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y=20 y=16 y=12 y=8 y=4 

y=0 y=-4 y=-8 y=-12 y=-16 

y=-20 y=-24 y=-28 y=-32 y=-36 

y=-40 y=-44 y=-48 y=-52 y=-56 

Yamasue et al.,  Ann Neurol. 2007; 61:37-46 4T FA results 
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Calculate shape of 
the ellipsoid 

Axial Diffusivity (AD) = λ1 
 
Higher AD has been associated with 
greater axonal degeneration. 
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T > 4.72, PFWE  = 0.05 T > 2.46, PFDR = 0.05 

R R 
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Radial Diffusivity (RD) = (λ2+ λ3)/2 
 
Higher RD has been associated with 
demyelination and neuroinflammation. 
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T > 2.46, PFDR = 0.05 T > 4.72, PFWE  = 0.05 

R R 
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Low-level GB/GF exposure has an effect on: 
 - GM volume (including HP) 
 - WM volume 
 - WM integrity 
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Low-level GB/GF exposure has an effect on: 
 - GM volume (including HP) 
 - WM volume 
 - WM integrity 
   neurobehavioral function ????? 
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• Impaired psychomotor speed (digit symbol) 
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Environmental Health Perspectives, 2001 109(11):1169-73 

• Impaired memory (backward digit span) 
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• Impaired memory (backward digit span) 
• Impaired psychomotor function (finger tapping)  
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Memory 
Psychomotor 

function 

TSSA victims 

TSSA = Tokyo Subway Sarin Attack 
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• Impaired memory 

• backward digit span 

• CVLT – learning Trial 2 & short delayed recall 

• Delayed visual reproduction 
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Memory 
Psychomotor 

function 
Visuospatial 

function 

TSSA victims 

GW vets with 
self-reported 
exposure 
TSSA = Tokyo Subway Sarin Attack 
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Memory 
Psychomotor 

function 
Visuospatial 

function 

TSSA victims 

GW vets with 
self-reported 
exposure 
GW vets with 
predicted 
exposure 
TSSA = Tokyo Subway Sarin Attack 
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PTSD: Posttraumatic Stress Disorder 
CMI: Chronic Multisymptom Illness as defined by Fukuda et al. (1998) 

N 
No. Female (%) 
Age, years 
Education, years 
No. current PTSD diagnosis (%) 
No. CMI cases (%) 

107 
11 (10%) 
46.4 + 8.5 
14.8 + 2.2 
10 (9%) 

68 (64%) 

317 
36 (11%) 
46.3 + 9.5 
14.9 + 2.1 
42 (13%) 
217(69%) 

Exposed Unexposed 
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Trial 1 
Trials 1-5 
Free Recall 
   Short delay 
   Long delay 
Cued Recall 
   Short delay 
   Long delay 
Recognition Memory 

5.9 (1.9) 
47.5 (11.0) 

 
10.1 (3.5) 
10.7 (3.3) 

 
11.4 (2.8) 
11.5 (3.1) 

0.72 (0.25) 

6.2 (1.8) 
49.8 (10.2) 

 
10.5 (3.3) 
11.0 (3.4) 

 
11.7 (2.9) 
11.8 (3.0) 

0.75 (0.25) 

Exposed Unexposed 
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MANCOVA accounting for age, sex, education, PTSD, CMI 
   age:   F8,410=4.56, p<0.001 
   sex:   F8,410=2.28, p=0.02 
   education:  F8,410=2.53, p=0.01 
   PTSD:  F8,410=2.51, p=0.01 
   CMI:   F8,410=2.51, p=0.01 
 
   No overall effect of GB/GF exposure: F8,410=0.97, p=0.46 
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Trial 1 
Trials 1-5* 
Free Recall 
   Short delay 
   Long delay 
Cued Recall 
   Short delay 
   Long delay 
Recognition Memory 

5.9 (1.9) 
47.5 (11.0) 

 
10.1 (3.5) 
10.7 (3.3) 

 
11.4 (2.8) 
11.5 (3.1) 

0.72 (0.25) 

6.2 (1.8) 
49.8 (10.2) 

 
10.5 (3.3) 
11.0 (3.4) 

 
11.7 (2.9) 
11.8 (3.0) 

0.75 (0.25) 

Exposed Unexposed 

*F1,417= 4.51, p=0.03 
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PTSD: Posttraumatic Stress Disorder 
CMI: Chronic Multisymptom Illness as defined by Fukuda et al. (1998) 

N 
No. Female (%) 
Age, years 
Education, years 
No. current PTSD diagnosis (%) 
No. CMI cases (%) 

88 
9 (10%) 

46.2 + 8.4 
14.9 + 2.3 
9 (10%) 
56 (64%) 

261 
30 (12%) 
46.3 + 9.9 
14.9 + 2.2 
35(13%) 

168 (64%) 

Exposed Unexposed 
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MANCOVA accounting for age, sex, education, PTSD, CMI 
   age:   F5,338=4.27, p=0.001 
   sex:   F5,338=1.80, p=0.11 
   education:  F5,338=0.86, p=0.51 
   PTSD:  F5,338=1.17, p=0.32 
   CMI:   F5,338=3.61, p=0.003 
 
Overall effect of GB/GF exposure: F5,338=4.73, p<0.0001 
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