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TopicsTopics

AtomicAtomic--bomb survivorsbomb survivors
Acute radiation effectsAcute radiation effects
Late effectsLate effects

CataractCataract
Growth and development, hyperparathyroidism Growth and development, hyperparathyroidism 
Cardiovascular and other adultCardiovascular and other adult--onset diseasesonset diseases

InIn--uteroutero exposureexposure
F1 F1 –– second generationsecond generation
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Acute Death &Acute Death &
““Acute Radiation SyndromeAcute Radiation Syndrome””

Acute radiation syndromeAcute radiation syndrome
Vomiting, diarrhea, bleeding, hair lossVomiting, diarrhea, bleeding, hair loss
Damage to the intestine, bone marrow, hairDamage to the intestine, bone marrow, hair--root root 
cells cells 

Acute death (within 2 months):Acute death (within 2 months):
50% acute mortality at 150% acute mortality at 1--1.2 km (Hiroshima) 1.2 km (Hiroshima) 
and 1and 1--1.3km (Nagasaki) from the hypocenter 1.3km (Nagasaki) from the hypocenter 
UNSCEAR estimate of 50% lethal dose at 60 UNSCEAR estimate of 50% lethal dose at 60 
days (LD50/60) days (LD50/60) ~~ 2.5 Gy; 2.5 Gy; >5 Gy if full medical >5 Gy if full medical 
care availablecare available
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Lens Opacity (Cataract)Lens Opacity (Cataract)
An early radiation An early radiation 
effects appearing 2effects appearing 2--3 3 
years after exposureyears after exposure

Partial opacity, most Partial opacity, most 
often of posterior lens, often of posterior lens, 
detected by slitdetected by slit--lamp lamp 
exams; rarely causing exams; rarely causing 
severe visual severe visual 
impairmentimpairment

Possible Possible ““thresholdthreshold””
dose level dose level ~ ~ 1.5 1.5 –– 2 2 SvSv
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Posterior Posterior LenticularLenticular OpacityOpacity
Possible MechanismPossible Mechanism

• Radiation  
especially harmful 
to dividing cells, at 
the equator

• Damaged cells 
move toward the 
rear of the lens 
before converging 
on the center 
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Lens Opacity As Late Effect Lens Opacity As Late Effect 
Lens Opacity Classification System II Lens Opacity Classification System II 
(LOCSII) for grading opacity(LOCSII) for grading opacity
AHS, 2000AHS, 2000--0202

1.44

1.30
1.071.07
1.011.01

Odd Ratio Odd Ratio 
per per SvSv

pp

nsnsNuclear colorNuclear color
nsnsNuclear opacityNuclear opacity

<0.001Posterior sub-capsular 
opacity

0.002Cortical cataract  

(Nakashima et al, 2006)

• Emerging 
evidence of 
long-term effect 
on aging-related 
cataract (cortical 
cataract)

• Lower or absent 
threshold dose 
level



77

Development and FertilityDevelopment and Fertility
Growth retardation Growth retardation 

Reduction in height Reduction in height 
and weight, ages 19and weight, ages 19--
27 yrs, among those 27 yrs, among those 
exposed at <10 yrs exposed at <10 yrs 
((OtakeOtake, 1994), 1994)
Apparent gender and Apparent gender and 
ageage--atat--exposure effect exposure effect 
(Nakashima, 2002)(Nakashima, 2002)

No radiation effect on No radiation effect on 
age at menarche or age at menarche or 
fertilityfertility

(Nakashima, 2002)
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Benign TumorsBenign Tumors

Excess risk of benign tumors or tumor Excess risk of benign tumors or tumor 
precursors for some known sensitive tumor precursors for some known sensitive tumor 
sitessites

Thyroid: NoduleThyroid: Nodule
Breast: Breast: ProliferativeProliferative disease, atypical hyperplasia disease, atypical hyperplasia 
Neural: Neural: SchwannomaSchwannoma
Salivary glands: Salivary glands: WarthinWarthin’’ss tumortumor
Stomach: PolypsStomach: Polyps

Intriguing sites/tissuesIntriguing sites/tissues
HyperparathyroidismHyperparathyroidism
Uterine Uterine myomamyoma
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HyperparathyroidismHyperparathyroidism

HyperparathyroidismHyperparathyroidism
Results from Results from 
increased parathyroid increased parathyroid 
hormone due to:hormone due to:

AdenomaAdenoma
HyperplasiaHyperplasia
CancerCancer

Suggestion of ageSuggestion of age--atat--
exposure effectexposure effect

(Fujiwara et al, 1992)
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Uterine Uterine MyomaMyoma

• Often called 
“fibroids”

• Originates from 
uterine muscle 
tissue

• Highly estrogen-
dependent
growth

(Wong et al, 1993)
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Effects on ImmunityEffects on Immunity
Acute (shortAcute (short--term) effectsterm) effects

150,000 acute deaths and acute radiation 150,000 acute deaths and acute radiation 
syndromesyndrome

LongLong--term effectsterm effects
Became apparent in 1980sBecame apparent in 1980s
Slight reduction in TSlight reduction in T--cells (10% per Gy) cells (10% per Gy) 
accompanied by slightly increased Baccompanied by slightly increased B--cellscells
No effect on innate immunity function, e.g., No effect on innate immunity function, e.g., 
natural killer cellsnatural killer cells
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Late Immunity EffectsLate Immunity Effects
Health Implications Health Implications 

Reduced clearance of hepatitis B virus in the Reduced clearance of hepatitis B virus in the 
carriers carriers (Fujiwara, 2002)(Fujiwara, 2002)
Increases in chronic inflammation markersIncreases in chronic inflammation markers

Sedimentation rate, Sedimentation rate, αα--1 and 1 and αα--2 globulin and 2 globulin and sialicsialic
acid (acid (Neriishi, 2001)Neriishi, 2001)
CC--reactive protein and Interleukin 6 (reactive protein and Interleukin 6 (Hayashi, 2003)Hayashi, 2003)
Reason for excess risk of cardiovascular and some Reason for excess risk of cardiovascular and some 
other chronic diseases ?other chronic diseases ?

No increased risk for tuberculosis or No increased risk for tuberculosis or 
autoimmune diseases (rheumatoid arthritis, autoimmune diseases (rheumatoid arthritis, 
autoimmune thyroiditis)autoimmune thyroiditis)
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AgingAging

No dose response for physiological No dose response for physiological 
markers of agingmarkers of aging

Skin elasticity, vision, breathing capacity, Skin elasticity, vision, breathing capacity, 
etcetc

No radiation effects on certain specific No radiation effects on certain specific 
agingaging--related diseasesrelated diseases

Alzheimer diseaseAlzheimer disease
OsteoporosisOsteoporosis
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Psychological EffectsPsychological Effects
Anxiety and Anxiety and somatizationsomatization symptoms compatible symptoms compatible 
with PTSDwith PTSD seen in the survivors 17seen in the survivors 17--20 years 20 years 
after the bombings after the bombings –– (Yamada, 2002(Yamada, 2002) :) :

Increased Increased ORsORs for anxiety (1.73) and for for anxiety (1.73) and for somatizationsomatization
(1.99) associated with acute radiation syndromes(1.99) associated with acute radiation syndromes

Anxiety Anxiety –– nervousness, fatigue, getting up tired in morning, nervousness, fatigue, getting up tired in morning, 
etcetc
SomtizationSomtization –– pain, GI and pain, GI and psychoneurologicalpsychoneurological symptomssymptoms

ORsORs increasing with increasing distance from increasing with increasing distance from 
hypocenter, but independent of disease historyhypocenter, but independent of disease history

Inverse dose response for suicide morality in Inverse dose response for suicide morality in 
LSS LSS 
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Cardiovascular and Other Cardiovascular and Other 
Chronic Diseases in LSSChronic Diseases in LSS

Emerging evidence on radiation effects on Emerging evidence on radiation effects on 
heart disease, stroke and other adultheart disease, stroke and other adult--
onset chronic diseasesonset chronic diseases

Small relative risk, butSmall relative risk, but
Large absolute risk because of high Large absolute risk because of high 
background ratesbackground rates
Increasing evidence of a linear dose responseIncreasing evidence of a linear dose response
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LSS NonLSS Non--cancer Mortality cancer Mortality -- 19501950--9797

250*250*31,63131,63131,88131,881TotalTotal
40401111111631632+2+
686846746750650611--22
61611,0751,0751,1611,1610.50.5--11
47472,3472,3472,4232,4230.20.2--0.50.5
17172,2352,2352,1632,1630.10.1--0.20.2
171711,44211,44211,63311,6330.0050.005--0.10.1
0013,95413,95413,83213,832<0.005<0.005

ExcessExcessExpExpObsObsDose, Dose, SvSv

(Preston, 2003)S
o
l
i

Solid cancer deaths: 1,335 (440 excess)
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Confounding Does Not Explain the Confounding Does Not Explain the 
Dose ResponseDose Response

Noncancer ERR/Sv  
Subjects 

 
Deaths No 

adjustment 
Adjustment 

10,308 men 1,163 0.07 0.09 

13,154 women 1,121 0.14 0.14 
 

• smoking
• education
• occupation
• marital status
• house size
• Japanese-style food
• physical activity

Confounding 
factors used for 
adjustment:
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““Healthy Survivor EffectHealthy Survivor Effect”” and Urbanand Urban--rural rural 
Difference Complicating NonDifference Complicating Non--cancer Dose cancer Dose 

Response AnalysesResponse Analyses

Proximal survivors: <3 km from hypocenter.
Unadjusted: full cohort.

Early follow-up period Late follow-up period
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Best described by a linearity but consistent with a 
non-linearity.  
The risk below 0.5 Gy is uncertain.

Dose Response at Low Doses: Dose Response at Low Doses: 
19681968--9797

Full dose range Low dose range
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Serum Cholesterol and Precursor Serum Cholesterol and Precursor 
LesionsLesions

Cardiovascular Cardiovascular 
precursor lesions and precursor lesions and 
related conditionsrelated conditions

Changes in age trends Changes in age trends 
for for serum cholesterol
levelslevels and and blood 
pressure 
Increased prevalence of Increased prevalence of 
aortic arch calcification, 
isolated systolic 
hypertension

Wong et al, 1999
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CVD CVD -- Other Irradiated PopulationsOther Irradiated Populations
HighHigh--dose radiotherapy (Hodgkin lymphoma, breast dose radiotherapy (Hodgkin lymphoma, breast 
cancer at >30cancer at >30--40 Gy) increases heart disease risk; 40 Gy) increases heart disease risk; 
doses are localized.  doses are localized.  
Evidence of increased heart disease risk from some Evidence of increased heart disease risk from some 
but not all medical and occupational studiesbut not all medical and occupational studies

Ankylosing spondylitis but not TB fluoroscopy patientsAnkylosing spondylitis but not TB fluoroscopy patients
US radiologists and US radiologists and radiologicradiologic technologists but not UK technologists but not UK 
radiologistsradiologists
Localized exposuresLocalized exposures
Few dose response dataFew dose response data

Varying results from lowVarying results from low--dose occupational studiesdose occupational studies
Low statistical powerLow statistical power
Lacking smoking and confounder informationLacking smoking and confounder information
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Peptic Ulcer Disease CohortPeptic Ulcer Disease Cohort

T

T         =        
Thyroid

Coronary Coronary 
heart heart 

diseasedisease
RRRR

InIn--field*field*
dose, Gydose, Gy

Weighted Weighted 
cardiac cardiac 

dose, Gydose, Gy

1.5114.4 – 35.63.1 – 7.6

1.5412.0 – 13.92.6 – 3.0

1.231.239.2 9.2 –– 11.711.72.0 2.0 –– 2.52.5

1.001.000.86 0.86 –– 9.19.10.1 0.1 –– 1.91.9

1.001.000000

* 5% of the heart (apex) in 
the radiation field

(Carr et al, 2005)

Best supporting low-dose data
Marked dose heterogeneity
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Liver Disease and Hepatitis C VirusLiver Disease and Hepatitis C Virus

Chronic hepatitis Chronic hepatitis 
and liver and liver 
cirrhosiscirrhosis
No relationship No relationship 
between between 
radiation dose radiation dose 
and HCV and HCV serosero--
positivitypositivity
Dose  response Dose  response 
for liver disease for liver disease 
differs by HCV differs by HCV 
statusstatus

(Fujiwara et al, 2002)

Fig 2 from Fujiwara
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InIn--UteroUtero CohortCohort

Mortality, cancer incidence and clinical Mortality, cancer incidence and clinical 
(subset) follow(subset) follow--up of 3,600 exposed and up of 3,600 exposed and 
unexposed subjectsunexposed subjects

Impaired mental and physical growth Impaired mental and physical growth 
development development -- the major health effectsthe major health effects
More recently, increased risk of solid cancer More recently, increased risk of solid cancer 
at young adult agesat young adult ages
FollowFollow--up for nonup for non--cancer diseases to continuecancer diseases to continue
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Effects of InEffects of In--UteroUtero
ExposureExposure

Severe mental 
retardation in 21 of in 21 of 
476 in476 in--uteroutero survivors survivors 
>0.005 Gy>0.005 Gy

88--15 weeks of gestation 15 weeks of gestation 
at exposureat exposure

DoseDose--related related 
decreasesdecreases

school performance
IQ scores

Reduction in Reduction in height & 
weight at age 18at age 18

No effect of gestational No effect of gestational 
periodperiod
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InIn--uteroutero Exposure and Chromosomal DamageExposure and Chromosomal Damage

Lower translocation Lower translocation 
frequency from infrequency from in--
uteroutero exposure exposure ––
mothermother--child child 
comparisoncomparison
Apparent sensitivity at Apparent sensitivity at 
a low dosea low dose
Suggestion of two subSuggestion of two sub--
populations in populations in 
lymphoid precursor lymphoid precursor 
cells in fetusescells in fetuses
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Somatic Effects Somatic Effects –– Conclusions (1)Conclusions (1)

Acute deaths occurred from thermal, Acute deaths occurred from thermal, 
mechanical and radiation injuries, especially mechanical and radiation injuries, especially 
due to bone marrow depletion due to bone marrow depletion -- acute effects on acute effects on 
immunityimmunity
Emerging evidence of longEmerging evidence of long--term radiation term radiation 
effects of on immunity effects of on immunity -- characterized by subtle characterized by subtle 
functional and quantitative abnormalities functional and quantitative abnormalities 
involving Tinvolving T-- and Band B--cells.cells.

Possible implications for some nonPossible implications for some non--cancer disease cancer disease 
risksrisks
E.g., liver disease interacting with viral infection;  E.g., liver disease interacting with viral infection;  
cardiovascular disease through inflammatory process cardiovascular disease through inflammatory process 
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Conclusions (2)Conclusions (2)
Increasing evidence of a linear dose response, Increasing evidence of a linear dose response, 
suggesting the lowsuggesting the low--dose radiation effect on dose radiation effect on 
cardiovascular and a variety of other chronic cardiovascular and a variety of other chronic 
adultadult--onset diseases.onset diseases.
Developmental effects are especially Developmental effects are especially 
pronounced from exposure in pronounced from exposure in uteroutero or during or during 
early childhoodearly childhood. . 

Possible longPossible long--term effects and  term effects and  
Implication for future cardiovascular and other disease risksImplication for future cardiovascular and other disease risks

LowLow--dose radiation effects observed for a wide dose radiation effects observed for a wide 
range of nonrange of non--cancer diseases are subtle, longcancer diseases are subtle, long--
term and interacting with a variety of other risk term and interacting with a variety of other risk 
factorsfactors

Difficulty in corroboration from other studiesDifficulty in corroboration from other studies
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Early Genetic StudiesEarly Genetic Studies

77,000 newborns, 194877,000 newborns, 1948--5454
Use of food ration program for pregnant women (>20 Use of food ration program for pregnant women (>20 
weeks)weeks)
=> 90% all pregnancies in Hiroshima/Nagasaki=> 90% all pregnancies in Hiroshima/Nagasaki
FollowFollow--up by midwifesup by midwifes
Physical examination during 2 weeks after birthPhysical examination during 2 weeks after birth

Untoward pregnancy outcomesUntoward pregnancy outcomes
StillbirthStillbirth
MalformationsMalformations
Neonatal death (2 weeks)Neonatal death (2 weeks)

Sex ratioSex ratio
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Birth Defects, 1948Birth Defects, 1948--5353

 Father’s 
dose, 

Sv 

 Mother’s 
dose, 

Sv 
< 0.01 0.01 – 0.49 > 0.50

< 0.01 2,257/45,234
5.0% 

81/1,614 
5.0% 

29/506
5.7%

0.01 – 0.49 260/5,445 
4.8% 

54/1,171 
4.5% 

6/133
4.5%

> 0.50 63/1,039 
6.1% 

3/73 
4.1% 

7/88 
8.0%

 

 

Total major birth defects: 0.91% (n=594)
Tokyo Red Cross Hospital data: 0.92%
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DNA Studies in F1DNA Studies in F1

Lymphocytes from Lymphocytes from 
1,000 child1,000 child--parents parents 
trios:trios:

500 one or both 500 one or both 
parents exposedparents exposed
500 non500 non--exposedexposed

Pilot on 100 familiesPilot on 100 families
minisatelliteminisatellite loci, 8 loci, 8 
probesprobes

TwoTwo--dimensional dimensional 
electrophoresiselectrophoresis
DNA chip technologyDNA chip technology
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FF11 Cancer and NonCancer and Non--cancer Riskcancer Risk

Mortality through 1999 (Mortality through 1999 (Izumi, 2003Izumi, 2003))
No excess cancer and nonNo excess cancer and non--cancer mortalitycancer mortality
Hazard ratio for cancer = 0.96 (95% CI 0.59, 1.55)Hazard ratio for cancer = 0.96 (95% CI 0.59, 1.55)
Hazard ratio for nonHazard ratio for non--cancer = 1.16 (95% CI 0.92, cancer = 1.16 (95% CI 0.92, 
1.46)1.46)

Cancer incidence before age 20 yrs (Cancer incidence before age 20 yrs (Yoshimoto, Yoshimoto, 
1990)1990)

No excess for heritable and nonNo excess for heritable and non--heritable type heritable type 
cancerscancers
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F1 Current and Future StudiesF1 Current and Future Studies

ReRe--analysis of malformation and analysis of malformation and 
pregnancy outcome data using the latest pregnancy outcome data using the latest 
dose estimates (DS02) dose estimates (DS02) -- underwayunderway
Question on risk for multiQuestion on risk for multi--factorial factorial 
diseases (cancer, cardiovascular disease, diseases (cancer, cardiovascular disease, 
diabetes, etc) through continued diabetes, etc) through continued mortality
and and cancer incidence followfollow--up and subup and sub--
cohort cohort clinical follow-up -- underwayunderway
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