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Regions of reduced FA in GW Vzterans &

TSSA victims

\ b 4T FA results Yamasue et al., Ann Neurol.2007;61:37-46




: DIFFUSION TENSOR IMAGING

Calculate shape of
the ellipsoid

Axial Diffusivity (AD) = A,

Higher AD has been associated with
greater axonal degeneration.
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t-value




T > 2.46, Prpp = 0.05

T > 4.72, Py = 0.05
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: DIFFUSION TENSOR IMAGING

Radial Diffusivity (RD) = (A,+ A;)/2

Higher RD has been associated with
demyelination and neuroinflammation.
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t-value




Effects of GB/GF exposure onr Rzdia!
Diffusivity

T > 2.46, Prpe = 0.05 T > 4.72, Py = 0.05
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Low-level GB/GF exposure has an effect on:
, S - GM volume (including HP)
-WM volume
- WM integrity



A Summary

Low-level GB/GF exposure has an effect on:
, e - GM volume (including HP)

- WM volume

- WM integrity
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Chronic neurobehavioral and central and autonomic nervous system
effects of Tokyo subway sarin poisoning

Kazuhito Yokoyama®, Shunichi Araki®, Katsuyuki Murata®, Mariko Nishikitani?,
Tetsu Okumurab, Shinichi Ishimatsub, Nobukatsu TakasuP

"Department of Public Health and Occupational Medicine, Graduate School of Medicine, University of Tokyo, Hongo 7-3-1, Bunkyo-ku,
Tokyo 113-00313, Japan
hEmergenc}' Depariment, St. Luke ¥ International Hospital, 9-1 Akashi-che, Chuo-ku, Tokyo 104-0044, Japan

Abstract — To evalvate delayed (prolonged) neurobehavioral and neurophysiological effects of acute sarin poisoning, nine male and
nine female patients of the Tokyo subway sarin poisoning in Japan were examined by neurobehavioral tests, posttraumatic stress disorder
(PTSD) checklist, brain evoked potentials, compulerized static posturography, and electrocardiographic R-R interval variability, 6-8
months after the poisoning. Their serum cholinesterase activities on the day of the poisoning (March 20, 1995) were 13-131 (mean
72.1) TU/L. The results suggested delayved effecis on psychomotor performance, the higher and visual nervous system and the vestibu-
lo-cerebellar system with psychiatric symptoms resulting from PTSD. (©Elsevier, Paris)

* Impaired psychomotor speed (digit symbol)
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Environmental Health Perspectives, 2001 109(11):1169-73

Articles

Effects of Sarin on the Nervous System in Rescue Team Staff Members and
Police Officers 3 Years after the Tokyo Subway Sarin Attack

Yuji Nishiwaki,” Kazuhiko Maekawa,? Yasutaka Ogawa,’ Nozomu Asukai,* Masayasu Minami,® Kazuyuki Omae,’
and the Sarin Health Effects Study Group

'Department of Preventive Medicine and Public Health, School of Medicine, Keio University, Tokyo, Japan; 2Department of
Traumatology and Critical Care, Graduate School of Medicine, University of Tokyo, Tokyo, Japan; *National Institute of Industrial Health,

Kawasaki, Japan; “Department of Social Psychiatry, Tokyo Institute of Psychiatry, Tokyo, Japan; ®Department of Hygiene and Public
Health, Nippon Medical School, Tokyo, Japan

e Impaired memory (backward digit span)



WMS - backwards digit span
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Effects of Sarin on the Nervous System of Subway Workers Seven
Years after the Tokyo Subway Sarin Attack

Koichi Mivaki', Yuji NisHiwaki', Kazuhiko MAEKAWA?, Yasutaka OGawa®, Nozomu ASUKAIY,
Kimio YosHIMURA®, Norihito ETon', Yukio Marsumoto', Yuriko Kikucui', Nami Kumacar'
and Kazuyuki OMAE'

'Department of Preventive Medicine and Public Health, School of Medicine, Keio University, ?Kanto Central
Hospital, *National Institute of Industrial Health, “Tokyo Institute of Psychiatry and *Cancer Information and
Epidemiology Division, Research Institute, National Cancer Center, Japan

Impaired memory (backward digit span)
Impaired psychomotor function (finger tapping)



Effects of GB exposure

Psychomotor
function

TSSA victims / /

TSSA =Tokyo Subway Sarin Attack
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reseniaion s N@propsychological Function in Gulf War-Veterans:
Relationships to Self-Reported Toxicant Exposures

Roberta F. White, php,""%**>®* Susan P. Proctor, psc,'">** Timothy Heeren, php,""”?
Jessica Wolfe, php,'">*>* Maxine Krengel, pip,'"*** Jennifer Vasterling, php,”'°
Karen Lindem, pnp,”* Kristin ). Heaton, ms," Patricia Sutker, php,* and

y David M. Ozonoff, mp, mpu,">""!

Background The present study was aimed at (1) exploring evidence of central nervous
system (CNS) dysfunction among Gulf War (GW) veterans on neuropsychological tests
and (2) examining whether performance on neuropsychological tests was related to
specific neurotoxicant exposures experienced in the Gulf.

Methods The GW-deploved groups were selected using stratified random sampling
methods from two distinct cohorts of GW veterans. A comparison group that had been
called up for GW service but deployed to Germany rather than the Gulf also was
examined. Neuropsychological function was assessed using a pre-determined battery
chosen to include tests known to be highly sensitive to the behavioral effects of the
newrotoxicants thought to have been present in the Gulf.

Results Self-reported exposures were related to neuropsychological test performance
controlling for post-traumatic stress disorder, major depression, and other known
covariates of neuropsychological test performance. Resulis showed that GW-deployed
veterans performed more poorly than the Germany-deploved veterans on several specific
neuropsychological tests, but after adjustment for multiple comparisons, only the
differences in mood complaints remained significant. Within the GW-deployed group,
self-reported exposure to chemical warfare agents was associated with poorer
performance on cognitive tests involving specific functional domains.

Conclusions Results provide evidence that there are subtle differences in CNS function
among GW-deploved veterans who report chemical warfare agent exposure while in the
GW theater. Am. J. Ind. Med. 40:42-54, 2001. @ 2001 Wiley-Liss, Inc.

KEY WORDS: neuropsychology, Gulf War veterans, cognitive function, environ-
mental exposures
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Effects of GB/GF exposure

Psychomotor | Visuospatial
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self-reported
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ELSEVIER NearoToxicology 27 (2006) 931-939

Effects of sarin and cyclosarin exposure during the 1991 Gulf War on
neurobehavioral functioning in US army veterans™

Susan P. Proctor #P<4*! Kristin J. Heaton **%! Tim Heeren ¢, Roberta F. White *f

* Boston Environmental Hazands Center, VA Boston Healthcare System, Boston, MA, United States
b Boston University School of Public Health {Environmental Health), Boston, MA, United States
® National Center for PTSD, VA Boston Healthcare System, Boston, MA, United States
Y Military Performance Division, US Army Research Institute of Environmental Medicine, Natick, MA, United States
* Boston University School of Public Health (Biostatistics), Boston, MA, United States
" Boston University School of Medicine (Neurology), Boston, MA, United States
Received 26 May 2006; accepted 2 August 2006
Available online 7 August 2006

Abstract

Background: During the Gulf War (GW), in early March 1991, a munitions dump at Khamisiyah, Iraq, was destroyed. Later, in 1996, the dump
was found (o have contained the organophosphate chermical warfare agents, sarin and cyclosarin.

Methods: Data collected in a study conducted between 1994 and 1996, before the Khamisiyah incident was publicly disclosed, were used to
examine neurobehavioral task performances of GW veterans (n = 140) categorized as having received high, moderate, or low-to-no exposure
dose levels to sarin and eyclosarin al Khamisiyah, Iraq. Exposure levels were based on modeled estimates of the exposure plume and on troop
location information at the time of the Khamisiyah event. Based on recent findings observed in follow-up studies of persons exposed to sarin
during the 1995 terrorist attacks in Japan, we hypothesized that exposure to sarin and cyclosarin would be associated with poorer performances on
objective neurobehavioral tasks in specific functional domains (particularly in visuospatial abilities and psychomotor functioning) in a dose-
dependent manner,

Results: Sarin and cyclosarin exposure was significantly associated with less proficient neurobehavioral functioning on tasks involving fine
psychomotor dexterity and visuospatial abilities 45 years after exposure.

Conclusions: Findings suggest a dose-response association between low-level exposure to sarin and cyclosarin and specific functional central
nervous system effects 4-5 years after exposure,

@ 2006 Elscvier Inc. All rights reserved.

Keywords: Sarin; Neurobehavioral functioning: Central nervous system effects; Exposure assessment; Gulf War veterans
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Effects of GB/GF exposure

Memor Psychomotor | Visuospatial
Y function function
TSSA victims / /
GW vets with
self-reported
exposure / /
GW vets with
predicted
exposure / /

TSSA =Tokyo Subway Sarin Attack



California Verbal Learning iest

Exposed Unexposed

N 107 317

No. Female (%) 11 (10%) 36 (11%)
Age, years 46.4 + 8.5 46.3 + 9.5
Education, years 14.8 + 2.2 149+2.1
No. current PTSD diagnosis (%) 10 (9%) 42 (13%)
No. CMI cases (%) 68 (64%) 217(69%)

PTSD: Posttraumatic Stress Disorder
CMI: Chronic Multisymptom lliness as defined by Fukuda et al. (1998)



California Verbal Learning iest

Exposed Unexposed
Trial 1 5.9 (1.9) 6.2 (1.8)
Trials 1-5 47.5 (11.0) 49.8 (10.2)
Free Recall
Short delay 10.1 (3.5) 10.5 (3.3)
Long delay 10.7 (3.3) 11.0 (3.4)
Cued Recall
Short delay 11.4 (2.8) 11.7 (2.9)
Long delay 11.5 (3.1) 11.8 (3.0)
Recognition Memory 0.72 (0.25) 0.75 (0.25)




California Verbal Learning iest

# MANCOVA accounting for age, sex, education, PTSD, CMI
| age: Fg 410=4.56, p<0.001

"""" sex: Fo.410=2.28, p=0.02
education:  Fg,4,0=2.53, p=0.01
PTSD: Fg 410=2.51, p=0.01
CMI: Fg 410=2.51, p=0.01

No overall effect of GB/GF exposure: Fg,4,,=0.97, p=0.46



California Verbal Learning iest

Exposed Unexposed
Trial 1 5.9 (1.9) 6.2 (1.8)
Trials 1-5* 47.5 (11.0) 49.8 (10.2)
Free Recall
Short delay 10.1 (3.5) 10.5 (3.3)
Long delay 10.7 (3.3) 11.0 (3.4)
Cued Recall
Short delay 11.4 (2.8) 11.7 (2.9)
Long delay 11.5 (3.1) 11.8 (3.0)
Recognition Memory 0.72 (0.25) 0.75 (0.25)

*F, 41;= 4.51, p=0.03



Continuous Performance Test

Exposed Unexposed

N 88 261
No. Female (%) 9 (10%) 30 (12%)
Age, years 46.2 + 8.4 46.3 + 9.9
Education, years 149 + 2.3 149 + 2.2
No. current PTSD diagnosis (%) 9 (10%) 35(13%)
No. CMI cases (%) 56 (64%) 168 (64%)

PTSD: Posttraumatic Stress Disorder
CMI: Chronic Multisymptom lliness as defined by Fukuda et al. (1998)
























Continuous Performance Test

# MANCOVA accounting for age, sex, education, PTSD, CMI
| age Fs 336=4.27, p=0.001

"""" sex: Fo 555=1.80, p=0.11
education:  F5335=0.86, p=0.51
PTSD: F5235=1.17, p=0.32
CMI: Fs235=3.61, p=0.003

Overall effect of GB/GF exposure: F5 333=4.73, p<0.0001
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