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The Present Situation of Advancing of Diseases and
Aging in the Wards for children and persons with Severe Motor and
Intellectual Disabilities (SMID) :
A Study of the Cases of Death in the Wards for children and persons with
SMID during the 22 Years from 1986 to 2007

Kuniaki Fukuda and Yoshinobu Nakagawa*

Department of Neurology and Department of Neurosurgery*, NHO Kagawa Children’s Hospital

Abstract We studied the causes and severe complications of patients, who died in the wards for children and
persons with severe motor and intellectual disabilities (SMID), during the 22 years from 1988 to 2007. Of eighty-
four patients who died during the 22 years. fifty patients died in the early period (1988-1996) and thirty-four pa-
tients died in the latter period (1997-2007). As the causes of death, infections (pneumonia and sepsis) and sudden
death decreased in the latter period conspicuously. On the other hand, multiple organ failure and arterial bleeding in-
creased and two patients died due to lifestyle diseases.

The ages of death in the anomaly group were significantly (p=0.01) younger than those in other groups.

The main complications were upper airway constriction (25.0%), gastroesophageal reflux disease (15.5%), renal
failure (4.8%). and diabetes (3.6%). The frequency of upper airway constriction in the latter period was more than
twice compared with that of the early period.

The percentage of patients who were hospitalized and classified as Ohshima’s 1 in the early period was 39% and
that in the latter period became 44%. The percentage of patients who died and were classified as Ohshima’s I in
the early period and in the latter period were 72% and 71%, respectively.

During these 22 years. the aging of patients hospitalized in the wards for SMID advanced remarkably.
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I How Can the National Burden of Parkinson’s Disease Comorbidity
. and Mortality Be Estimated for the Japanese Population?

Yuriko Doi', Tetsuji Yokoyama?, Yoshikazu Nakamura®, Masaki Nagai®,
|| Kenichi Fujimoto®, and Imaharu Nakano®

{Department of Education and Training Technology, National Institute of Public Health, Saitama, Japan

. ZDepartment of Human Resources Development, National Institute of Public Health, Saltama, Japan

| *Depariment of Public Health, Jichi Medical University School of Medicine, Tochigi, Japan

" “Depariment of Public Health, Saliama Medical University, Saitama, Japan

| Division of Neurology, Department of Medicine, Jichi Medical University School of Medicine, Tochigi, Japan

: | Received Oclober 8, 2010; accepted December 22, 2010; released online March 12, 2011

ABSTRACT

Background: Good medical care results in long survival for patients with Parkinson’s disease (PD). However, litile
is known about the burden of PD comoibidity and mortality in Japan. This is the first study to examine comorbid
diseases of PD decedents and extrapolate PD death rates from multiple-cause coding mortality data for the total
population of Japan. '
Methods: Data for 4589 certified deaths due to PD as the underlying cause of death (ICD-10 code: G20) were
obtained from the 2008 Japanese vital statistics. Of those, comorbidities listed in the death ceriificates of 477
randomly selected decedents were analyzed. All diseases or conditions mentioned on death certificates were counted
and ranked in descending order of frequency. The death rates (per 100000 population) from PD were calculated using
Japanese National Vital Statistics. The estimated rate of deaths with PD was extrapolated using US death data from a
multiple-cause coding system, as no such system is available in Japan, with adjustment for the difference in disease
structure between countries.

Results: Average age at death was 80.9 years. The top 5 comorbid diseases ranked as confributory causes of death
were cerebrovascular diseases (4.0%), dementia (3.8%), diabetes mellitus (3.6%), malignant neoplasm (2.5%), and
heart diseases (2.3%). Overall, the death rates from and with PD were 3.6 and 5.8, respectively.

Conclusions: Analysis restricted to data from the underlying-cause coding system underestimated the national
burden of PD comorbidity and mortality. Use of death certificates and multiple-cause mortality data complement the
existing system.

Key words: Parkinson’s disease; comorbidity; mortality; causes of death; Japan

accordance with the rules and guidelines on coding for deaths
and diseases.’ Overall, underlying cause of death data are

INTRODUCTION

Under the Statistics Act of Japan, the Japanese Ministry of
Health, Labour and Welfare is charged with overseeing the
annual collection of vital statistics surveys to analyze vital
events and obtain a basic population data source for policy
making on health, labor, and welfare.! The procedures adhere
to international standards for mortality statistics regarding
underlying cause of death, which is defined by the World
Health Organization as the disease or injury that initiated
the train of morbid events leading directly to death or the
circumstances of the accident or violence that produced the
fatal injury.? Coders select underlying causes of deaths in

reported to capture approximately 90% of deaths mentioned in
the death certificates for malignant neoplasms.* Statistics on
underlying cause of death can be valuable in describing types
of death for which a single primary cause is clinically
considered to contribute.

Parkinson’s disease (PD) is a progressive neuro-
degenerative disorder characterized by the 4 cardinal motor
signs of tremor at rest, bradykinesia, rigidity, and postural
instability, and by other non-motor clinical manifestations.
Average age at onset is approximately 55 years. With the
development of various kinds of treatments, the average age at

Fediress Tor Somrespondence: ko Tor, Deparment of Bdncation and Trmng Teehmology, Nationa Tnstiate 6F PRbIe Heall, 2-3-6 Minansii, Wako, Saitanta

351-0197, Japan (e-mail: yuriko@niph.go.jp).
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death of patients with PI} is now close to that of the general
population. Because the disease is incurable, patients survive
for a long period, often decades, under medical supervision.®

As with other chronic diseases, the causes of PD death are
more likely to represent a number of co-existing conditions
among which there may be no direct etiologic chain to
facilitate the identification of a single underlying cause. To
complement statistics on underlying cause of death, statistics
encompassing multiple causes of death have been introduced
as standard practice in a number of Western countries.
Analysis of multiple cause of death revealed that data on
underlying cause of death represent only 30% to 50% of
deaths with PD mentioned in death certificates.**'° How can
we estimate the national burden of PD comorbidity and
mortality without a multiple-cause coding system for mortality
statistics in Japan? The present study is the first to examine
comorbid diseases of decedents from PD using their death
certificates and to extrapolate PD death rates from multiple-
cause coding mortality data.

METHODS

Data

Death cerlificates

There were 4589 Japanese decedents for whom PD was the
underlying cause of death in the 2008 vital statistics. To
analyze these death certificates, a random sample of decedents
was selected, with a 10% probability for each prefecture.
There were no significant differences in demographic
characteristics between the vital statistics dataset and the
sampled death certificates (Table 1).

Two of the authors (YD and TY) are medical epidemiologists
and transcribed all mentioned causes of death from the copied
death certificates of the sampled decedents, afier obtain-
ing permission to do so from the Statistics and Information
Depariment, Minister’s Secretariat, Ministry of Health, Labour
and Welfare, Japan. The transcribed information did not contain
any personally identifiable information. Based on standard
clinical practice, one author (YD), who has more than 10 years
of experience in clinical medicine, classified all mentioned
causes of death other than PD into several categories of diseases
and medical conditions. The present study was approved in
March 2010 by the Institutional Review Board of the National
Institute of Public Health, Japan.

Vital statistics

Data for 4589 decedents from PD as the underlying cause of
death were extracted from the national mortality database of
vital statistics, after obtaining permission from the Statistics
and Information Department, Minister’s Secretariat, Ministry
of Health, Labour and Welfare, Japan. The International
Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10) uses the code G20 for
PD.>!! The data used in the present study did not contain any
personally identifiable information.

J Epidemiol 2011;21(3):211-216

Estimating Parkinson's Disease Comorbidity and Mortality in Japan

Table 1. Demographic characteristics of decedents for
whom Parkinson’s disease was listed as the
underlying cause of death on death certificates
{Japan, 2008)

All decedents Sampled decedents?
(n=4589) (n=477)
Characteristics - ;
Numberor % or Numberor % or
Mean sSD Mean 8D
Sex
Men 2124 46.3 208 436
Women 2465 53.7 269 56.4
Age®
Men 795 7.2 80.1 7.2
Women 820 7.3 82.7 6.9
Both 80.9 74 81.6 7.4
Marital status
Married 2380 51.9 239 50.1
Single 184 4.0 21 4.4
Bereaved 1865 406 200 41.9
Separated 158 34 17 3.6
Unknown 2 0.0 0 0.0
Occupation
Farming 349 78 48 10.1
Self-employed 242 53 31 6.5
Employed 570 12.8 60 12.5
Other 302 6.6 29 6.1
Unemployed 2718 59,2 266 55.8
Unknown 408 8.2 43 9.0
Place of death
Hospital 3498 76.2 363 76.1
Clinic 156 34 " 2.3
Healthcare
facility for the aged 103 22 15 31
MNursing home 325 74 33 6.9
Home 466 10.2 48 10.1
Other 43 0.9 7 1.5

2Sampled decedents were randomly selected with a 10% probability
from all deaths atiributed to Parkinson’s disease, by prefecture, in
2008.

"Values are means and standard deviations (SDs),

Statistical analysis

Analysis of death cerfificates

All categorized causes or conditions mentioned, other
than PD, in death certificates of the sampled decedents were
counted and ranked in descending order of frequency as 1 of 3
types of causes: immediate, intermediate, or contributory. An
immediate cause is a final disease or condition resulting in death
and is described on the top line in Part (I) of the death certificate.
Intermediate causes are diseases, injuries, or complications
(other than immediate cause) in the chain of events that directly
caused the death and are described in Part () of the death
certificate. Contributory causes are other significant conditions
that contributed to the causes described in Part (I), but did
not directly result in those causes. Contributory causes are
described in Part (II) of the death certificate.’?

Analysis of vital statistics

The number and rate of deaths in individuals for whom PD
was listed as the underlying cause of death were calculated
according to S-year age intervals using the Japanese national
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vital statistics and data on the Japanese population for the year
2008. Currently, there is no multiple-cause coding system
in Japan; however, the US Centers for Disease Control and
Prevention {(CDC) publically releases data on multiple cause-
of-death. Therefore, we calculated the number and rate of
PD as a multiple cause of death according to sex and age
group by weighting the underlying cause of death data from
the Japanese national vital statistics in 2008 with multiple
cause of death data from publically available US national vital
statistics in 2006 (see Appendix).!* The equations, (1)-(3),
are as follows: Prpwy{(G20|Dy) is the proportion of
death certificates mentioned with PD to those for D; as
the underlying cause of death from disease / in the j-th
sex-age-group in Japan; D; is ischemic heart disease
(ICD-10: 120-125), malignant neoplasm (C00-C75),
cerebrovascular disease (160-169), pneumonia (J10-J18),
PD (G20), or other (all other codes). The same is true
for PUSJ(GZOiD,-). PJAPANJ{GZO!D,-):l when D; is G20.
Otherwise, equation (1) can be used: (1) Pupw (G20|D) =

R N
PUSJ(GZOID,') X '“!1:?‘}3‘1&}‘, where RJAPAN,}‘ and RUS,} are the
US.j

death rates from PD as the underlying cause of death in the
j-th sex-age-group in Japan and the United States,
respectively. Equation (1) is used to adjust for the difference
in disease structure between the 2 countries.

Then, the number of multiple-cause deaths from PD in
the death certificate with D; as the underlying cause of death
in the j-th sex-age-group, M;;, is estimated as: (2) M;;=
Niy > Prapan, £G20|D)), where N; ; is the number of the under-
lying cause of death from D; in the j-th sex-age-group. The
number of the multiple cause of death from PD in the j-th sex-
age-group, Mj, is obtained by summing M;; for all underlying

causes of death as: (3) M; = ZM;J-. The sex- and age-

specific rates of multiple-cause of deaths from PD were
calculated by dividing M; by the comesponding sex- and
age-specific Japanese population for the year 2008. The
multiple cause of death rates, by sex and in total, were
calculated from the corresponding numbers of sunumed
multiple-cause deaths and populations.

RESULTS

Mean age at death among PD decedents was 79.5 years for
men, which exceeded the average life expectancy of men in
the general population (79.3 vears), and 82.0 years for
women, which was lower than that of women in the general
population (86.1 years; Table 1).

Table 2 shows all causes or conditions mentioned, other
than PD, in the death certificates of 477 decedents. The 5 most
frequent comorbid diseases listed as contributory causes of
death were cerebrovascular diseases, dementia, diabetes
mellitus, malignant neoplasm, and heart diseases. The most
common immediate or intermediate cause of death was

aspiration or suffocation that caused pneumonia, respiratory
failure, or multiple organ failure leading to death.

Table 3 shows the death rates per 100000 population
according to underlying and multiple cause of death. Both
rates increased with age, from 0.5 and 0.7, respectively, in
those aged 55 to 64 years to 40.8 and 71.3 in those aged 85
years or older. The overall death rate estimated from
extrapolation of US data on multiple-cause deaths was
approximately 1.6 times that obtained from Japanese data on
underlying cause of death: 5.8 versus 3.6, respectively.

DISCUSSION

Death certificate analysis
Our most noteworthy finding was that dementia and diabetes
mellitus appeared together with the 3 leading causes of
death—cerebrovascular disease, malignant neoplasm and
heart disease—as comorbid diseases in a representative
sample of the Japanese PD population. Because our analysis
was able to detect chronic diseases and conditions that, while
not fatal by themselves, could contribute to causing death,
diabetes mellitus was highly ranked in our death certificate
analysis, even though it is not among the 10 leading causes of
death in the underlying-cause coding system of Japanese vital
statistics. Much the same was true for dementia. Dementia is a
major long-term cause of disability in people with PD and is
reported in 30% to 80% of individuals with PD.' The value
observed in the present study, 4.8%, was quite low. This
difference between studies may be due to differences in
methods. The high prevalence of dementia in PD patients was
mostly reported in clinical studies of PD patients who had
undergone comprehensive neuropsychological assessment.
Oral health, which is important in PD,'5 was not mentioned
anywhere in the death certificates of the present study.
Death certificate analysis has limitations. First, there is no

* multiple-cause coding system in Japan. Therefore, it was

impossible to obtain death certificates in which PD was
mentioned, but was not the underlying cause of death, from
the 1.14 million death certificates filed in 2008. It may also be
that parts of the analyzed death certificates were incomplete
or inaccurate because of the possibility that (1) contributory
causes are disregarded in data on underlying canse of death in
national mortality statistics, {2) detailed medical records are
sometimes unavailable at death, especially for decedents with
long periods of morbidity, and (3) physicians sometimes have
difficulty in reporting detailed medical information on the
death certificates of such decedents.

Analysis of vital statistics

The present study showed that analysis restricted to data on
underlying cause of death underesiimates PD mortality in
Japan. Our estimated number of PD decedents was nearly
60% higher than the number of decedents due to PD as the
underlying cause of death.

J Epidemiol 2011,21(3):211-216
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Table 2. All causes or conditions mentioned, other than Parkinson's disease, in death certificates of 477 decedents randomly

Estimating Parkinson’s Disease Comorbidity and Mortality in Japan

selected from 4588 deaths due to Parkinson's disease as the underlying cause of death {Japan, 2008)

Immediate causes? Number % Intermediate causes® Number % Contributory causes® Number %
Aspiration or suffocation 106 22.2  Aspiration or suffocation 84 134  Cerebrovascular diseases 19 4.0
Pneumonia 70 14.7  Senile deterioration 8 1.7 Dementia 18 3.8
Respiratory failure a1 128  Pneumonia 8 1.7  Diabetes mellitus 17 3.6
Senile deterioration 52 108 Dementia 5 1.0 Malignant neoplasms 12 28
Heart diseases 30 8.3  Cerebrovascular diseases 4 0.8 Heart diseases 1 2.3
Multiple organ failure 12 25  Respiratory failure 4 0.8 Lung diseases 10 2.1
CO;y narcosis or hypoxemia ] 1.2  Lung diseases 3 0.8 Infection, sepsis or DIC 8 17
Infection, sepsis or DIC 5 1.0 Heart diseases 3 0.6 Hyperiension or hypotension 8 1.7
Renal diseases 3 o [Neuroleptic malignant 2 4 Diseasssofine 8 17
syndrome gastrointestinal tract
Lung diseases 2 04 Mental disorders 2 04  Fracture 8 1.3
Neuroleptic malignant 2 04  Infection, sepsis or DIC 2 0.4 Connsctive tissue diseases 8 1.3
syndrome
Cerebrovascular diseases 2 0.4  Disuse syndrome 2 0.4 D:segses of arteries or 4 0.8
arterioles
Diseases of the Diseases of the . -
gastrointestinal tract 1 0.2 gastrointestinal tract 2 0.4 Senile deterioration 4 08
Disuse syndrome 1 0.2 CO; narcosis or hypoxemia 2 04 Pneumonia 4 0.8
Unknown 1 0.2 Renal diseases 1 0.2 Mental disorders 4 0.8
Hypertension or hypotension 4 0.2 lLung diseases 4 0.8
Diabetes mellitus 1 0.2 Disuse syndrome 4 0.8
Decubitus ulcer 1 0.2  Aspiration or suffocation 3 08
Anemia or hypoalbuminemia 1 0.2 Liver diseases 3 08
Decubitus ulcer 3 0.8
Raspiratory failure 1 0.2
Anemia or hypoalbuminemia 1 0.2

Abbreviation: DIC, disseminated intravascular coagulation.
2An immediate cause is a final disease or condition resulting in death, described on the top line in Part (1) of the death cerlificate.

bintermediate causes are diseases, injuries, or complications, other than immediate causes, in the chain of events that directly cause death, as

described in Part (1) of the death certificate.

Contributory causes are other significant conditions that contribute to the causes cited in Part (1}, but do not directly result in those causes; they are

described in Part (1) of the death certificate.

Table 3. Number and rate of Parkinson’s disease deaths, based on national vital statistics, by sex and age group {Japan, 2008):

Underlying cause of death versus multiple cause of death

Underlying cause of death

Multiple cause of death®

Rate per 100000

Estimated rate per 100000

Age (years) Number of deaths population Estimated number of deaths population
Men Women Total Men Women Total ien Women Total Men Women Total kS

0-14 0 0 0 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0

15-24 0 [¢] 0 0.0 0.0 0.0 0 0 ] 0.0 0.0 0.0

25-34 0 0 0 00 0.0 0.0 0 0 ¢] 0.0 0.0 0.0

35-44 2 1 3 0.0 0.0 0.0 2 2 4 0.0 00 0.0

45-84 6 7 13 0.1 0.1 0.1 9 10 19 0.1 0.1 0.1

55-64 53 32 85 0.6 0.3 05 83 45 128 0.8 0.5 07

65-74 as1 297 678 54 37 45 623 407 1030 8.8 5.1 6.9

75-84 1187 1214 2401 294 21.2 246 2023 1769 3792 50.1 309 38.8

85+ 495 914 1409 52.4 364 40.8 911 1549 2481 96.5 61.8 713

Total 2124 2465 4589 34 338 38 3652 3782 7434 59 58 58

#The estimated number and rate of multiple-cause PD deaths were calculated according to sex and age group by weighting data on underiying
cause of death from 2008 Japanese national vital statistics with multiple cause of death data from publically available 2006 US national vital
statistics (see reference 13).

standardized PD prevalence and incidence are lower in
Japanese studies than in US studies.'® The underlying cause
of death as a percentage of multiple cause of death reports
was 49% in the US population in 2000-2001 and 56% in
the UK population in 2001-2006.%'° It remains to be seen

In the equation used in the present study, the estimates
were adjusted for differences in disease structure between
the United States and Japan. However, this adjustment counld
not fully account for racial differences between populations
in vulnerabilities and comorbidities regarding PD. Age-

J Epiderniol 2011,21(3):211-216
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Appendix. Number and rate of deaths with Parkinson’s disease mentioned on death certificates, by sex and age group {United
States, 2008): Underlying cause of death versus multiple cause of death

Underlying cause of death

Multipte cause of death

Rate per 100000

Rate per 100000

Age (years) Number qf deaths population Number of deaths population

Men Women Total Men Women Total Men Women. Total Men Women Total
0-14 0 1 1 0.0 0.0 0.0 0 2 2 0.0 0.0 0.0
15-24 0 1 1 0.0 0.0 0.0 0 0 0 0.0 0.0 0.0
25-34 0 0 [} 0.0 0.0 0.0 3 0 0 0.0 0.0 0.0
35-44 4 1 5 0.0 0.0 0.0 4 4 0 0.0 0.0 0.0
45-54 36 18 52 0.2 0.1 0.1 67 30 97 03 0.1 0.2
55-64 251 130 381 1.7 0.8 1.2 450 239 689 3.0 15 2.2
65-74 1512 783 2295 174 7.6 124 2877 1359 4036 30.8 13.3 213
75-84 5517 3544 9061 104.1 457 89.5 9665 6147 16812 1824 79.3 1212
85+ 3894 3741 7635 2307 103.7 144.1 6860 6809 13669  406.3 188.7 258.1
Total 11214 8217 19431 78 54 6.5 19726 14590 34316 134 9.6 1.5

Note: The data source is muitiple cause of death data from publically available US national vital statistics (see reference 13).

whether these percentages are accurate for the Japanese
population.

Epidemiological implications

To estimate more - accurately the national burden of PD
comorbidity and mortality, 2 multidimensional approach is
also required for the Japanese population. This approach is not
a substitute for, but rather an extension of, existing data on
underlying cause of death,>'7!® and has already been adopted
in the United States, the United Kingdom, Sweden, Spain, and
France.'7?! The addition of this multiple-cause coding system
to the current Japanese system would be an ideal long-term
solution. It should also be recognized that, in a multiple-cause
coding system, certain epidemiological catchment areas
should be designated for the regular collection and release
of necessary reference data on comorbidity and mortality
statistics. Most importantly, it is essential to maintain the
quality of death certificates by enhancing understanding of
their importance in the fields of medicine, public health, and
health policy.>”’

Conclusion

The present study showed that analysis using only data
from the underlying-cause coding system underestimated
the national burden of PD comorbidity and mortality. Use of
death certificates and multiple-cause mortality data are thus
desirable complements to the existing system.
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Subregional 6-[' °Flfluoro-L-m-tyrosine Uptake in
the Striatum in Parkinson’s Disease

Sayaka Asari'", Ken-ichi Fujimoto', Akihiro Miyauchi?, Toshihiko Sato®, Imaharu Nakano' and Shin-ichi Muramatsu'

Abstract

Background: In idiopathic Parkinson’s disease (PD) the clinical features are heterogeneous and include different
predominant symptoms. The aim of the present study was to determine the relationship between subregional
aromatic [-amino acid decarboxylase (AADC) activity in the striatum and the cardinal motor symptoms of PD using
high-resolution positron emission tomography (PET) with an AADC tracer, 6-['®Fifluoro-L-m-tyrosine (FMT).
Methods: We assessed 101 patients with PD and 19 healthy volunteers. PD was diagnosed based on the UK Brain
Bank criteria by two experts on movement disorders. Motor symptoms were measured with the Unified Parkinson’s
Disease Rating Scale (UPDRS). FMT uptake in the subregions of the striatum was analyzed using semi-automated
software for region-of-interest demarcation on co-registered magnetic resonance images.

Results: In all PD patients, FMT uptake was decreased in the posterior putamen regardless of predominant motor
symptoms and disease duration. Smaller uptake values were found in the putamen contralateral to the side with
more affected limbs. The severity of bradykinesia, rigidity, and axial symptoms was correlated with the decrease of

tremors and FMT uptake.

FMT uptake in the putamen, particularly in the anterior part, No significant correlation was observed between

Conclusions: Decrease of FMT uptake in the posterior putamen appears to be most sensitive in mild PD and
uptake in the anterior putamen may reflect the severity of main motor symptoms, except for tremor.

Background

Cardinal motor symptoms such as bradykinesia, rigidity,
and tremor in Parkinson’s Disease (PD) become appar-
ent after a depletion of dopamine in the striatum to
approximately 20% of normal levels and a reduction in
aromatic L-amino acid decarboxylase (AADC) activity to
5%-20% of normal levels [1,2]. In PD, dopaminergic
hypofunction in the striatum is not homogenous in
association with the selective loss of ventral intermediate
and lateral cell groups of the substantia nigra pars com-
pacta that project to the posterior part of the striatum
[3], although the reason for this selective vulnerability
remains unknown.

Positron emission tomography (PET) is valuable for
assessing altered dopamine function in PD. The first tra-
cer used to visualize and assess the integrity of dopa-
mine presynaptic systems was 6-[*®F]fluoro-L-dopa

* Correspondence: sasari@jichi.acjp; muramats@jichiacjp

'Division of Neurology, Department of Medicine, Jichi Medical University,
Tochigi, Japan

Full list of author information is available at the end of the article

() BioMed Central

(FDOPA), a fluoro-analog of 1-dopa [4]. FDOPA is
taken up into the dopaminergic axon terminals and dec-
arboxylated by AADC before being trapped and stored
in synaptic vesicles. FDOPA uptake is highly correlated
with viable dopaminergic cells in neurotoxin-lesioned
monkeys [5] and in postmortem human PD brains-[6].
A shortcoming complicating the use of this agent, how-
ever, is that metabolites of FDOPA (such as 3-O-
methyl-[**F]fluoro-L-dopa, which is formed by the action
of the ubiquitous enzyme catechol-O-methyl-transferase
(COMT)) enter the brain and diminish image contrast.
An alternative agent is the non-catecholic tracer 6-[*°F]
fluoro -L-m-tyrosine (FMT). FMT is also a good sub-
strate for AADC but is not metabolized by COMT;
thus, FMT uptake has approximately twice the sensitiv-
ity of FDOPA uptake and more fully represents the
extent of AADC activity [7-10].

To elucidate the relationship between the main motor
symptoms of PD and subregional AADC activity in the
striatum, we applied a semi-automated segmentation
method for extracting putaminal subregions from

@ 2011 Asari et al; licensee BioMed Central Lid. This is an Open Access article distributed under the terms of the Creative Commons
Atribution License (hitp//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.,
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high-resolution FMT PET images that were co-regis-
tered with 3.0-tesla magnetic resonance (MR) images.

Methods

Subjects and clinical evaluation

Qur sample consisted of 101 patients with PD and 19
healthy individuals. PD was diagnosed clinically accord-
ing to the UK PD Society Brain Bank criteria [11]. All of
the patients had bradykinesia and at least one of the
three features of PD: 4-6 Hz resting tremor, rigidity, and
postural instability. All of the patients had asymmetric
onset and showed a positive response to dopaminergic
medication. None exhibited atypical symptoms such as
severe gaze palsy or symptomatic dysautonomia. The
control group included healthy individuals with no his-
tory of neurologic or psychiatric diseases.

Motor symptoms were evaluated using the motor
examination part of the Unified Parkinson’s Disease Rat-
ing Scale (UPDRS). Motor subscores were determined as
follows: tremor (motor UPDRS: 20 + 21), bradykinesia
{motor UPDRS: 23 + 24 + 25 + 26), rigidity {motor
UPDRS: 22), and axial (motor UPDRS: 18 + 19 + 27 +
28 + 29 + 30 + 31). The mini-mental state examination
{MMSE) was used to assess cognitive function.

This study was approved by the Institutional Ethics
Comumittee of Jichi Medical University and all partici-
pants gave written informed consent.

PET imaging

All patients stopped levodopa at least 16 h before PET.
To increase the availability of the tracer, all subjects took
2.5 mg/kg of carbidopa (a peripheral AADC inhibitor)
orally 1 h before FMT injection. Prior to the emission
scan, a 10 min transmission scan was obtained for
attenuation correction. Subsequently, 0.12 mCi/kg of
FMT in saline was infused into an antecubital vein and a
30-90 min static three-dimensional acquisition was
started simultaneously using a PET-CT (GEMINI GXL,
Philips, Amsterdam, The Netherlands). Each subject also
underwent 3.0-tesla MR imaging (Achieva 3.0 T, Philips)
using an inversion recovery (IR) proton density (PD)-
weighted pulse sequence to enhance the contrast of ana-
tomical structures. The PET and MR imaging data were
co-registered with a fusion processing program (Syntegra,
Philips) to produce fusion images. This program provided
manual and point-based image registration as well as
automated methods of gray-value-based image registra-
tion, including a mutual information algorithm [12]. In
addition, an adaptive level set of segmentation was used
for coregistration of CT and MRI imaging data {13].

Serni-automated region of interest analysis
Regicns-of-interest (ROIs) in the putamen and caudate
nucleus were defined in three dimensions (3-D)
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bilaterally on the co-registered MR images where the
striatum was best visualized. The putamen and the head
of caudate nucleus were delineated by manual inspec-
tion on the three to five adjacent MR planes that corre-
sponded to those planes on the PET images. The
putamen was then automatically divided into three parts
in the rostrocaudal direction using dedicated software
for ROI demarcation. The 3-D ROIs {volumes of inter-
est, VOIs) were extracted automatically by connecting
two-dimensional drawings on each plane using a linear
interpolation algorithm for VOI outlines. For reference,
cerebellar ROIs were also defined in 3-D and located
bilaterally on the cerebellar cortex.

Striatal-to-cerebellum ratio (SCR) values of radioactiv-
ity counts were calculated in the 80-90-min frame for
each structure, using bilaterally averaged cerebellar ROI
data as the denominator. For subregional analysis of
their association with major motor symptoms in the PD
subjects, SCR values from the caudate nucleus and each
part of the putamen were analyzed on the contralateral
to the more affected side of limb.

Statistical Analysis

For comparison of more than two groups, one-way ana-
lysis of variance (ANOVA) was used. When the one-way
ANOVA was significant at p < 0.05, post-hoc compari-
sons were conducted using Scheffé’s test. We examined
the correlation of FMT uptake in each part of the puta-
men with disease duration, and with the symptoms of
bradykinesia, tremor, rigidity, and postural instability
assessed on UPDRS motor scores. Non-linear exponen-
tial regression analysis was applied to assess the rela-
tionship between FMT uptake and disease duration
{Prism, GraphPad Software, La Jolla, CA}. SCR values
and the UPDRS scores were compared by Spearman’s
rank correlation coefficient test. P < 0.05 was considered
to indicate a statistically significant difference.

Results

Characteristics of subjects

Demographic and clinical characteristics of the patients
with PD and those of the control subjects are listed in
Table 1 and Table 2. The mean ages of the PD patients
(41 male and 60 female) and the control subjects (6
male and 13 female) were 64.0 years (SD 9.3) and 56.7

Table 1 Clinical Characteristics of the Subjects

Characteristics PD Normal Contrel  p value
Age, year, mean £ 50 840 +93 567 1 113 0.005
Male/Female 41/60 6/13 0542
MMSE 27 £ 26 29+13 0005

MMSE, Mini Mental State Examination,
Data are given as mean = standard deviation {SD) values.
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Table 2 Clinical Charasteristics of the PD patients

Symptom duration, year 60 + 44

More affected side Right 55/Left 46
Hoehn-Yahr stage, on 24 +09
Hoehn-Yahr stage, off 33+ 11

UPDRS score

Total motor 303+ 16
Bradykinesia 986 + 63
Rigidity 615+ 38

Axial 954 + 62
Tremor 480 + 40

UPDRS, Unified Parkinson's Disease Rating Scale.
Data are given as mean + standard deviation (SD} values.

years (SD 11.1), respectively. A wide range of duration
and severity of symptoms was represented among the
patients. The mean duration of symptoms was 6.0 years
(SD 4.4) and the mean UPDRS motor score was 30.3
(SD 16.0). The right side was more affected in 55
patients.

Subregional analysis of FMT uptake

Figure 1 shows representative images of FMT uptake in
a normal subject and in early- and late-stage PD
patients. Among the patients, FMT uptake showed the
most marked decrease in the posterior putamen, regard-
less of disease duration, but significant decrease was
seen throughout the striatum compared with the healthy
controls. There were significant differences between side
(ipsi- vs. contralateral to the more affected limbs),
region (anterior vs. posterior putamen), and diagnosis
(healthy subjects vs. PD group) (P < 0.001) (Figure 2a).
Asymmetry between the striatum of the more and less
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affected sides is preserved, but shows a decrease with
disease progression (Figure 2b).

Decline in FMT uptake with disease duration

Figure 3 shows scatterplots of FMT uptake against
symptom duration in three regions of the putamen con-
tralateral to the more affected limbs. Because age-related
factors such as age at onset of symptoms and age-
related Alzheimer-type pathology may influence disease
duration, we excluded elderly-onset patients (> 70 years
old; n = 19) in this analysis. Exponential regression
curves that best fitted the data for each of the three
regions analyzed are superimposed on the figure.
Between 10 and 15 years of symptom duration, the
FMT for all three curves leveled off to constant values
that showed a statistically significant difference between
the anterior and posterior putamen (p < 0.001). In the
control group, there was no significant difference in
SCR of FMT uptake between younger (< 59 years old,
n = 10) and older (= 60 years old, n = 9} subjects (puta-
men, p = 0.87; caudate, p = 0.81).

Correlation of cardinal symptoms and FMT uptake

To minimize the possibility of including patients with
alternative diagnoses, we analyzed patients who had car-
dinal motor symptoms for at least 3 years {(n = 42). We
obtained positive correlations between the severities of
major motor symptoms: rigidity vs. axial symptoms (r =
0.68, p < 0.001), rigidity vs. bradykinesia (r = 0.56, p <
0.001), bradykinesia vs. postural instability (r = 0.54, p <
0.001), and tremor vs. bradykinesia (r = 0.39, p = 0.014).
However, tremor did not have a significant relation with
rigidity (r = 0.20, p = 0.20) or with axial symptoms (r =

Normal

Figure 1 Representative FMT-PET images of a healthy individual and PD patients. FMT uptake declines asymmetrically in the early stages,
mostly in the posterior putamen, Left: Regions-of-interest in the putamen. H &Y, Hohen and Yahr stage. The bar indicates the range of

radioactive counts per voxel.
L9

H &Y i H&Y IV
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Figure 2 FMT uptake in different subregions of the striatum. Mean FMT uptake in different subregions of the striatum in normal control
and PD patients (a). Comparison by side {b) shows persistant side-side asymmetry of putaminal uptake throughout the disease course, *P < 0.05,
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0.12, p = 045). Axial symptorms, rigidity, and bradykine-
sia scores showed a correlation with FMT uptake in the
contralateral putamen, with the highest correlation in
the anterior putamen, but not in the contralateral cau-
date (Table 3). No significant correlation was evident
between unilateral tremor scores from the most severely
affected limbs and any of the striatal regions. To assess
the potential influence of age, we analyzed older patients
(> 60 years old; n = 25) separately and found similar
correlations between major symptoms and FMT uptake
{Table 4),

& Anterior pulamen
~&- Niddle putamen
~&~ Posterior putamen

Striatal-fo-cerebellum ratio

0 5 19 18
Symptom duration (years)

Flgure 3 Decline in FMT uptake with disease duration. Scatter
plots of FMT uptake against symptom duration in the putamen
contralateral {0 the more affected limb in PD patients. Exponential
decline is observed in all subregions of the putamen, Reduction of
uptake is prominent at onset of the disease.

Discussion

Idiopathic PD is defined as a synucleinopathy in which
Lewy bodies, pathological aggregations of the synaptic
protein o-synuclein, are found in the dopaminergic neu-
rons in the substantia nigra [14,15]. A reduction of
dopamine in the striatum is a consistent finding in PD,
although the clinical features are heterogeneous and
include different predominant symptoms (resting tre-
mor, bradykinesia, rigidity, or postural instability and
gait disorder) with different rates of progression, and
with or without dementia [16-19]. PET imaging is a
valuable tool for assessing altered dopaminergic function
in the striatum in PD. While FDOPA is suitable for
assessing the metabolism of levodopa, FMT is superior
for estimating AADC activity because it enables the pro-
duction of higher-quality brain images [7,20-22]. The
high resolution of FMT-PET images enables analysis of

Table 3 Correlations of UPDRS scores and FMT uptake
ratio values in the each part of the putamen

Putamen Anterior  Middle Posterior  Whole
Symptom duration, -052 -0.56 051 .58
year {<0001) (<0001 {<0.001) {0001}
Total motor score 056 -048 -041 051
{<0.001) (0.002) (0.008) 0.007)
Bradykinesia -0.54 -053 -044 -0.55
(<0.001) (<0.001) {0.005) (<0001
Rigidity -050 -043 -037 044
(0.001) (0.006) 0.018) {0.005)
Axial -060 -0.51 -037 -050
(<0.001) 0.001) {0016) [(es3)]
Tremor 0.069 0085 0.015 0.050
(0658) 0.587) (0.825) 0.747)

‘Data are given as r {p) values, These values were calculated by Spearman’s

rank correlation coefficient tast. UPDRS motor score In off-medication state
was evaluated in 42 subjects.

- 250 -




Asari et al, BMC Neurology 2011, 11:35
hitp://vaww . biomedcentralcom/1471-2377/11/35

Table 4 Correlations of UPDRS scores and FMT uptake
ratio values in the each part of the putamen in elder
patients

Posterior Whole

Putamen Anterior  Middie
Symptom duration,  -0.70 063 -045 070
year (<0001} {<0.005) (<005} (<0001}
Total motor score 056 -050 -037 -046
(=001 (<005} ©07) (<0.035)
Bradykinesia -046 046 -034(008) 046
(<0.05) (<0.08) (<005}
Rigidity 0346 039 031 037
{(<0.05) {0.05) 012 (0.06)
Axial (369 -059 -045 .58
{<0.001) (<001 (<005} (<001}
Tremor 026 (021} 02 (058 006 (077) 014 (05YH

Data are given as r [p) values. These values were calculated by Spearman’s
rank correlation coefficient test. UPDRS motor score in off-medication state
was evaluated in 25 subjects.

dopaminergic presynaptic changes in each subregion of
the striatum.

In the present study, FMT uptake in PD was reduced
in the putamen, particularly in the posterior part. The
anterior-to-posterior gradient of the uptake decrease in
the putamen persisted to the advanced stage of PD.
These results are consistent with those of previous
reports that used other tracers of presynaptic dopami-
nergic terminals, and are considered to reflect the selec-
tive degeneration of nigrostriatal pathways that project
into the posterior part of the putamen [23-25]. The low-
est value of FMT uptake was observed in the posterior
part of the putamen contralateral to the more affected
limbs, even in the early stage of the disease. Because we
analyzed regions in the posterior one-third of the puta-
men on high-resolution images, it is unlikely that the
decreases in uptake were caused by partial volume
effects, which may arise from placement of a small ROI
on inaccurately co-registered images.

Post-mortem investigations of PD demenstrate that
the rate of decrease of nigral neurons is rapid in the
initial stage of the disease: approximately 40%-50% are
lost in the first decade, possibly with 2 slower rate of
degeneration later on, to finally approach a normal age-
related linear decline [26], In the present study, loss of
FMT was well fitted to symptom duration using a single
exponential approximation. The exponential model pro-
vided a better fit than a linear model, indicating that the
rate of decline in FMT uptake in the contralateral puta-
men was faster at the beginning of the disease and slo-
wed down as the disease progressed, in agreement with
the results of previous studies that used radiotracers for
imaging nigrostriatal nerve terminals [23-25]. Because
we performed cross-sectional analysis in the present
study, and because all of the participants were on medi-
cation, the data do not provide accurate information

Page 5 0f 6

regarding the natural course of the disease, even if PET
neasurements were taken in off-medication state. Even
so, the present data are important for assessing the pro-
gression of dopaminergic hypofunction in the striatum
under optimal medical treatment, and can provide the
basis for the development of even better therapeutic
strategies [27,28].

We applied striatal count ratios to analyze the relation-
ships between subregional putaminal FMT uptake and
clinical symptoms. Striatal count ratios using the cerebel-
lum as the denominator have a strong correlation with
striatal uptake constants (Ki values) [29,30]. The present
FMT-PET study showed a significant correlation between
cardinal motor symptoms (rigidity, bradykinesia, and
axial symptoms) and uptake of the tracer in the putamen,
and no significant correlation was found between tremor
score and FMT uptake. These findings are consistent
with the results of previous PET studies [31-33]. The
clinical correlations were more significant in the anterior
part of the putamen than in the posterior part, possibly
reflecting a floor effect for the uptake of FMT in the pos-
terior part of the putamen, where the decrease was severe
even in the early stage of the disease.

The pathophysiclogical mechanism of tremor is not
fully understood [34]. Tremor does not respond to
L-dopa as well as do bradykinesia and rigidity. The fact
that stereotactic lesion or deep brain stimulation of the
ventral intermediate nucleus (Vim) of the thalaoms suc-
cessfully improves tremor indicates a strong association
between non-dopaminergic thalamic and cerebellar sys-
tems, and tremor generation [35,36].

Conclusions

Our results indicate that FMT-PET is useful for evaluat-
ing PD patients from the early stage of the disease and
for studying the relationship between AADC activity
and various clinical features. Decrease of FMT uptake in
the posterior putamen appears to be most sensitive in
mild PD, and uptake in the anterior putamen may
reflect the severity of main motor symptoms, except for
tremor, These data provide an important baseline for
evaluating the effects of surgical interventions, such as
gene therapy for PD.
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenesative disorder, and the majority of ALS are sporadic (SALS).
Recently, several causative genes for familial ALS (FALS) were identified, but the cause of the SALS is still unknown. This time, we
aimed to identify the genetic background of SALS. First, we applied the new sensitive screening methods: high-resolution melting
(HRM) analysis. HRM analysis detected 18 out of 19 known SOD1 gene mutations (94.7% sensitivity). Next, we screened SODI,
three novel mutations (C6Y, Q22H, and $134T) were identified in our own 184 SALS cases (1.63% prevalence), and four mutations
in another 255 SALS cases (1.56% prevalence) registered from all over Japan, The patients with SOD1 mutations suggested a
relatively young onset and limb involvement at onset. The HRM analysis is a sensitive and easy screening method; we will use this

method for screening other ALS causative genes and revealing the genetic background of SALS.

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder primarily affecting motor neurons in the spinal
cord, brain stem, and cerebral cortex. Five to ten percent of
ALS cases are familial; the others are believed to be sporadic
[1}. Mutations in the Cu/Zn superoxide dismutase gene
(SOD1; OMIM 147450) are the most frequent genetic defects
known to underlie ALS, accounting for 20% of familial cases
(FALS) and one to seven percent of apparently sporadic cases
(SALS) [1~7]. Recently, other mutations like the TARDBP
gene (TDP-43) {8, 9], ANG gene [10], FUS/TLS gene {11],
and OPTN gene [12] were identified as causative of ALS.
Despite this genetic heterogeneity, SODI mutations are the
most frequent cause of adult onset ALS. Here, we report the
results of screening for SOD! mutations in the 184 SALS
cases in our hospital and 265 ALS cases all over Japan by
high-resolution melting (HRM) analysis.

HRM analysis is a mutation scanning technique that
monitors the progressive change in fluorescence caused by
the release of an intercalating DNA dye from a DNA duplex
as it is denatured with marginal increases in temperature
[13]. The shifts and shapes of melting curves, there are
obtained as fluorescence difference plots, are used to dis-
tinguish between mutations and controls. HRM analysis
of PCR products amplified in the presence of LC Green
Plus can detect all heterozygous and most homozygous
sequence variations through differences in shape and posi-
tion of a melting curve compared with a wild-type melting
profile. Although single-strand conformation polymorphism
(SSCP) [2, 3, 14-20] and denaturing high-performance
liquid chromatography (DHPLC) {5, 6] seem to be the main
screening strategies for SODI mutations, HRM analysis has
its own advantages. This is the first report of HRM analysis
being applied to the SODI screening. In this paper, we
report the high sensitivity of HRM analysis for known SODI
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TanLE 1: Reported SODI mutations to determine the sensitivity of
HRM analysis.

A4V, L8V, V14G

Exonl

Exon2 H43R

Exon3 D76Y

Exond N86S, A89V, DIOA (hetero), G938, D101G, S105L,
G114A,R115G

Exon5 L126delTT, G127X, A140A, L144F type2, L144FVX

Underlined mutation could not detect the mutation by HRM analysis.

mutations, and the prevalence and clinical features of SODI
mutations in Japanese SALS cases.

2. Patients and Methods

2.1. Patient Group 1. A total of consecutive 184 SALS cases
(109 males and 75 females) visited our Neurology Division
at the Jichi Medical University Hospital in Tochigi, Japan.
Ethical approval was granted by the Bioethics Committee
for Human Gene Analysis of our university and informed
consent was obtained from all subjects according to the
Declaration of Helsinki. Every patient fulfilled the diagnostic
criteria for ALS as outlined by the El Escorial Revisited [21]
classification; 177 definite, probable or possible ALS and 7
suspected ALS. None of the cases had a family history of a
neuromuscular disorder. There was no significant difference
in onset age between 109 males and 75 females (males: 60.4
years on average with a range of 27-80; females: 64.3 years
with a range of 34-83).

2.2, Patient Group 2. In 2006, the Japanese Consortium
for Amyotrophic Lateral Sclerosis Research (JaCALS) was
organized with the aim of investigating the relationships
of clinical and genetic aspects of ALS in Japan. The Ethics
Committee of each institution granted ethical approval.
The inclusion criteria for registration with the JaCALS
are: (1) adult onset, steady progressive course, (2) definite,
probable or possible ALS based on the EI Escorial Revisited
[21] criteria for diagnosis of ALS, and (3) informed consent
for the genetic study and clinical checking every three
months. From 2006 to 2008, 265 patients (10 FALS and 255
SALS) were registered, and blood samples and clinical data
having been obtained by neurologists.

2.3. Reported SOD1 Mutations. We used 19 reported SODI
mutations in all five exons (Table 1) to determine the
sensitivity of the HRM analysis. 19 reported SODI muta-
tions were obtained from our collaborators, Dr. Andersen
P. (Ume# University, Sweden) and Dr. Watanabe Y. (Tottori
University, Japan), and they were already direct sequenced
and confirmed they had the mutations.

2.4. HRM Analysis and Sequencing. Genomic DNA was
extracted from lymphocytes using a standard procedure. We
designed PCR primers for HRM analysis to screen all five

Neurology Research International

exons in SODI1. DNA samples were amplified with double-
stranded DNA-binding dye LC Green Plus (Idaho Technol-
ogy). PCR was performed with a Veriti 96-Well Thermal
Cycler (Applied Biosystems) in 10uL reaction mixtures
comprising 10ng DNA, 1XPCR buffer, LC Green Plus
(Idaho Technology), and 1 U Tag polymerase, with 0.25 yM
each forward and reverse primers. Initial denaturation was
performed at 95°C for 2 min, followed by 45 cycles of 94°C
for 30 sec and 62—68°C for 30 sec, with a final cycle of 94°C
for 30 sec and 25°C for 30 sec.

We performed melting acquisition with a 96-well Light
Scanner (Idaho Technology). The plate was heated from 80
to 98°C at 0.1°C/sec with a 300ms frame interval, 15ms
exposure, and 100% LED power. Light Scanner Software was
used for melting curve analysis. The Light Scanner analyses
of 96 samples were performed in around 10 min. Sequencing
of samples indicated to include mutations was then carried
out using a BigDye Terminator v1.1 Cycle Sequencing Kit
(Applied Biosystems) and an ABI 310 automated sequencer
(PE Applied Biosystems).

First we examined 19 reported SODI mutations to deter-
mine the sensitivity of HRM analysis. Next, we applied this
method to Japanese ALS patients for mutation screening of
SOD1.

3. Results

3.1, Sensitivity of HRM Analysis, HRM analysis clearly
distinguished 18 of 19 previously identified SODI mutations
from normal controls. The mutation detection sensitivity
was 94.7% for the reported mutations. The melting curves
of control samples (wild-type) were tightly grouped for all
fragments, and altered difference curves were easily identified
for the 18 mutations (Figure 1). The muitation that could not
be detected was Gly 114 Ala,

3.2. SOD1 Mutations and the Clinical Characteristics in
Group 1. We found SODI mutations in three out of the 184
SALS cases (1.63%) in the group 1. The mutations identified
were all novel: Cys 6 Tyr (C6Y) and Gln 22 His (Q22H) in
exon 1, and Ser 134 Thr ($134T) in exon 5 (Figure 2).

In case 1, a 34-year-old woman, there was a single-base
pair substitution in exon 1 at codon 6 (TGC to TAC). This
change created a cysteine 6 to tyrosine missense mutation
(C6Y). She awoke with painful cramping and weakness in
the right leg almost every morning at the age of 33 years.
The cramping resolved, but her right leg weakness pro-
gressed and become accompanied by fasciculation. One year
after the onset, neurological examination showed marked
muscle atrophy and prominent fasciculation in her right
leg. Tendon reflexes were normal, and planiar responses
were flexor. Sensations in all four modalities were intact.
Nerve conduction studies revealed mild reduction of motor
nerve conduction velocity without conduction block, Needle
electromyographic analysis showed repetitive discharges and
hyperexcitability only in the right leg. Extensive screening
for causes of the motor neuropathy was negative, The
muscle weakness and atrophy progressed, and spread to the
other parts of her body despite treatment with intravenous
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