 
 and  oranges,  for  examples,  are 
 proven  to  have  a  high  content  of 
 vitamin  C.  26  On  the  other  hand, 
 Miglior  found  in  his  study  that 
 consumption  of  high  levels  of  uric 
 acid,  creatinine,  and  triglycerides  in 
 the  diet  multiply  the  risk  of  cataract 
 by  1.72,  2.16,  and  2.32  folds 
 respectively. 

 The  findings  above  are  consistent 
 with  the  fact  that  several  vitamins, 
 such  as  vitamin  C  and  E,  can  act  as 
 antioxidants.  Moreover,  several  green 
 leafy  vegetables  are  also  found  to 
 contain  lutein  and  zeaxanthin,  which 
 also  have  important  antioxidant 
 properties.  26  Damage  to  the  ocular 
 lens  can  be  caused  by  the 
 photochemical  generation  of  reactive 
 oxygen  species,  commonly  known  as 
 oxygen  radicals,  eventually  leading  to 
 oxidative  stress  and  consequently, 
 cataract.  Antioxidants,  however,  are 
 able  to  react  with  these  free  radicals, 
 stopping  the  free  radicals  chain 
 reaction,  thereby  preventing  further 
 damage  done.  25  A  healthy  diet  which 
 includes  adequate  amounts  of 
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 vitamins  and  antioxidants,  especially 
 those  consisting  of  fruits  and 
 vegetables,  is  therefore  an  important 
 protective  factor  to  fight  against  the 
 risk of cataract. 

 Strengths  and  limitations  of  the 
 study 

 This  study  is  a  primary  review  to  give 
 readers  a  broad  image  about  nuclear 
 sclerotic  cataract  conditions 
 worldwide  and  factors  which  may 
 precipitate  or  easen  it.  This  study  is 
 expected  to  give  information  on 
 prevention  of  nuclear  sclerotic 
 cataract  occurrence.  However,  the 
 exclusion  of  inaccessible  and 
 unpublished  papers  limited  our 
 review.  In  addition,  heterogeneity  of 
 the  subjects  included  in  studies  and 
 places  studies  were  held  could  lead 
 to  limitation  on  generalizability  of 
 data. 

 Conclusion: 

 This  systematic  review  of  large 
 case-control  studies  is  conducted  to 
 analyze  preventable  risk  and 
 applicable  protective  factors  related 
 to  cataract,  focusing  primarily  on 
 NSC  as  the  most  common  cataract  in 
 Indonesia.  Based  on  the  above 
 review,  we  conclude  that  excessive 
 sunlight  exposure,  diabetes,  alcohol 
 and  smoking  are  important 
 preventable  risk  factors  contributing 
 to  incidence  of  NSC.  A  healthy  diet 

 and  good  nutrition,  on  the  other 
 hand,  may  help  to  reduce  the  risk  of 
 cataract  with  its  protective  traits. 
 Those  factors  are  expected  to  help 
 primary  health-care  workers  and 
 others  in  educating  the  community 
 in-order  to  reduce  the  incidence  and 
 prevalence  of  NSC  in  the  world, 
 especially  Indonesia,  thus  eradicating 
 preventable  blindness,  hence,  make 
 possible  WHO’s  aim:  “VISION  2020: 
 The Right to Sight.” 
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