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Is Parkinson’s Disease with History of Agent Orange
Exposure Different from Idiopathic Parkinson’s Disease?
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*Department of Neurology, Hyoja Geriatric Hospital, Yongin, Korea

Background and Purpose During Vietnam War, many Korean soldiers were dispatched to fight in the war where they were exposed to
Agent Orange. Until now, there exist only limited evidence on existence of association between exposure to Agent Orange and Parkinson's
disease (PD). To elucidate the effects of Agent Orange exposure on PD, we compared the clinical characteristics and radiolabeled 18F-FP-CIT
PET uptake between patients with Agent Orange exposure and patients with Agent Orange no-exposure.

Methods We retrospectively evaluated 143 patients exposed to Agent Orange and 500 patients with no exposure to Agent Orange from our
movement clinics database. The differences between clinical characteristics and pattern of 18F-FP-CIT PET uptake were investigated.
Results Among Unified Parkinson’s Disease Rating Scale III motor subscales, tremor at rest, rigidity, finger taps, and rapid alternating
movement was significantly higher in patients exposed to Agent Orange as compared to patients with no exposure to Agent Orange. The fa-
cial expression score was significantly lower in patients exposed to Agent Orange as compared to patients with no exposure to Agent Orange.
Compared to patients not exposed to Agent Orange, all basal ganglia areas (contra- and ipsilateral caudate nucleus, anterior putamen, and
posterior putamen) showed a lower18F-FP-CIT uptake and higher asymmetry index of anterior and posterior putamen was found in patients
exposed to Agent Orange. The caudate/putamen ratio was significantly lower in patients exposed to Agent Orange as compared to patients
with no exposure to Agent Orange.

Conclusions This study showed a different clinical profile and FP-CIT PET findings between patients exposed to Agent Orange as com-
pared to patients with no exposure to Agent Orange. This finding suggests the possibility of different pathophysiology of PD in patients ex-
posed to Agent Orange from idiopathic PD.
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INTRODUCTION

Agent Orange, which is an approximately 1:1 mixture of
2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichloro-
phenoxyaceticacid (2,4,5-T), is one of the herbicides and defo-
liants used by the U.S. military during the Vietnam War. The
2,3,7,8-tetrachlorodibenzodioxin (TCDD), which is the prod-
uct of 2,4,5-T contaminated with a dioxin, characteristically

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

induces free radical oxygen generation and is one of the most
toxic molecules responsible for causing various unexplained
adverse health effects. The half-life of TCDD is approximately
8 years in humans and it is accumulated mainly in fatty tissues
over time, so even exposure to small quantities may eventually
lead to dangerous levels.

During the Vietnam War from 1965 to 1973, more than
300000 Korean troops were sent to fight in the war. Due to
lack of appropriate information about Agent Orange at that
time, many military troops are thought to have been exposed
to this agent. More than 40 years after the war, there are many
cases affecting Parkinsons disease (PD) among these veterans
in Korea. Though, casual relationship between exposure to
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Agent Orange and PD is not certain yet, considering patho-
physiological association free radical oxygen and PD, there
may be a possibility of Agent Orange-induced or related PD.
Unfortunately, there is a dearth of clinical evidence and studies
on this relationship. To identify whether these patients are
simply age-associated idiopathic PD (IPD) or secondary PD
due to other causes such as Agent Orange is essential, because
the cause might affect the diagnosis and treatment.

Movement Disorder Clinics of Veteran Health Service Medi-
cal Center is state-operated hospital clinics for veteran patients,
and in case if PD is suspected, all the patients are examined by
movement specialist and receive 18F-N-(3-fluoropropyl)-2p-
carboxymethoxy-3[-(4-iodophenyl) nortropane positron
emission tomography (18F-FP-CIT-PET) examination.
Henceforth, it is conjectured that, we can build large-scaled
18F-FP-CIT PET database of PD by including patients with
and without exposure to Agent Orange.

In this article, we compare the demographic, clinical charac-
teristics, and imaging of 18F-FP-CIT PET between patients
with and without exposure to Agent Orange.

METHODS

Patients

A total of 762 patients with clinical evidence of PD were re-
cruited between 2011 and 2015 from the Movement Disorders
outpatient clinic of the Seoul Veteran Hospital. Among them,
643 patients (143 patients with exposure to Agent Orange and
500 patients with no exposure to Agent Orange) met step I
and step II criteria according to the PD society brain bank.! A
brain magnetic resonance image scan (T1 and T2 weighted
axial) was performed in all patients. The patients who had: 1)
atypical PD syndromes; 2) history of stroke, cerebral tumor,
traumatic brain injury, epilepsy, or psychiatric illness; 3) obvi-
ous medical complications; 4) farming as an occupation and
history of pesticide exposure, were excluded from the present
study.

The information about the veteran’s unit was obtained from
the Ministry of Defense’s military records and veteran’ self-re-
ported survey. Using a perceived exposure index,” the veterans
were asked six questions regarding how they might have been
exposed to Agent Orange in Vietnam and their responses were
compared with official military records. Those who responded
to these questions were classified into 1 of 4 groups with an as-
sociated perceived exposure index. To minimize the inclusion
of false exposure group in the study, only the patients with
‘moderate’ and ‘high’ exposure were designated as “Agent Or-
ange Exposure Group”. The other patients, who met the above
mentioned PD inclusion criteria and without any history of
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exposure to Agent Orange were designated as “Agent Orange
No-exposure Group”

The Hoehn-Yahr staging (H-Y staging) and motor domain
of the Unified Parkinson’s Disease Rating Scale III, was used to
evaluate severity of motor symptom. These scales were taken
just before PET scanning when the antiparkinsonian drugs
were stopped for at least 6 h. The clinical subgroups, tremor-
dominant, and akinetic-rigid type were classified using the
method designed by Lewis et al.® If the tremor score was at
least twice the non-tremor score, the patient was designated as
tremor-dominant type. Vice versa, if the non-tremor score was
at least twice the tremor score, the patient was designated as
akinetic-rigid type. The remaining patients, in whom the trem-
or and non-tremor score differed by less than factor 2, were
classified as mixed type. The patients’ general cognitive state
and severity of dementia were evaluated by means of the Mini-
Mental State Examination. In any case, the patients were ex-
amined by a single neurologist who was unaware of the PET
results after ceasing PD medication for at least 6 h. This study
was approved by Institutional Review Board of Veteran Health
Service Medical Center and meets the standards established by
the Declaration of Helsinki.

FP-CIT PET CT

All PD patients fasted for at least 12 h and discontinued all
antiparkinsonian drugs for at least 6 h prior to PET studies.
However, the drugs that may affect specific to nonspecific stri-
atal binding, such as D-amphetamine, methylphenidate, ben-
zatropine, buproprion, cocaine, mazindol, and phentermine,
were restricted before the examination. Participants were ad-
ministered 149 to 259 MBq of F-18 FP-CIT (3.7 MBq/kg) in-
travenously. Two sequential PET and computed tomography
(CT) scans (dual timepoint) were acquired 90 and 210 minutes
after the F-18 FP-CIT injection with the participants eyes
closed using Discovery STE (GE Healthcare, Milwaukee, W1,
USA). The data were acquired in the 3-dimensional mode. CT
scanning began at the vertex and progressed to the skull base
(30 mAs; 140 kVp; slice, 3.75 mm), and PET imaging followed
immediately over the same region with 15 min duration. The
CT data were used for attenuation correction, and images were
reconstructed using the standard ordered subset expectation
maximization (OSEM: 2 iterations, 8 subsets) algorithm.

Additionally, image data from 10 normal subjects, who were
examined by FP-CIT PET/CT, were used for estimating the
imaginary matrix as described in this study. All the normal
subjects (six males and four females; median age, 71 years;
range 56-80 years) were examined by FP-CIT PET/CT volun-
tarily for reasons of private medical concerns.
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Image analysis

Using the surface fitting method, the regions of interest
(ROI) were identified and drawn on the caudate, putamen,
and cerebellum in each hemisphere on MR images (1.5 T) re-
aligned according to the PET image. The four adjacent slices
where the striatum was best identified were used for ROI anal-
ysis. The putamen was divided into anterior and posterior
halves along its longitudinal axis. The ROIs were then copied
onto the PET image and the uptake of 18F-FP-CIT was calcu-
lated as a (region-cerebellum)/cerebellum ratio at 120 min af-
ter injection

Asymmetry index (AI) of putamen, caudate, and striatum
was calculated according to the following formula:
Al=[(ipsilateral-contralateral)/(ipsilateral+contralater
al)]x100. The putamen caudate ratio (PCR) was calculated
using the following formula PCR=putamen/caudate.*

Statistical analysis

First, the baseline demographic features, motor sub-symp-
toms, ROI of FP-CIT of the study participants with exposure
to Agent Orange and no exposure to Agent Orange were as-
sessed using Student’s two-tailed ¢-tests. Second, the frequency
according to H-Y stage and Parkinson subgroup difference
were assessed using chi-square-tests. Statistical analyses were
performed with the SPSS version 18.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

Characteristics of the patients

The study included 143 patients exposed to Agent Orange
and 500 patients with no exposure to Agent Orange. Informa-
tion regarding demographics of patients with exposure to
Agent Orange versus no exposure to Agent Orange is docu-
mented in Table 1. The female prevalence was higher in pa-
tients exposed to Agent Orange as compared to patients with

no exposure to Agent Orange. The age, onset age, symptom
duration, HY stage, and subtypes of PDs were not significantly
different between the study subjects (Table 1).

UPDRS motor subscale and subgroup differences
between patients with exposure to Agent Orange
and patients with no exposure to Agent Orange
Among UPDRS motor subscales, tremor at rest, rigidity,
finger taps, and rapid alternating movement was significantly
higher in patients with exposure to Agent Orange as compared
to patients with no exposure to Agent Orange. The facial ex-
pression score was significantly lower in patients with expo-
sure to Agent Orange as compared to patient with no exposure
to Agent Orange (Table 2).

Hemispheric UPDRS motor subscale

Among UPDRS hemispheric motor subscales, right resting
tremor (arm and leg), right rigidity (arm and leg), right finger
movement, and right hand movement were significantly high-
er in patients with exposure to Agent Orange as compared to
patients with no exposure to Agent Orange (Table 3).

FP-CIT PET analysis

As compared to patients with no exposure to Agent Orange,
patients with exposure to Agent Orange showed a lower FP-
CIT uptake in all the basal ganglia areas (contra- and ipsilateral
caudate nucleus, anterior putamen, and posterior putamen)
and higher AT of anterior and posterior putamen (Table 4, Fig.
1). The caudate/putamen ratios were significantly lower in pa-
tients with exposure to Agent Orange as compared to patients
with no exposure to Agent Orange (Table 4).

DISCUSSION

From 1962 to 1971, the US military used a considerable
amount of Agent Orange during the Vietnam War to eliminate

Table 1. Demographic characteristics and subtypes of PD between Agent Orange exposure and Agent Orange no-exposure groups

(meanzstandard deviation, number)

Characteristics Agent Orange exposure (n=143) Agent Orange no-exposure (1=500) p-value
Age, years 69.816.4 70.0£6.3 0.814
Age at onset, year 63.7£8.1 64.2+8.4 0.706
Female (%) 5(3.5%) 38 (7.6%) 0.043
Duration, month 7221559 68.7155.2 0.597
H-Y stage 1.6+0.7 1.5%0.5 0.125
K-MMSE 232144 23.0+4.4 0.550
Tremor dominant 18 64
Akinetic rigdity 62 224 0.947
Mixed 63 212

H-Y: Hoehn-Yahr, K-MMSE: Korean Mini-Mental State Examination, PD: Parkinson’s disease.
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forest cover for North Vietnamese. Emerging toxicological evi-
dence of phenoxy herbicides and TCDD from animal studies,
some positive findings from epidemiologic studies, and vari-
ous health problems in returning Vietnam veterans resulted in
sustained controversy for toxicity of this agent. There exist dif-
ferences in opinion concerning the neuronal adverse effects of
TCDD. Some authors were skeptical about the facts that
TCDD can cause any neurological damage.” However, other
authors did report few nervous system abnormalities in people

exposed to TCDD.%” Moreover, regarding the association be-
tween Agent Orange and neurodegenerative disorders like PD,
further studies are needed.

The Korean veterans exposed to Agent Orange during the
Vietnam War are advancing in age and among them, many
people are suffering from various neuro-degenerative disor-
ders, like PD. To determine whether there is a scientifically rel-
evant association between Agent Orange exposure and PD,
appropriate epidemiological and prospective studies are of im-

Table 2. UPDRS motor subscale (meanz=standard deviation) in study subjects

Characteristics Agent Orange exposure (1=143) Agent Orange no-exposure (1=542) p-value

Speech 0.78+0.42 0.7810.43 0.867
Facial expression 0.88£0.32 0.94£0.25 0.046
Tremor at rest 3.03£1.31 2.79+1.20 0.041
Action tremor at hands 1.52£0.94 1.51£0.85 0.708
Rigidity 3.49+1.76 3.14+1.49 0.030
Finger taps 1.66£1.08 1.47£0.95 0.042
Hand movements 1.43+0.91 1.381+0.80 0.403
Rapid alternating movement of hands 1.64+0.81 1.48+0.82 0.049
Leg agility 1.57+0.86 1.49+0.87 0.294
Arising from chair 0.6210.51 0.5610.58 0.162
Posture 0.57%0.52 0.54%0.53 0.656
Gait 0.50£0.53 0.56%0.55 0.585
Postural stability 0.53%0.51 0.56+0.55 0.691
Body Bradykinesia 0.6410.55 0.6410.58 0.792
Total 18.86%5.77 17.403+4.90 0.006
UPDRS: Unified Parkinson’s Disease Rating Scale.

Table 3. Hemispheric UPDRS motor subscale (meantstandard deviation)

Characteristics Agent Orange exposure (n=143) Agent Orange no-exposure (1=542) p-value

Resting tremor head 0.0410.23 0.03+0.19 0.641
Resting tremor right arm 0.8910.66 0.76%0.65 0.040
Resting tremor left arm 0.7410.46 0.71£0.50 0.534
Resting tremor right leg 0.87£0.70 0.6810.68 0.003
Resting tremor left leg 0.4810.52 0.54+0.53 0.230
Action tremor right hand 0.8410.69 0.75+0.66 0.142
Action tremor left hand 0.6810.65 0.7240.66 0.456
Rigidity neck 0.2610.44 0.29+0.47 0.481
Rigidity right arm 1.2420.72 1.0240.73 0.001
Rigidity left arm 0.374£0.53 0.40+0.53 0.500
Rigidity right leg 1.23+0.68 1.0240.71 0.001
Rigidity left leg 0.39%0.53 0.3120.50 0.093
Finger tap right hand 1.07£0.78 0.86+0.78 0.004
Finger tap left hand 0.59+0.73 0.5610.68 0.724
Hand movement right 0.9610.75 0.82+0.76 0.048
Hand movement left 0.71£0.63 0.61+0.57 0.395
Rapid alternating movement right 0.9310.74 0.83+0.72 0.130
Rapid alternating movement left 0.71£0.63 0.61+0.57 0.071

UPDRS: Unified Parkinson’s Disease Rating Scale.
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mense importance. However, to date, such studies are lacking.
Moreover, in recent years, the number of this target population
has decreased due to death associated with aging.

The pathophysiological hallmark of IPD is the profound
deficit in brain dopamine level attributed to the loss of neurons
of the nigrostriatal dopaminergic pathway,® other causes of
Parkinsonism show different pathological findings. The role of
specific environmental risk factors (or toxicants) for PD devel-
opment showed limited evidence. Several reviews of the litera-
ture have suggested the possible involvement of environmental
chemicals in the etiology of PD. Systematic review and meta-
analysis of the epidemiologic literature showed the relationship
between PD and exposure to pesticides.” The results suggest
that exposure to pesticides, and to herbicides or insecticides in
particular, increases the risk of PD. However, the relationship
between exposure to Agent Orange and PD remains more
controversial and largely unproven as compared to the data re-

lated to above-mentioned chemicals. Several studies have sug-
gested 2,4-D and TCDD as main chemicals for neurotoxicity.
A number of studies suggest that these chemicals exert neuro-
logic effects (neurochemical and behavioral) in animal mod-
els, if exposure occurs during developmental stage or in cul-
tured nerve cells."

Generally, acute effects of toxicants may involve all the areas
of the nervous system, whereas delayed effects are likely to
produce more selective involvement of physiologically related
systems of neurons like PD. Oxidative stress associated with
the AhR-mediated induction of CYP1A1 isoenzyme'' and in-
flammation may cause selective dopaminergic neuronal dam-
age in PD.”” In addition to the direct neuronal damage, indi-
rect toxic effects to the nervous tissue may be induced by
vascular impairment. There is strong evidence that the cere-
bral endothelium is the critical target of TCDD toxicity. Endo-
thelial cell dysfunction can compromise the blood-brain barri-

Table 4. FP-CIT findings between patients of Agent Orange exposure group and Agent Orange no-exposure group (meanztstandard deviation)

FP-CIT PET Agent Orange exposure (1=143) Agent Orange no-exposure (1=500) p-value
Contralateral CN 2.09£0.78 2.951+0.93 0.000
Ipsilateral CN 2.10£0.78 3.20+0.98 0.000
Contralateral AP 3.11£1.31 3.73+1.24 0.000
Ipsilateral AP 3.18+1.22 3.84+1.31 0.000
Contralateral PP 1.94+0.81 2.82+1.04 0.000
Ipsilateral PP 2.26+0.70 3.00+1.30 0.000
Asymmetry index CN 11.08+6.54 10.5615.63 0.481
Asymmetry index AP 18.29+15.72 12.21+9.44 0.000
Asymmetry index PP 10.51+7.48 8.6815.69 0.014
Putamen/caudate ratio 2.27+0.54 1.90£0.42 0.000
Caudate/putamen ratio 0.47%0.11 0.55+0.12 0.000

AP: anterior putamen, CN: caudate nucleus, 18F-FP-CIT PET: 18F-N-(3-fluoropropyl)-2p-carboxymethoxy-3p-(4-iodophenyl) nortropane positron

emission tomography (18F-FP-CIT-PET), PP: posterior putamen.

Fig. 1. Images of N-(3-fluoropropyl)-2-carboxymethoxy-3(3-(4-iodophenyl) nortropane positron emission tomography (FP-CIT PET) uptake
at the level of striatum in patients with Hoehn-Yahr stage | Parkinson’s disease. Patients with exposure to Agent Orange (A) display bilateral
lower striatal uptake as compared with patients with no exposure to Agent Orange (B).
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er.”” Experimentally; exposure of rat cerebellar granule culture
cells to 2,4-D led to an increase in concentrations of reactive ox-
ygen species.'* However, numerous studies on neurotoxicity of
2,4-D have focused on its effects on the developing nervous
system. These researches have often used high doses of 2,4-D
that have resulted in adverse neuronal changes in the develop-
ing brain-both neurochemical (such as changes in D2 recep-
tors, tyrosine hydroxylase, and dopamine beta-hydroxylase)
and behavioral changes."” Direct injection of 2,4-D into the rat
brain resulted in the toxicity of basal ganglia.'® However, due
to lack of clinical studies and PD model involving Agent Or-
ange, above mentioned studies showed limited and non-con-
clusive evidence for association between PD and exposure to
Agent Orange.

Among UPDRS motor subscales, patients with exposure to
Agent Orange showed significantly lower facial expression,
higher tremor at rest, rigidity, finger taps, and rapid alternating
movement of hands as compared to patients with no exposure
to Agent Orange. Interestingly, hemispheric UPDRS motor
subscales and AI were higher in patients with Agent Orange
exposure as compared to patients with no exposure to Agent
Orange. The reason of high asymmetry in patients with Agent
Orange exposure is not certain. Generally, a symmetric distri-
bution of motor signs has been found to be associated with
faster progression,'” a higher risk of balance disorder,"” more
restrictions in activities of daily living,'® and with a higher risk
of cognitive impairment.”® Previously reported studies suggest-
ed the possibility of better prognosis in patients with exposure
to Agent orange, as compared to patients with no exposure to
Agent Orange.

Degrees and patterns of FP-CIT uptake are significantly dif-
ferent in patients with exposure to Agent Orange as compared
to patients with no exposure to Agent Orange. All the areas of
FP-CIT uptake were significantly lower in patients with Agent
Orange exposure as compared to their counterpart. Higher Al
of putamen and lower caudate putamen ratio was found in pa-
tients with exposure to Agent Orange. These results suggested
that patients with exposure to Agent Orange showed subtle
differences in clinical and FP-CIT PET pattern as compared to
patients with no exposure to Agent Orange. The FP-CIT PET
imaging pattern suggested the possible severe damage to do-
paminergic neuron in patients with exposure to Agent Orange
as compared to patients with no exposure to Agent Orange.
Why dopaminergic loss in putamen is severe in patients ex-
posed to Agent Orange as compared to their counter-part is
not certain. However, a great depletion in the level of dopami-
nergic markers in the putamen has also been reported in
MPTP induced Parkinson model.*

We are unaware about why these differences occur despite
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similar demographic and H-Y staging. Possible hypothesis is
that early toxicant exposure and slow neuronal damage by
these chemicals may compensate for these structural damage
and functional decline. For example, the long-term prognosis
in early hemiparkinsonian patients is probably better than that
in unilateral IPD due to slower disease progression, despite bi-
laterally reduced putamen dopaminergic terminal function.”

Therefore, it is hypothesized that slow neuronal damage and
possible subsequent compensatory mechanisms might be re-
sponsible for extensive reduction in FP-CIT uptake in all stria-
tal areas despite of similar H-Y stage. To clarify this hypothesis,
the FP-CIT PET imaging study for patients with more mild or
no symptoms of Agent Orange exposed PD may perhaps be
necessary.

The present study has several limitations. First, the included
study populations were mainly mild patients, and as a result,
the study was biased for mild cases (mean H-Y stage 1.6 and
1.5 respectively). Second, though we meticulously recruited
the patients exposed to Agent Orange based on self-reported
survey and military records, due to compensation for Agent
Orange related disease in Korea, the possibility of falsified
study inclusion cannot be ruled out. We were not able to mea-
sure the actual dose of exposure to Agent Orange. Finally, the
present study was a hospital based study, and so might not
represent the real target populations.

In summary, our study showed different clinical findings
and patterns of FP-CIT PET in patients with exposure to
Agent Orange as compared to patients with no exposure to
Agent Orange. The reasons behind existence of such differenc-
es in these patients are not certain, though possible hypothesis
might be suggested through futuristic studies.
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