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Cataract
 From few opacities in the eye lens (vision loss) 
to cataract surgery (blindness)



- Increasing with aging

- Prevalence : 50% in the population aged 65 years and 70% in 
those older than 85 years in industrialized countries

- Cortical

- Nuclear

- Subcapsular posterior (SCP)

- - Solar ultraviolet radiation exposure, diabetes, high BMI, 
smoking, corticosteroid use, ocular trauma

- - Ionizing radiation

Cataract

 First cause of vision loss in the world

 Risk factors

Context

 Several types



Ophtalmologic examination

Slit lamp+ pupillary dilatation

Coding : according to the type and the stage

different classifications (Merriam-Focht. LOCS. WHO. …)

Cataract
 Diagnosis



▌ Threshold has been decrease. based on results from
epidemiological studies

0.5 Gy

20 mSv/an
instead of 
150 
mSv/year

Radiation-induced cataracte since 2011



For cataracts in the lens of the eye induced by acute 
exposures. recent studies. where formal estimates of 
threshold doses have been made after long follow-up 
periods. indicate values of approximately 0.5 Gy with 
90–95% confidence intervals including zero dose. This 
is lower by a factor of 10 than deduced in earlier studies.
…
For fractionated and protracted exposures. values of 
approximately 0.5 Gy have been similarly deduced from 
recent studies. However. the evidence
pertaining to the latter exposures mainly refers to 
opacities rather than
cataracts impairing vision because the follow-up 
times are shorter in those studies.
…
For chronic exposure over several to many years. much 
of the evidence refers to minor lens opacities. 
Nonetheless. there is no indication that threshold 
accumulated doses are higher in this scenario. 



Epidemiological studies

Environmental exposure
Hiroshima/Nagasaki
Children living close to Tchernobyl
Contaminated buildings in Taiwan

Medical exposure
Diagnostic examinations

Occupational exposure
Chernobyl clean-up workers
Airline Pilots/Astronauts
 Industry radiographers
Radiological technologists
 Interventional radiologists and cardiologists



Nakashima et al 2005:

- 730 subjects
- Ophtalmic examination. LOCS II classification
- Median age at exposure: 10.5 yrs
- Median age at examination: 66.6 yrs
- Lens doses: <1 Sv for 79% of the population 

- PSC :
- OR/1 Sv= 1.44 (95% CI=1.19-1.73)
- Threshold: 0.7 Sv (<0; 2.8)

- Cortical:
- OR/1 Sv=1.3 (95% CI=1.10-1.53)
- Threshold: 0.6 Sv (<0; 1.2)

 Hiroshima Nagasaki survivors

Environmental exposure



 Hiroshima Nagasaki 

Neriishi et al 2007:

- 3800 subjects (age at exposure: 0-37.9 yrs) 
- Surgery for cataract 1986- 2005
- Prevalence study (no consideration of time)
- OR/Gy = 1.39 (95% CI.1.24–1.55) 
- Threshold=0.1Gy (<0; 0.8 ) Gy

Environmental exposure

Neriishi et al 2012:

- 6006 subjects (age at exposure: 0-54yrs) 
- Surgery for cataract 1986- 2005
- Incidence study (consideration of time)
- ERR/1 Gy = 0.32(0.2-0.47)
- Threshold=0.5Gy (0.1 Gy. 0.95) Gy



 Chernobyl

Day et al. 1995: 

- 996 children exposed/ 791 not exposed
- Ophtalmic examination. LOCS III
- Age at examination: 5-17 yrs
- 3.6% PSC exposed/ 1.1% PSC non exposed (p<0.0005) 

Environmental exposure

 Contaminated buildings Co60 / Taiwan 
Chen et al. 2001:

- 114 subjects with LOCS III and FLD classification. in 1998
- Mean age at examination: 24.8 yrs
- Increased frequency of lens opacities in those <20 yrs
in function of the dose (p=0.027) but not for older

Hsieh et al. 2010:
- 73 subjects (<20 years). 100 controls  with LOCS III and FLD classification. in 
2004
- FLD score increased 



 Diagnostic imaging : Head and neck CTs

Klein et al.1993
- Beaver Dam Eye Study; 4.926 adults

- Only CT scan associated with lens opacities

- OR PSC= 1.45 (CI 95%. 1.08-1.95)

- OR Nuclear=1.26 (CI 95%. 1.02-1.61)

- OR cortical= 1.17(CI 95%. 0.88-1.55)

Yuan et al.2013
- 2776 patients exposed to head CT/ 27 761 non exposed (based on 

Taiwan registry 1995-2009)   (1 CT = 50mSv to the lens)

- HR E/non E= 1.76 (95%CI. 1.2-2.6)

Medical exposure



 Chernobyl clean-up workers

Worgul et al 2007

Occupational exposure

Nb of subjects 8607

Mean age at exposure 32.7 yrs

Mean age at examination 44.9-47 yrs (Merriam Focht classification)

Median dose to the lens 123 mGy (94% < 400 mGy)

Results OR/1Gy=1.70 (95% CI. 1.22-2.38) all types
Threshold: 0.34 Gy ( 0.19 – 0.68)

OR/1Gy=1.42 (95% CI. 1.01-2.0) PSC
Threshold: 0.35 Gy ( 0.19 – 0.66)



 Astronauts

Cucinotta. 
2001

Rastegar. 
2005

Chylack. 
2009

Nb of subjects 295 21 E/395 NE 171 E/ 247 NE

Lens dose 0.2-91 mSv 15.1-129 mSv

Results HR=3.73 
p=0.012 for 
PSC and N at 
60 yrs

Increase of C 
and PSC 
opacities

Increase of C 
opacties
(p=0.015)

 Airline Pilots 

Rafnsson et al 2005:
- Nested case control study in a cohort of pilots
- 205 cases: 71 N. 102 C . 32 PSC /374 controls 
- WHO cataract classification
- Mean age cases=75yrs. controls=66 yrs; 
- lens doses: 0-48mSv
- Nuclear cataracts OR=4.19 (95% CI. 1.04-16.86) range dose 22-48 mSv/ NE

Occupational exposure



Lian et al 2015
- 1401 Chinese radiographers/1878 unexposed. followed for 12 years; 
- Lens doses: based on individual monitoring: mean dose 38.8 mGy
- Eyes examination

 Industry radiographers

Occupational exposure

Increased risk of cortical and PSC cataracts. No dose effect relationship



Little et al 2018 (US cohort of technologists) 

- 67246 technologists. mean follow-up : 12 years; 
- Lens doses: based on work history and badge monitoring: mean dose 55.7 mGy
- Cataract assessment: self report

 Medical workers: radiological technologists

Occupational exposure



Bernier et al 2017 (US cohort of technologists) 

- 42545 technologists. including 12 964 (30%) technologists 
working with Nuclear Medicine procedures; 

- Cataract assessment: self report

 Medical workers: radiological technologists

Occupational exposure

- Increased risk of cataract associated with Nuclear Medicine diagnostic and therapeutic
procedures
- No association with radiation protection techniques



 Medical workers: radiologists and interventional
cardiologists

Occupational exposure

Results in favor of an increased risk of early PSC cataracts



 European project EURALOC

- 11 countries involved (2014-2017)

- 393 interventional cardiologists / 243 non exposed

- LOCS III classification 

- Median lens doses: 151 mSv (max 2815 mSv) for left eye



EURALOC
 Prevalence of Posterior Subcapsular (PSC) lens opacities

All 
participants 

N=553

Interventional 
Cardiologists

N=318

Unexposed 
group
N=235

p-val.
OR (95% CI)

Adjusted on Age

Posterior Subcapsular N % N % N % OR 95% CI

PSC uni or bilateral 52 9.40 39 12.2 13 5.53 0.004 2.39 1.35 5.08

PSC Left 40 7.23 29 9.12 11 4.68 0.031 2.04 1.08 4.59

PSC Right 43 7.78 33 10.3 10 4.26 0.006 2.61 1.35 5.87

PSC bilateral 31 5.61 23 7.23 8 3.40 0.042 2.21 1.03 5.41



Model Parameters
Estimates 95% CI p-value

AIC

Linear non 
threshold 

(LNT) 

𝛼1
-5.265 -6.515 -4.015 0.000

439.331

𝛼2
-5.662 -8.101 -3.224 0.000

𝛼 𝐺𝑦ିଵ

(ERR) 1.308 0.127 3.320 0.025

𝜌 𝐴𝑔𝑒ିଵ

0.023 0.002 0.045 0.031

Linear 
Threshold

𝛼1
-5.258 -6.415 -4.090 0.000

441.33

𝛼2
-5.650 -8.081 -3.221 0.000

𝛼 𝐺𝑦ିଵ 1.327 0.134 3.334 0.023

𝜌 𝐴𝑔𝑒ିଵ

0.023 0.002 0.046 0.030

𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  𝐺𝑦
0.039 undefined 0.769 0.730

EURALOC
 Dose-response analysis for Posterior Subcapsular (PSC) lens opacities



Questions

Threshold or not threshold?
Few epidemiological studies provide estimates of treshold

However. evidence of a treshold is still debated
 Few studies calculating treshold

 Range from 0.3 to 1.5 Gy

 Wide intervals

 Caution needed : dosimetric uncertainties. methodological discrepancies

(outcomes. length of follow-up. age at exposure)

 Progression of lens opacities to true cataract?
 Results largely based on small lens opacities assessment

 Sparse results on follow-up of small opacities (AHS),  cataract surgery not always

reliable surrogate of cataract incidence

From Shore. Mutation Research 2016



Conclusion 

Epidemiological studies are in favour of radiation induced

cataract at low dose

 Acute and protracted low doses appear to be associated with increased

risk of cataract

However, evidence and level of a threshold is still debated

 Few studies calculating threshold

 Large confidence intervals

Dosimetric issues and epidemiological limits should be

taken into account in new studies



Thank you for your attention


