
Retinal  Imaging: A Convenient  Tool  To Study 
Microvascular  Responses  To Cardiovascular 
Disease  Risk Factors  And To Predict 
Hyper tension And Disease  Development

The eye i s  the c learest  and most  access ible  organ to obser ve anatomical  and physiologica l  character is t ics 
of  microvesse ls , the smal lest  b lood vesse ls  of  the c i rculator y  system. The microcirculator y  bed of 
the ret ina shares  s imi lar  anatomical  and physiologica l  character is t ics  with the cerebral  and coronar y 
c i rculat ions . Therefore, subt le  changes  in the ret inal  b lood vesse ls  can mirror  ear ly  cardio- and 
cerebrovascular  events  long before  their  c l inica l  manifestat ion (e.g. hyper tension) . 
 
Ret inal  images  contain information to develop quanti tat ive  diagnost ic  a lgor i thms for  morpholog y, 
physiolog y, and patholog y. Analys is  of  ret inal  images  a l lows quanti f icat ion of  many vascular  features : 
the Centra l  Ret inal  Ar ter io lar  and Venular  Equivalents  (CRAE & CRVE), morphologica l  features 
(branching, tor tuosi t y  and geometr ic  pattern of  the vascular  bed) , but  a lso smal l  changes  in the 
diameter  of  microvesse ls  in  response to disease  or  external  factors . Par t icular l y  CREA and CRVE have 
been associated with hyper tension, coronar y hear t  disease, s t roke, and type I I  diabetes  as  wel l  as  with 
acute  responses  to  environmental  (e.g. a i r  pol lut ion exposure)  and l i festy le  (e.g. smoking and physica l 
inact iv i t y)  r i sk  factors . 
 
We demonstrated in a  longitudinal  panel  s tudy with 52 heal thy individuals  aged 22 to 62 years  that 
shor t-term changes  in par t iculate  a i r  pol lut ion (PM10-concentrat ions  ranging from 9.16 µg/m³ to 
126.58 µg/m³)  caused a  s ignificant  narrowing of  the CRAE by 0.69 µm (95% CI= -1.13 µm to -0.26 µg; 
p  = 0.0032)  on the day fol lowing peak exposure. This  narrowing was equivalent  to  1.5 years  of  aging. 
The associat ions  were independent  of  indiv idual  character is t ics  such as  gender, age and BMI. The results 
indicate  that  microcirculator y  blood vesse ls  can be af fected by shor t-term changes  in a i r  pol lut ion, and 
may contr ibute  to  the development or  aggravat ion of  cardiovascular  disease, perhaps even induce events . 
 
To a l low for  a  more automated analys is  of  ret inal  images , we developed stand-alone sof tware which 
resul ts  in  a  faster, object ive, and more precise  grading of  large numbers  of  images . VITO embeds this 
tool  in  a  data  por ta l , which inc ludes  batch process ing and qual i t y  control . We are  explor ing i f  handheld 
ret inal  cameras  can replace heavier  and more expensive  tabletop cameras . I f  these  instruments  are 
interchangeable, then we can work towards  a  t ruly  mobi le  heal th solut ion. 
 
The unobtrus ive  nature  of  ret inal  imaging has  high potent ia l  for  fac i l i tat ing long-term, recurrent 
monitor ing of  the populat ion in epidemiologica l  set t ings , in  l ine with the P4-Medicine paradigm 
(Prevent ive, Personal ized, Par t ic ipator y  & Predict ive) . Also for  speci f ic  vulnerable  subpopulat ions  such 
as  e lder ly, pregnant  women, and school  chi ldren, the non-invas iveness  and ease  of  rout ine a l lows for 
wide deployment in large-scale, even populat ion-wide longitudinal  s tudies . 
 
Ret inal  imaging can a lso contr ibute  to  evidence-based populat ion heal th programs. I t  addresses  severa l 
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