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Temporal changes and geographical differences
in multiple sclerosis phenotypes in Japanese:
nationwide survey results over 30 years

M Osoegawa’, J Kira", T Fukazawa?, K Fujihara?, S Kikuchi*, M Matsui®, T Kohriyama®, G Sobue’,
T Yamamura®, Y Itoyama?, T Saida®, K Sakata', H Ochi’, T Matsuoka® and The Research
Committee of Neuroimmunological Diseases

Background There are two distinct phenotypes of multiple sclerosis (MS) in Asians, manifesting as
optic-spinal (OSMS) and conventional (CMS) forms. In Japan, four nationwide surveys of MS have
been conducted. The first three were in 1972, 1982, and 1989, and we performed the fourth in 2004.
Results The recent survey showed six main findings as follows: (1) a four-fold increase in the esti-
mated number of clinically definite patients with MS in 2003 (9900; crude MS prevalence,
7.7/100,000) compared with 1972; (2) a shift in the peak age at onset from early 30s in 1989 to
early 20s in 2003; (3) a successive proportional decrease in optic-spinal involvement in clinically def-
inite patients with MS; (4) a significant north-south gradient for the CMS/OSMS ratio; (5) after sub-
division of the mainland (30-45° North) into northern and southern parts at 37°N, northern-born
northern residents (northern patients) showed a significantly higher CMS/OSMS ratio and higher
frequency of brain lesions fulfilling the Barkhof criteria (Barkhof brain lesions) than southern-born
southern residents (southern patients); (6) among northern patients, the absolute numbers of
patients with CMS and those with Barkhof brain lesions rapidly increased with advancing birth year.
Conclusions These findings suggest that MS phenotypes are drastically altered by environmental factors,
such as latitude and "“Westernization.” Multiple Sclerosis 2009; 15: 159-173. http://msj.sagepub.com

Key words: epidemiology; lapanese; latitude; magnetic resonance imaging; multiple sclerosis; optic-spinal

Introduction genetic and environmental factors [1]. MS is rare

in Asians, but when it does occur, selective and
Multiple sclerosis (MS) is an inflammatory demye- severe involvement of the optic nerve and spinal
linating disease of the central nervous system (CNS) cord is characteristic [2]. In 1958, Okinaka, et al.
that results from a complex interplay between (1958) first reported a series of Japanese patients
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with demyelinating diseases, among whom 175 of
270 cases were described as having Devic's neuro-
myelitis optica (NMO), and classical MS was rare.
These early researchers also found intermediate
cases between NMO and classical MS [3,4]. There-
after, only monophasic NMO has been referred to
as NMO, while relapsing NMO is included within
the spectrum of MS. In Japan, the latter group has
been designated as having the optic-spinal MS
(OSMS) and its clinical criteria, proposed in 1996
[5], have frequently been used in clinical research
on Japanese patients. Recently, NMO-IgG, a newly
identified marker for NMO [6], was also detected in
a fraction of Japanese patients with OSMS [7,8], and
OSMS is now postulated to be the same disease as
relapsing NMO [9]. However, further studies are
required to clarify whether MS, OSMS, and NMO
are distinct diseases or whether they form a contin-
uum [8-11].

NMO is also a major demyelinating disease in
Africans [12,13]. Differences in phenotypes among
races are assumed to result from genetic differences
[14]. However, studies on migrants have shown
changes in not only the prevalence but also the
phenotype of MS, which are attributable to the
early-life environment [15-21]. Asian and African
descendents in the United Kingdom [17,18] and
returning migrants from France to the French
West Indies [21] are behind the emergence of classi-
cal MS in place of NMO in these populations,
whereas Caucasian descendents in tropical Colom-
bia show more frequent optic-spinal involvement
[20]. Although these migration studies indicate the
influence of exogenous factors on MS susceptibili-
ties and phenotypes, such interpretations must be
made with caution because the admixture of genes
could be equally influential [14], as observed in a
genetic study on Mexican mestizos, which showed
that patients who presented with classical MS also
harbored more Caucasian genes [22].

An alternative method for determining whether
genetic or environmental factors are responsible for
the manifestation of demyelinating diseases is to
investigate phenotypic changes over time in genet-
ically homogeneous and geographically isolated
populations that have experienced rapid environ-
mental changes. Japanese, for whom interracial
marriage with Caucasians remains exceptional, are
suitable for such a study. Because nationwide sur-
veys of MS in Japan were conducted using essen-
tially identical criteria in 1972, 1982, and 1989
[23,24], we decided to perform a fourth nationwide
survey in 2004 to uncover any phenotypic changes
in MS that have occurred during Japan’s period of
"Westernization.”

Multiple Sclerosis 2009; 15: 159-173

Methods

Survey procedures

The fourth nationwide survey of MS was conducted
by the Research Committees of Neuroimmunologi-
cal Diseases and of Epidemiology of Intractable Dis-
eases, sponsored by the Ministry of Health, Labour
and Welfare, Japan. The study was approved by the
Kyushu University Ethics Committee. The survey
was undertaken in two steps. First, a preliminary
survey was undertaken to ascertain the approximate
number of patients with MS in Japan, and second, a
survey was conducted using a questionnaire sheet
for each patient. The hospitals included in the
study were randomly selected from the directory
of all registered hospitals throughout Japan. Selec-
tion was made according to a stratification based
on the number of beds in each hospital, in which
increasing numbers of beds led to increasing proba-
bilities of being selected [25]. The sampling rates
were approximately 8%, 13%, 24%, 43%, 83%,
and 100% for the strata of general hospitals with
20-99 beds, 100-199 beds, 200-299 beds, 300-399
beds, 400-499 beds, and 500+ beds, respectively. All
university hospitals and as well as those in which
council members of the Japanese Society of Neuro-
logy and members of the Committees of Medical
Facilities for Children and the Japanese Society of
Child Neurology were working were also surveyed.

The questionnaire for the preliminary survey on
patients with MS who visited hospitals due to
disease within the period from January 1 to Decem-
ber 31, 2003 was mailed to 6708 departments (com-
prising 1933 neurology/internal medicine, 1227
orthopedics, 997 psychiatry, 945 pediatrics, 831
ophthalmology, 759 neurosurgery, and 16 rehabili-
tation departments) together with the diagnostic
criteria in January 2004. In Japan, all patients with
MS, including monophasic NMO, are requested to
visit hospitals at least once every year for registra-
tion of intractable diseases with the government to
be subsidized for their medical costs, which are not
covered by health insurance. Following the collec-
tion and collation of the first questionnaire, a
second questionnaire was forwarded to those insti-
tutions reporting patients in the first survey. The
second questionnaire requested detailed clinical
information on individual patients, including their
ages at onset and examination, sex, birthplace,
present address, symptoms based on history and
signs from physical examination (Supplementary
Table), laboratory findings, course, treatment, and
prognosis. Patients reported by more than one
hospital or department were treated as duplicates.

http://msj.sagepub.com
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Supplementary Table Neurological symptoms or signs during
the course of illness in clinically definite cases of multiple sclerosis

Clinically definite MS?
1989 (n =861) 2004 (n = 1493)

Mental impairment 20.4 17.4
Aphasia, apraxia, agnosia 5.1 4.1
Generalized convulsion 8.3 3.8
Visual loss 70.4 56.1
Optic atrophy 52.2 32.3
Visual field defect 334 21.8
Diplopia 28.4 213
Intemnuclear ophthalmoplegia 6.1 7.9
Nystagmus 36.5 271
Dysarthria 30.5 21.9
Dysphagia 17.7 10.4
Facial palsy 18.3 13.3
Quadriparesis 38.3 18.4
Paraparesis 48.3 43.4
Hemiparesis 375 35.5
Spasticity 55.9 47.6
Babinski reflex 64.1 58.7
Sensory disturbance
Face 25.6 21.2
Segmental 36.8 345
Below a certain level 31.3 37.9
Hemi 33.8 33.7
Transverse myelitis 36.7 27.4
Recurrent 22.2 15.4
Limb ataxia 37.4 26.3
Truncal ataxia 335 30.5
Disturbance in urination 61.1 49.6
Painful tonic spasm 28.7 18.1
Lhermitte sign 325 29.7

a9 of all cases for which information could be obtained regard-
ing each of these items.

Diagnostic criteria

The diagnostic criteria used for the present survey
were based on those used for the first nationwide
survey in 1972 [23], except that the limitation of
age at onset was removed, as it was in the third sur-
vey [24]. The criteria required multiplicity in time
and space and were essentially the same as Schuma-
cher's criteria [26]. Briefly, the criteria used for
relapsing-remitting MS in the present survey
consisted of three items for clinically definite MS:
(1) symptoms and signs due to multifocal lesions
in the CNS (more than two lesions in the CNS);
(2) remissions and exacerbations (multiplicity in
time); and (3) exclusion of other diseases, such as
tumors, syphilis, cerebrovascular accident, cervical
spondylosis, angiomas, subacute myelo-optico-
neuropathy, neuro-Behget, cerebellar degeneration,
human T-lymphotropic virus-l-associated myelopa-
thy/tropical spastic paraparesis, and collagen
diseases. Clinically definite MS fulfilled all of the
criteria, while a diagnosis of possible MS was made
when all three criteria for clinically definite MS
could not be fulfilled, but the signs were suggestive.
The criteria for primary progressive MS (PPMS) were

http:// fnsj.sagepub.com
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taken from McDonald’'s criteria [27]. Data from
cases with monophasic NMO were also collected.
The criteria for monophasic NMO were as follows:
acute bilateral visual impairment (optic neuritis)
and transverse myelitis occurring successively
within several weeks.

Classification of clinical phenotypes

The classification of MS subtypes was solely based
on the clinically estimated sites of the lesions. The
second questionnaire requested the responders to
check the clinically estimated sites of the iesions
according to the symptomatology during the
entire clinical course among the following sites:
optic nerve, cerebrum, cerebellum, brainstem, and
spinal cord. Moreover, the questionnaire also
requested the responders to check for the presence
of any of the signs and symptoms listed in Supple-
mentary Table during the entire clinical course.
The survey center classified each case into the
following clinical subtypes based on the clinically
estimated lesion sites reported by each institution:
OSMS involving the optic nerve and the spinal
cord; optic-brainstem-spinal MS (OBSMS) involv-
ing the optic nerve, brainstem, and spinal cord;
brainstem-spinal MS (BSMS) involving the brain-
stem and the spinal cord; spinal MS (SMS) involv-
ing only the spinal cord, which was identical to
recurrent myelitis without any known cause; and
conventional MS (CMS), which involved muitiple
sites of the CNS, including the cerebrum or cere-
bellum. If there was no information on the lesion
sites or the symptoms and signs during the entire
course were incompatible with the lesion sites, the
cases were placed into the unclassified category. As
SMS is generally regarded as a limited form of
OSMS [28], OSMS and SMS were grouped together
and compared with other forms (CMS, OBSMS,
and BSMS) that involved multiple sites of the
CNS (such as the cerebrum, cerebellum, and brain-
stem) in some analyses. Because many intermedi-
ate cases between relapsing NMO and classical MS
[3]1 have been reported in Japanese, the term
“relapsing NMO" was not used in the four nation-
wide surveys. Thus, relapsing NMO was considered
to be included in the OSMS subgroup in the pres-
ent survey, according to the confined involvement
of the optic nerve and the spinal cord. This was
distinct from CMS presenting with muitiple sites
of CNS involvement including the cerebrum or
cerebellum.

Statistical analysis
The estimated total number of patients with MS in

Japan was calculated by summing the figures for the

Multiple Sclerosis 2009; 15: 159-173
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total reported number of patients in each stratum
divided by the ratio of responding institutions to
the number of surveyed institutions in each stra-
tum. The formulas used to estimate the total num-
ber of patients and the 95% confidence intervals
(Cls) have been described in detail elsewhere
[29,30]. The crude prevalence rate per 100,000 peo-
ple was determined from the population of Japan in
2003. Statistical analyses of numerical variables
were initially performed using the Kruskal-Wallis
H test. When statistical significance was found,
the Mann-Whitney U test was used to determine
the statistical significance of differences among
subgroups. Uncorrelated P values were multiplied
by the number of comparisons (Bonferroni-
Dunn’s correction) to calculate corrected P values.
Differences in the ratios between two groups were
tested for significance by the +2 test or Fisher exact
test when the criteria for the +2 test were not ful-
filled. All statistical analyses were performed by
three committee members (MO, TM, and KS).

Results

Comparisons with previous survey results

In the preliminary survey, 3749 institutions (55.9%)
responded and reported 4827 patients with MS,
including 849 patients with possible MS. In the sec-
ond questionnaire, detailed data were collected for
1919 patients (39.3% of the preliminary survey),
including 30 duplicate cases. There were no signifi-
cant regional differences in the response rates.
Specifically, there was no significant correlation

between the response rate and the northern latitude
of present residence in either the preliminary
(r=0.067, P=06522) or second (r=0.048,
P =0.7431) survey by Spearman’s rank correlation
test. Thus, the estimated number of clinically defi-
nite patients with MS in 2003 was 9900 (95% ClI:
9100-10,700), representing a four-fold increase
compared with the first nationwide survey in 1972
(Table 1) [23]. The estimated crude prevalence was
7.7/100,000 (95% CI: 7.1-8.4). The proportions of
patients with clinically definite MS and female
patients had increased since the first survey. The
percentage of patients with monophasic NMO
among all patients with MS as well as the absolute
number of patients with this subtype had progres-
sively decreased over time (Table 1: absolute num-
bers as follows: 82 in 1972, 77 in 1982, 46 in
1989, and 22 in 2004). Compared with the third
nationwide survey, the peak age at onset had
decreased and the second peak in the early 50s
had disappeared (Figure 1A). Visual loss at onset
and during the entire clinical course and optic atro-
phy during the entire course had decreased over the
period of the four surveys. When the small numbers
of patients with PPMS (n = 40) in the present survey
were omitted, all statistical analyses gave essentially
the same results as those described in the following
sections (data not shown).

Clinical features and classification of patients
with MS

Based on the clinically estimated sites of lesions,
1493 patients with clinically definite MS and com-
pleted questionnaires were classified as having CMS

Table 1 Comparison of demographic features among the four nationwide survey

Year of survey 1972 1982 1989 20042
Estimated number of clinically definite patients with MS 2280 ND 3700 9900
Number of cases collated for the final survey 1084 1518 1270 1889
Sex ratio (male:female) 1:1.7 1:2.3 1:2.6 1:2.9
Clinically definite MS (%)? 46.9 55.9 67.8 84.5
Monophasic NMO (%)P 7.6 5.1 3.6 1.2
Age at onset (mean = SD, years)® 33+13 32+13 34113 32+13
Age at examination (mean + SD, years)P 39113 40+13 41+14 42 +14
Mean disease duration (years)® 6 8 8 10
Familial occurrence (%) 1 1.3 ND 1.1
Visual loss at onset (%) 41.8 34.6 36.6 29.5
Visual loss during entire course (%) 79 ND 70.4 56.1
Optic atrophy during entire course (%) 62 ND 52.2 32.3
Quadriparesis during entire course (%) ND ND 38.3 18.4
Transverse myelitis during entire course (%) ND ND 36.7 27.4

MS, multiple sclerosis; ND, not determined; NMO, neuromyelitis optica,
?Interferon beta-1b, the only disease-modifying drug available in Japan since 2001, was administered in 37.2% of the cases in 2003,

bData from all patients with MS including possible MS and monophasic NMO are shown. When the small humbers of

primary pro-

gressive patients with MS (n = 40) in the present survey were omitted, all statistical analyses in the following sections gave essentially

the same results.

Multiple Sclerosis 2009; 15: 159-173
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(A) Distribution of age at onset in all patients
with clinically definite MS

{B) Proportion of MS subtypes based on the clinically estim
sites of the lesions
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Figure 1 (A) Distribution of ages at onset in all patients with clinically definite MS. (B) Proportions of MS subtypes based on
the clinically estimated sites of lesions. (C) Relationships between the OSMS percentages in the 46 prefectures of Japan and
the northern latitudes of prefecture office locations. (D) CMS/OSMS ratios in relation to place of birth and residence. (E) Fre-
quencies of brain magnetic resonance imaging lesions fulfilling the Barkhof criteria in relation to place of birth and residence.
In (A), the proportions of patients with MS at each age at onset in 1989 have been adjusted to the age distribution of the
Japanese population in 2003. Note that the age at onset curve shifts toward the younger side in 2004, whereas the second
peak around the early 50s seen in 1989 is no longer evident. in (B), only those patients with known birthplace and present
residence were analyzed. Here, the proportions of patients with MS showing the CMS, OBSMS, and BSMS phenotypes are
higher among northern patients than among southern patients, whereas the OSMS and SMS phenotypes show the reverse
trend. In (C), there is a significant positive correlation between the OSMS percentage and the latitude of the place of resi-
dence (P < 0.05). The same is true for the birthplace (P < 0.05) (data not shown). In (D), the lapanese mainland (inset in D),
located from 30° North to 45° North, is arbitrarily divided into northern and southern parts at a latitude of 37° North. The
respective CMS/OSMS ratios are shown for northern-born northern residents (Ne N), southern-born southern residents
(S* S), northern-born southern residents (N S) and southern-born northern residents (S N). The CMS/OSMS ratio is signif-
icantly higher in northern-born northern residents (northern patients) than in southern-born southern residents (southern
patients) (P < 0.001). In (E), among patients with CMS, brain lesions fulfilling the Barkhof criteria are significantly more com-
mon in northern patients than in southern patients. Among patients with CMS, the frequency of Barkhof brain lesions is sig-
nificantly lower in northern-born southern residents than in northern-born northern residents. The frequencies of Barkhof
brain lesions in the OSMS groups are not shown in migrants because the sample numbers were too small. BSMS, brainstem-
spinal form of muitiple sclerosis; CMS, conventional form of multiple sclerosis; n, number of patients whose information was
obtained; OBSMS, optic-brainstem-spinal form of muitiple sclerosis; OSMS, optic-spinal form of multiple scierosis; SMS, spinal
form of multiple sclerosis.

(57.7%), OBSMS (5.8%), BSMS (4.6%), OSMS
(16.5%), SMS (10.6%), or unclassified MS (4.9%)

CMS and OSMS (Table?2). Comparisons of the
clinical features between patients with CMS and

(Figure 1B). There were no significant differences
in disease durations among the subtypes other
than a significantly shorter disease duration in
patients with SMS compared with patients with

http://msj.sagepub.com

OSMS showed significant differences in many
aspects, similar to previous findings in Japanese
patients [2]. Compared with patients with CMS,
patients with OSMS showed a significantly higher

Multiple Sclerosis 2009; 15: 159-173
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age at onset, greater proportion of women, higher
expanded disability status scale (EDSS) of Kurtzke
score [31], and higher frequencies of bilateral
visual loss, transverse myelitis, paraparesis, sensory
impairment below a certain level, and sphincter
disturbance. By contrast, patients with OSMS had
significantly lower frequencies of secondary
progression and increased 1gG index in the cerebro-
spinal fluid (CSF) than patients with CMS. The
occurrences of brain lesions fulfilling the Barkhof
criteria [32] (Barkhof brain lesions) and each item
of the criteria were significantly higher in patients
with CMS than in patients with OSMS (P < 0.001),
whereas longitudinally extensive spinal cord lesions
(LESCLs) extending across three or more vertebral
segments and gadolinium-enhanced spinal cord
lesions showed the reverse trend (P<0.001)
(Table 2).

Regarding the other subtypes classified on the
basis of the clinically estimated lesion sites,
although the disease durations did not differ signif-
icantly among patients with OSMS, OBSMS, and
BSMS, patients with OBSMS and BSMS showed
lower frequencies of transverse myelitis and sensory
levels, higher frequencies of brain magnetic reso-
nance imaging (MRI) lesions and less frequent
occurrence of LESCLs than patients with OSMS
(Table 2). Patients with OBSMS and BSMS showed
some similarities to patients with CMS due to
their higher frequencies of brain lesions, although
patients with BSMS had lower EDSS scores and
patients with OBSMS had more frequent bilateral
visual impairment and LESCLs than patients with
CMS. By contrast, patients with SMS were similar
to patients with OSMS in many aspects, including
higher age at onset, fewer brain MRI lesions, and
higher frequency of LESCLs, although the severity
of the spinal cord lesions represented by the EDSS
scores was milder and an increased 1gG index was
more frequently observed in patients with SMS
than in patients with OSMS, suggesting the possi-
bility that SMS is, for the most part, an incomplete
form of OSMS during the early course of disease.
Therefore, in the following sections, the compari-
sons between patients with CMS and OSMS by
geography and year of birth are supplemented
by additional analyses in which OSMS and SMS
patients were combined into one group (27.1% of
all patients with MS) and patients with CMS,
BSMS, and OBSMS were combined into another
group (68.1% of all patients with MS).

Differences in clinical phenotypes by latitude
and year of birth

A significant negative correlation was found between
the proportion of patients with OSMS and the
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northern latitude of present residence (r=-+0.31,
P =0.04) (Figure 1C). When the mainland (30-45°
North) was subdivided into northern and southern
parts at approximately the midpoint (37° North),
northern-born northern residents (defined as north-
ern patients) showed a significantly higher CMS/
OSMS ratio than southern-born southern residents
(southern patients) (Figure 1D). Both the patients
with OBSMS and BSMS showed some similarities
to patients with CMS in terms of their clinical
features, and these forms of the disease were twice
as common in northern patients than in southern
patients, whereas SMS with similar demographic
features to OSMS was more common in southern
patients than in northern patients (Figure 1B).
Thus, the CMS+OBSMS+BSMS/OSMS+SMS ratio
was also significantly higher in northern patients
than in southern patients (data not shown).
Migrants, especially northern-born southern resi-
dents, showed intermediate CMS/OSMS ratios
between those of the northern and southern patients
(Figure 1D).

The CMS/OSMS ratio increased dramatically with
advancing year of birth among northern patients,
but such a trend was more modest among southern
patients (Figure 2A, B). There was a steady increase
in the absolute numbers of patients with CMS
among both northern and southern patients with
advancing year of birth, whereas the numbers of
patients with OSMS showed a modest tendency to
decrease with advancing year of birth among
northern patients, but had no definite trend
among southern patients.

Differences in MRI findings by latitude and year of
birth

Among the patients with CMS, northern patients
showed a significantly higher frequency of Barkhof
brain lesions than southern patients (P < 0.001) and
northern-born  southern residents (P =0.02)
(Figure 1E), whereas southern patients had signifi-
cantly more LESCLs than northern patients
(P <0.001) (Supplementary Figure 1A). When the
CMS+OBSMS+BSMS and OSMS+SMS groups were
analyzed, essentially the same results were obtained
(data not shown). The proportions and absolute
numbers of patients with Barkhof brain lesions
steadily increased with advancing year of birth
among both northern and southern patients, but
the trend was far more marked in northern patients
(Figure 2C, D). The proportions of patients with
LESCLs successively decreased with advancing year
of birth among both northern and southern
patients, whereas the absolute numbers remained
largely unchanged over the wide range of birth
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(A) CMS/OSMS ratio in northern Japan (B) CMS/OSMS ratio in southem Japan

No ratio ratio
g CIS/OSMS ratio NO [~~e— CMS/OSMS ratio

aor OSMS {n=44) 114  160r OSMS (n=145} M4
=  CMS (n=235) ] 1  CMS (n=378)

12 112

60 110 1200 110

18 I 18

30 16 % 18

14 407 14

- 12 12

04926 1945 1955 1965 1975 © O 1926 1945 1955 1965 1975 O

-1944 1954 -1964 -1974 -1998 -1944  -1954 -1964 -1974 -1998
Year of birth Year of birth

(C) Barkhof brain lesions in northern patients

{D) Barkhof brain lesions in southern patients

N *B hi:a{lkf;mf briain ’es(io;‘((%%w) (0/ ) No %= Barkhof brain lesion (%) (0/)
0 | B2l Bahkohibrain lesion (+) (n= o o H o
AN _~ | B8 Bahkohfbrain lesi =178) .
12 [] Barkhof brain lesion {-) {(n=189) 70 200 e Baa(k)(zof !::::1 ﬁ!ssxg:w((‘g ?r:= 470) 70
60 160
80 50 150 150
40 400} 140
30 130
40 20 5o}t 120
L 410 _ 110
0 R N 4 o 0 =] . N : N 0
1926 1945 1955 1965 1975 1926 1945 1955 1965 1975
-1944 -1954 -1964 -1974 -1998 -1944 -1954 -1964 -1974 -1998
Year of birth Year of birth
(E) LESCLs in northern patients (F) LESCLs in southern patients
—+— LESCL (+) (%) = LESCL (+) (%)
No LESCL (+) (n=67) (%) No LESCL {+) (n=172) (%)
12C]’ 3 LESCL (-) (n=273)| . 80 180 O LESCL (-) (n=391) ~60
190 420t 10
80T 140 440
. 30 80 5 T 30
40t 420 .
0 40 20
J i 10 110
0 ™H926 1945 1955 1965 1975 © O 926 1945 1955 1965 1975 ©
-1944 1954 -1964 -1974 -1998 -1944 -1954 -1964 -1974 -1998
Year of birth Year of birth

Figure 2 Changes in the clinical phenotypes of patients with clinically definite MS in relation to year of birth. CMS/OSMS
ratios and absolute numbers of patients with each phenotype in relation to year of birth among northern (A) and southern (B)
patients. Changes in the proportions and absolute numbers of patients with Barkhof brain lesions in relation to year of birth
among northern (C) and southern (D) patients. Proportions and absolute numbers of patients with LESCLs in relation to year of
birth among northern (E) and southern (F) patients. in (A) and (B), the CMS/OSMS ratios are compared between northern and
southern patients and configured according to the year of birth. The ratio steadily increases with advancing year of birth. Each
bar indicates the absolute number in each group in the indicated birth years while each dotted line shows the changes in the
ratios or percentages. In (C-F), the proportions and absolute numbers of patients with brain lesions fulfiling the Barkhof criteria
are increased among northern patients with descending year of birth, while only the proportions of patients with LESCLs
decrease with descending year of birth among both northern and southern patients. Bars indicate the absolute numbers in
each group with the indicated birth years, while dotted lines show the changes in the positive percentages of the indicated
groups. BSMS, brainstem-spinal muiltiple sclerosis; CMS, conventional multiple sclerosis; LESCLs, longitudinally extensive spinal
cord lesions extending for three or more vertebral segments on MRI; n, number of patients whose information was obtained;
OBSMS, optic-brainstem-spinal multiple sclerosis; OSMS, optic-spinal multiple sclerosis; SMS, spinal multiple sclerosis.

years (Figure 2E, F). The frequency of Barkhof brain
lesions was significantly higher in patients born
after 1955 than in those born before 1954 among
northern patients (P <0.001), but not among

southern patients. The frequencies of patients with
LESCLs were significantly higher among patients
born before 1954 than among those born after 1955
(P < 0.001).
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Differences in the distributions of MS subtypes
by latitude and year of birth

The proportions and absolute numbers of patients
with CMS with Barkhof brain lesions, a classical
form of Western-type MS, increased steadily with
advancing year of birth in both northern and
southern patients, but these increases were more
pronounced in northern patients than in southern
patients (Supplementary Figure 1B, C). The propor-
tions of OSMS+SMS patients with LESCLs, re-
presenting a prototypic form of Asian-type MS,
decreased among recently born patients in both
the northern and southern groups, but decreases
in absolute numbers were only modestly seen in
those born after 1955 and only in the northern
group (Supplementary Figure 1D, E). On the other
hand, the absolute numbers of OSMS+SMS patients
without LESCLs increased among northern patients
born after 1955 (Supplementary Figure 1D). The
same was also true for patients with OSMS (data
not shown). By contrast, there was a trend toward
increases in the proportion and absolute number of
patients with LESCLs with advancing year of birth
among northern patients with CMS, but the increase
in absolute number was minimal among southern
patients with CMS (Supplementary Figure 1F, G).

Multiple logistic analyses

Multiple logistic analyses showed that CMS pheno-
type (P < 0.0001), northern residence (P < 0.0001),
increased CSF I1gG index (P =0.0064), and EDSS
score (P =0.0380) had significant positive associa-
tions with Barkhof brain lesions, whereas marked
CSF pleocytosis was negatively associated with
these measures (P = 0.0026) (Table 3). By contrast,
EDSS score (P<0.0001), marked CSF pleocytosis
(P = 0.0007), OSMS (P =0.0007), and disease dura-
tion (P=0.0284) were positively associated with
LESCLs, whereas increased 1gG index was negatively
associated (P =0.0398) (Table4). In analyses for
either Barkhof brain lesions or LESCLs, substitution
of CMS with CMS+OBSMS+BSMS, OSMS with
OSMS+SMS, northern birth with northern residence,
and CSF oligoclonal bands with increased 1gG index
gave essentially the same results (data not shown).

Discussion

The present study had some limitations because the
questionnaires were answered by many different clin-
icians across the country, and the response rate in the
second survey was not high. Concerning the rela-
tively low response rate to this type of nationwide
epidemiological survey in Japan, the assumption
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that the mean number of patients among responding
hospitals is equal to that among non-responding hos-
pitals has already been validated [29]. Moreover, there
were no significant regional differences in the
response rates in the present study and no significant
differences between the northern and southern
response rates (59% vs 55% in the preliminary survey
and 46% vs 39% in the second survey, P > 0.1). Differ-
ences in the ascertainment rates between the north-
ern and southern parts of Japan in previous surveys,
undertaken 15 to 30 years ago, was unclear; however,
as the previous surveys were carried out using practi-
cally the same methodology as the present one, it is
unlikely that there were large ascertainment differ-
ences between northern and southern parts of Japan
in those surveys. Therefore, we consider that our
results would not be seriously distorted by the rela-
tively low response rates. In addition, 88% of the
questionnaires were collected from neurologists,
70% of whom had previously participated in a ran-
domized controlled trial of interferon beta-1b [33],
which increases the quality of the data on one
hand, but produces a selection bias on the other
hand. However, the validity of the data is indirectly
supported by two aspects. First, although the present
figure derived from clinical symptomatology-based
criteria could be an underestimate compared with
estimates based on recent MRI-based diagnostic crite-
ria [27], the estimated number of patients with MS is
close to the number of patients with MS (10,391) reg-
istered in the government's health care system for
intractable diseases in 2003. Second, the increased
MS prevalence revealed by the present study is
concordant with the results of two recent epidemio-
logical surveys carried out in the northernmost
island of Japan, namely 8.57/100,000 [34] and
10.2/100,000 {35]. Both studies showed a four-fold
increase in MS prevalence over a 30-year period and
one of them also disclosed a similar frequency of
OSMS (16% at 42° North) to that found in the present
survey [34].

The steady rise in the prevalence of clinically def-
inite MS can be explained by the increased avail-
ability of MRI, which helps with the exclusion of
other diseases, and the increased number of practic-
ing neurologists. Increased survival due to
improved case ascertainment could be inferred
from the prolongation of mean disease duration
shown in more recent surveys. Thus, the increase
in MS prevalence appears to be partly attributable
to improved case ascertainment. However, the
younger age at onset and two-fold increase in the
proportion of females, which corresponds to a
worldwide increase in the number of female
patients with MS [36-38], in the latest survey,
cannot be fully explained by improved case ascer-
tainment. Orton, etal. [39] reported that year of
birth is a significant predictor for sex ratio; the
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