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Table 2. DBH Genotype and Allele Frequencies in Hypertensive and Normotensive Subjects

Genotype frequency
Genotype and allele - - p value OR 95% CI
Normotensive Hypertensive
DBH genotypes
CC (%) 378 (69.1) 184 (66.9)
CT (%) 153 (28.0) 86 (31.3)
TT (%) 16 (2.9) 5(1.8) 0.52% 0.90* 0.66-1.23*
- DBH alleles
C (%) 907 (83.1) 454 (82.5)
T (%) 185 (16.9) 96 (11.5) 0.78 0.96 0.73-1.26
*p value, OR and 95% CI are for CC vs. CT+TT. DBH, dopamine-f-hydroxylase; OR, odds ratio; CI, confidence interval.
Table 3. Logistic Regression Model of FPG in the Association with Hypertension According to DBH Genotype
Genotype Coefficient Constant P value. OR 95% CI p value'
for regression for interaction
CcC 312 -15.14 54x10°¢ 22.59 5.90-86.55
CT+TT 0.20 -1.53 0.82 122 0.22-6.78 0.0086

DBH, dopamine-8-hydroxylase; FPG, fasting plasma glucose; OR, odds ratio; CI, confidence interval.

Resulis

Association of DBH =1021C/T Polymorphism
with Hypertension

A total of 822 Japanese individuals from the Hyogo region
were categorized as hypertensive or normotensive and geno-
typed for the DBH -1021C/T polymorphism (Tables 1 and
2). The relative frequencies of the CC, CT and TT genotypes
were 68%, 29% and 3%, respectively. The allele frequencies
were 83% and 17% for the C and T alleles, respectively.
These results are consistent with the Hardy-Weinberg equi-
librium (p>0.25). Because of the relatively small number of
subjects with the TT genotype, we analyzed differences
between subjects with the CC genotype and those with the CT
and TT genotypes. Statistical analysis failed to show a signif-

icant difference in the frequencies of the alleles (p=0.52) and-

genotypes (p=0.78 for CC vs. CT+TT) between the hyperten-
sive and normotensive subjects (Table 2).

Interaction of DBH ~1021C/T Polymorphism with
FBS in the Association with Hypertension

We next analyzed possible interactions of the DBH -1021C/
T polymorphism with confounding factors in the association
with hypertension in logistic regression models, because the
development of hypertension is attributable at least partly to
gene-environmental interactions. The DBH -1021C/T poly-
morphism did not interact with sex, age, body mass index
(BMI), plasma total cholesterol, high density lipoprotein
(HDL)-cholesterol, or TG. In contrast, the DBH -1021C/T
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polymorphism significantly interacted with FPG (p=0.0086)
(Table 3). The interaction was significant even after adjust-
ment for sex and age (p=0.014), and for sex, age, BMI,
plasma total cholesterol, HDL-cholesterol, and TG
{p=0.031). Subjects with the CC genotype showed a steeper
increase in probability of hypertension with FPG than those
with the CT and TT genotypes (Fig. 1).

Because the distribution of logarithmically transformed
FPG was still slightty skewed, we also examined this interac-
tion using stratification of FPG by quartiles (first quartile <94
mg/di, second quartile 94 to 99 mg/dl, third quartile 100 to
106 mg/dl, and fourth quartile >106 mg/dl). Consequently,
the p value for the interaction was 0.014. The p value was
0.019 after adjusument for sex and age, and 0.037 after adjust-
ment for sex, age, BMI, plasma total cholesterol, HDL-cho-
lesterol, and TG. Moreover, stratified analyses showed that
subjects with the CT and TT genotypes had a significantly
higher probability of hypertension than those with the CC
genotype in the first quartile (FPG <94 mg/dl) (p=0.0056;
OR=2.58, 95% Cl=1.32~5.05, where OR indicates odds
ratio and 95% CI indicates 95% confidence interval).

interaction of DBH -1021C/T Polymorphism with
FBS In the Association with Blood Pressure

We next analyzed possible interactions of the DBH -1021C/
T polymorphism with FPG in the association with blood pres-~
sure in general linear models. Analysis only of subjects not on
current antihypertensive treatment showed that the DBH
-1021C/T polymorphism significantly interacted with FPG
(p=0.045) in the association with DBP (Table 4). The p value
was 0.056 after adjustment for sex and age, and 0.055 after



218 Hypertens Res Vol. 28, No. 3 (2005)

i,

g 08¢

2

b5

g‘ 0.6 |

&

et

]

& A

& 0.4

2

]

2

e

& 024
0 2 x 1 .}
50 100 150 200 250

FPG (mg/dl)

Fig. 1. Genotype-specific regression slopes of hypertension
on FPG. The simple line indicates the CC genotype; the dot-
ted line indicates the CT and IT genotypes. The regression
between FPG and the probability of having hypertension in
subjects with the CC genotype was represented by the equa-
tion: y =exp(0.02241% — 3.028)/{1 + exp(0.02241x ~ 3.028)}.
The equation was: y=exp(0.00064x ~0.685)/{1 +exp
(0.00064% - 0.685)}; in subjects with the CT and TT geno-
types. Subjects with the CC genotype showed a steeper slope
than those with the CT and TT genotypes (p=0.0086).

adjustment for sex, age, BMI, plasma total cholesterol, HDL-
cholesterol, and T'G. Subjects with the CC genotype showed a
steeper increase in blood pressure levels with FPG than those
with the CT and TT genotypes (Fig. 2b). A similar trend of
interaction was shown in the association with SBP (»p =0.057)
(Table 4 and Fig. 2a). The p value was 0.092 after adjustment
for sex and age, and 0.087 after adjustment for sex, age, BMI,
plasma total cholesterol, HDL-cholesterol, and TG.

Analyses of the interaction using stratification of FPG by
quartiles (first quartile <94 mg/dl, second quartile 94 to 98
mg/dl, third quartile 99 to 106 mg/dl, and fourth quartile
>106 mg/dl) showed that the p value for the interaction was
0.089 for SBP and 0.025 for DBP. The p value was 0.091 for
SBP and 0.033 for DBP after adjustment for sex and age. The
p value was 0.10 for SBP and 0.035 for DBP after adjustment
for sex, age, BMI, plasma total cholesterol, HDL-cholesterol,
and TG.

Discussion

The present study provided evidence for the interaction
between the DBH ~1021C/T polymorphism and FPG in the
association with hypertension in a large Japanese population.
There was also a marginally significant trend suggesting the
presence of an interaction between the DBH -1021C/T poly-
morphism and FPG in the association with blood pressure.
This lack of significance was possibly due to the unstable

nature of blood pressure (/9). In addition, the inclusion or
exclusion of subjects who were receiving antihypertensive
treatment influenced the distribution of blood pressure, and
blood pressure readings before the start of antihypertensive
medication were not available for 118 hypertensive subjects
in our population.

In theory, the DBH -1021C/T polymorphism might be
associated with hypertension, because this polymorphism is
associated with plasma DBH activity (17, 18) and plasma
DBH activity is associated with hypertension (17, 12). How-
ever, in practice, the present study failed to show a significant
association between the DBH -1021C/T polymorphism and
hypertension. This failure was possibly due to the interaction
between the DBH -1021C/T polymorphism and FPG in the
association with hypertension. However, evidence for this
possibility is insufficient, because data on plasma DBH activ-
ity were not available in our population. In addition, the pre-
vious reports showing that the DBH -1021C/T
polymorphism is associated with plasma DBH activity did not
analyze the interaction between the DBH -1021C/T poly-
morphism and FPG in the association with plasma DBH
activity (/7, 18).

Supporting the interaction between the DBH gene and
FPQG, there is biological evidence showing that glucose and
other sugars induce an increase of DBH (24). Indeed, rats
with experimental diabetes have increased plasma DBH
activity (25). Thus, the most important physiological influ-
ence on plasma DBH activity is considered to be the plasma
glucose level (26). In addition, DBH-containing neurons in
the hindbrain that innervate the hypothalamus have been
implicated in the feeding response to glucose deprivation
(27). In humans, the difference in sympathetic response to
glucose ingestion related to family history of hypertension
suggests the existence of genetic factors influencing the sym-
pathetic response to glucose ingcsiion (28). The DBH gene
may be one such genetic factor.

The precise mechanism of the interaction between the DBH
-1021C/T polymorphism and FPG in the association with
hypertension remains elusive; a simple explanation may be
that the CC genotype or a genotype in linkage disequilibrium
with it might produce a controlled amount of DBH in associ-
ation with the plasma glucose level, leading to increased
blood pressure. In contrast, the CT and TT genotypes or gen-
otypes in linkage disequilibrium with them might produce a
constant amount of DBH irrespective of the plasma glucose
level, leading to relatively stable blood pressure. This expla-
nation may be in line with the observation in a previous study
that all 19 chimpanzees were homozygous for the C allele
(29).

Alternatively, depending on the genotype, glucose level
could influence plasma insulin level, which in turn could
influence blood pressure. However, the previous observation
that insulin administration lowered plasma glucose level, but
not plasma DBH activity, challenges this possibility (24).
Moreover, in humans, activation of the sympathetic nervous

80



Abe et al: Interaction of DBH with Glucese in Hypertension 219

Table 4. General Linear Model for Regression of FPG in the Association with Blood Pressure According to DBH Genotype

BP Genotype (1) Cocefficient Constant P value. Determm.auon p value‘
for regression coefficient for interaction
SBP CC (562) 12.1 23.5 0.00016 0.035
CT+TT (260) 2.9 106.7 0.75 0.00056 0.057
DBP CC (562) 11.8 22.1 0.0034 0.021
CT+TT (260) -3.1 91.0 0.65 0.0011 0.045

FPG, fasting plasma glucose; DBH, dopamine-f-hydroxylase; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood
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Fig. 2. Genotypic variations in the relationship between FPG and blood pressure. a: The simple line indicates the CC genotype:
the dotted line indicates the CT and IT genotypes. The regression between FPG and SBP in subjects with the CC genotype was
represented by the equation: y=0.1558% +104.71. The equation was: y=0.0071x +119.15; in subjects with the CT and TT gen-
otypes. Subjects with the CC genotype showed a steeper slope than those with the CT and TT genotypes (p=0.057). b: The sim-
ple line indicates the CC genotype; the dotted line indicates the CT and TT genotypes. The regression between FPG and DBP in
subjects with the CC genotype was represented by the equation: y= 0.16x ~ 4.53. The equation was. y=0.22x - 6.10, in subjects
with the CT and TT genotypes. Subjects with the CC genotype showed a steeper slope than those with the CT and TT genotypes

(p=0.045).

system is related to plasma glucose level but not hyperin-
sulinemia or insulin hypersecretion in essential hypertension
(30). However, because the etiology of hypertension, the
effects of glucose, and the regulation of the sympathetic ner-
vous system are all complicated, the above explanation
remains completely speculative. Epidemiological studies in
large populations with information on plasma DBH activity
and plasma insulin level as well as biological studies could
test this hypothesis.

With respect to the possible functionality of the DBH
-1021C/T polymorphism, transient-transfection assays of the
reporter gene construct in human neuroblastoma cell lines
designed to assess whether this polymorphism directly alters
transcriptional activation of the DBH gene have been nega-
tive to date (31, 32). In this context, we found that a 19 bp
sequence containing the DBH -1021C/T polymorphism
(CCCTCAGTCTACTTGYGGG, where Y indicates the C/T
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polymorphism) includes two palindromic non-canonical E
boxes separated by 5 bps, and closely resembles the glucose
response element of the L-type pyruvate kinase gene (33).
The DBH -1021C/T polymorphism resides in a critical 6-bp
area. This suggests that the DBH -1021C/T polymorphism
may alter the responsiveness to glucose, consistent with the
interaction between the polymorphism and FPG, although
direct molecular evidence is lacking.

In conclusion, the present study revealed a significant inter-
action between the DBH -1021C/T polymorphism and FPG
in the pathogenesis of hypertension in a large Japanese popu-
lation. This interaction was partly supported by other epide-
miological and molecular biological evidence. Despite
several limitations of this study, if our findings are confirmed,
they could be helpful in conducting further molecular and
biological studies on the relationship among glucose metabo-
lism, the sympathetic nervous system, and hypertension.



220

10.

11,

12.

14.

15.

16.

Hypertens Res Vol. 28, No. 3 (2005)

References

. Kario K, Hoshide 8, Umeda Y, et al: Angiotensinogen and

angiotensin-converting enzyme genotypes, and day and
night blood pressures in elderly Japanese hypertensives.
Hypertens Res 1999; 22: 95-103.

Matsubara M, Sato T, Nishimura T, et al: CYP11B2 poly-
morphisms and home blood pressure in a population-based

cohort in Japanese: the Ohasama study. Hyperiens Res 2004;

27: 1-6.

Shigji K, Kokubo Y, Mannami T, ef al: Association between
hypertension and the o-adducin, 1-adrenoreceptor, and G-
protein 3 subunit genes in the Japanese population; the
Suita study. Hypertens Res 2004; 27: 31-37.

Yamagishi K, Iso H, Tanigawa T, Cui R, Kudo M, Shimam-
oto T: High sodium intake strengthens the association
between angiotensinogen T174M polymorphism and blood
pressure levels among lean men and women: a community-
based study. Hypertens Res 2004; 27: 53~60.

Tanaka C, Kamide K, Takiuchi S, Kawano Y, Miyata T:
Evaluation of the Lys198Asn and -134delA genetic poly-
morphisms of the endothelin-1 gene. Hypertens Res 2004,
27:367-371.

Sica DA: The importance of the sympathetic nervous system
and systolic hypertension in patients with hypertension: ben-
efits in treating patients with increased cardiovascular risk.
Biood Press Monit 2000; § (Suppl 2): S19-825.

Esler M, Rumantir M, Kaye D, Lambert G: The sympathetic
neurobiology of essential hypertension: disparate influences
of obesity, stress, and noradrenaline transporter dysfunction?
Am J Hyperiens 2001; 14; 1395-146S.

Robertson D, Haile V, Perry SE, Robertson RM, Phillips TA
3rd, Biaggioni I: Dopamine beta-hydroxylase deficiency. A
genetic disorder of cardiovascular regulation. Hypertension
1991; 18: 1-8.

Weinshilboum R, Axelrod J: Serum dopamine-beta-hydrox-
ylase activity. Circ Res 1971; 28: 307-315.

Weinshilboum RM: Serum dopamine-beta-hydroxylase.
Pharmacol Rev 1978; 30: 133-166.

Aoki K, Tazumi K, Takikawa K: Serum dopamine-beta-
hydroxylase activity in essential hypertension and in chronic

renal failure with hypertension. Jpr Circ J 1975; 39: 1111~

1114.

Iseki F, Kuchii M, Nishio I, Masuyama Y: The evaluation of
plasma dopamine beta-hydroxylase activity in essential and
secondary hypertension. Jpn Heart J 1979; 20: 307-320.

. Cubeddu LX, Davila J, Zschaeck D, Barbella YR, Ordaz P,

Dominguez I: Cerebrospinal fluid and plasma dopamine-
beta-hydroxylase activity in human hypertension. Hyperten-
sion 1981; 3: 448-455.

Ohlstein EH, Kruse LI, Ezekiel M, et al: Cardiovascular
effects of 2 new potent dopamine beta-hydroxylase inhibitor
in spontaneously hypertensive rats. J Pharmacol Exp Ther
1987, 241: 554-559.

Stanley WC, Lee K, Johnson LG, Whiting RL, Eglen RM,
Hegde SS: Cardiovascular effects of nepicastat (RS-25560-
197), a novel dopamine beta-hydroxylase inhibitor, J Car-
diovasc Pharmacol 1998; 31: 963-970.

Kobayashi ¥, Kurosawa Y, Fujita K, Nagatsu T: Human

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

82

dopamine beta-hydroxylase gene: two mRNA types having
different 3'~terminal regions are produced through alterna-
tive polyadenylation. Nucleic Acids Res 1989; 17: 1089~
1102,

. Zabetian CP, Anderson GM, Buxbaum SG, et al: A quantita-

tive-trait analysis of human plasma-dopamine beta-hydroxy-
lase activity: evidence for a major functional polymorphism
at the DBH locus. Am J Hum Genet 2001; 68: 515-522.
Kohnke MD, Zabetian CP, Anderson GM, ef al: A genotype-~
controlled analysis of plasma dopamine beta-hydroxylase in
healthy and alcoholic subjects: evidence for alcohol-related
differences in noradrenergic function. Biol Psychiatry 2002;
52:1151~1158.

Jin JJ, Nakura J, Wu Z, et al: Association of endothelin-1
gene variant with hypertension. Hypertension 2003; 41:
163-167.

Holloway JW, Beghe B, Turner S, Hinks LJ, Day IN, How-
ell WM: Comparison of three methods for single nucleotide
polymorphism typing for DNA bank studies: sequence-spe-
cific oligonucleotide probe hybridisation, TagMan liquid
phase hybridisation, and microplate array diagonal gel elec-
teophoresis (MADGE). Hum Mutat 1999; 14: 340-347.
Ishikawa K, Baba S, Katsuya T, ef al: T+31C polymorphism
of angiotensinogen gene and essential hypertension. Hyper-
tension 2001; 37: 281--285.

Nordfors L, Jansson M, Sandberg G, ef al: Large-scale geno-
typing of single nucleotide polymorphisms by Pyrosequenc-
ing wade mark and validation against the 5 nuclease
(Taqman®) assay. Hum Mutat 2002; 19: 395-401.

de Kok JB, Wiegerinck ET, Giesendorf BA, Swinkels DW:
Rapid genotyping of single nucleotide polymorphisms using
novel minor groove binding DNA oligonucleotides (MGB
probes). Flum Mutat 2002; 19: 554-559.

Munoz A, Serrano C, Garcia-Estan J, Quesada T, Miras Por-
tugal MT: Effect of diabetic hyperglycemia and other sugars
on plasma dopamine-beta-hydroxylase activity. Diabetes
1984; 33: 1127-1132.

Schmidt RE, Geller DM, Johnson EM Jr: Characterization of
increased plasma dopamine-beta-tiydroxylase activity in rats
with experimental diabetes. Diazbetes 1981; 30: 416-423.
Munoz JA, Garcia-Estan J, Salom MG, Quesada T, Miras
Portugal MT: Sympathoadrenal activity and plasma glucose
effects on plasma dopamine-beta-hydroxylase levels in rats.
Clin Chim Acta 1985; 152: 243-252.

Ritter S, Bugarith K, Dinh TT: Immunotoxic destruction of
distinct catecholamine subgroups produces selective impair-
ment of glucoregulatory responses and neuronal activation. J
Comp Neurol 2001, 432: 197-216,

Masuo K, Mikami H, Ogihara T, Tuck ML: Differences in
insulin and sympathetic responses to glucose ingestion due
to family history of hypertension. Am J Hypertens 1996; 9:
739-745.

Healy DG, Abou-Sleiman PM, Ozawa T, et al: A functional
polymorphism regulating dopamine beta-hydroxylase influ-
ences against Parkinson’s disease. Ann Neurol 2004; 55:
443-446. '

Sechi LA, Catena C, Zingaro L, De Carli S, Bartoli E:
Hypertension and abnormalities of carboliydrate metabolism
possible role of the sympathetic nervous system. Am J
Hypertens 1997, 16: 678—682.



Abe et al: Interaction of DBH with Glucese in Hypertension 221

31. Zabetian CP, Buxbaum SG, Elston RC, er al: The structure ine beta-hydroxylase activity: applications to research in
of linkage disequilibrium at the DBH locus strongly influ- psychiatry and neurology. Psychopharmacology (Berl)
ences the magnitude of association between diallelic markers 2004: 174: 463-476.
and plasma dopamine beta-hydroxylase activity. Am J Hum 33. Vaulont S, Vasseur-Cognet M, Kahn A: Glucose regulation
Genet 2003; 72: 1389-1400. of gene transcription. J Biol Chem 2000; 275: 31555~-31558.

32. Cubells JF, Zabetian CP: Human genetics of plasma dopam-

83



ZAEREIE RS

FEI6%EETE  2005.7

]
8 v n 3 HY RN B e SR N B ) B 5§

®1 #2 %3 %4

TS BEI=E

EHER - BN - TERE - LRER
#* 1 FUEHE AR SRR L £ TR — AEAMER, * 2 HIUEAREBIRREL L £ES THIRT — &
* 3 WREPEARAGWIAN B LIRE L METFHBIRF— 4, *4 BERBRFEEHAH (EEHH)

ez
ﬁ%ﬁ%@%ﬁ%%%ﬁzﬁ@ﬁ%i&DtﬁiggRE%ﬁmbt.%%%H%ﬁ%@&ﬁ@mo
MU LRl 233 ATHolc. MREDHBEEDHT Z L <ADREPIERMEC & > TREDT
EDMTONC, BERBERZAVT, 19IREDR2RE 10 BEROGEBRZBR L. REDE
RIERED oz (o= 094, 087). MMSE DBER&EDIEBEHEL (r=085, 083), ZHEDEL
CEMRSHUE. Fe, MMSE TIRRAERARFEV L ANILOSRAKEEZ B DEICBERATESC
&, BREBEEORXELILEVT EDREN. FAREFIGERHE PRBERE CRAT X bOE
HEH T BEERE COEEICRIECED Y, MEFHEDHES TIXHE PEFERE COERL

FEIND.

ARdnkae,

Key words : BE##,

RERR, HBRSHRH

=D

52

=il

ITAE, EREESE ORI T A IR
ENBEITRoTE., INLORITBHIC,
OB EHE ORAEDEHRROILIEL L VOB
E OSRN 2 FMEE ) OB D 2 DO 51T
b Twa, BIECE L CRERESCHELERD
FHENZ, BECELTIE, BEREEoLam
RPN EBROBEL FUT S ) 2 CTEELE
RERBTLLDTH B.

e, BEREOREL SIS 100 %ML
=g (T, BFH) ORMEDARRICHET
HRICOWTIE, EETIHBERICED R
LITbhTwa., Frv—27 Tiibhigrc
13 51% (207 AH 105 N) 2%, $72, 7AYAT
TN TIL 68% (34 A 23 A) HSigpE
UEDRHETSH S I EBME SN TS, L
L, FRHVEDHEH¥EIZIZCDR (Clinical Demen-

(RHE 200543 H15H)

Yukie Masui, Yasuyuki Gondo, Hiroki Inagaki,
Nobuyoshi Hirose

*1 T 173-0015 FROZEPHAG X 5N 35-2

837

84

EEIGHIESAES 16 1 837-845, 2005

tia Rating)®%° DSM-IV 7 KO EMROBEIZ L 5
SRS SHVWONE 2D, L) KRE Y
AXDF VT VENRE LGEIIES IR
BFEWICOIEFICRER IR NP EL L 5.
—77, MmEeRE (WAIS) O TFRERTER
FH, BRAVEDA 7 ) —= v AL E OB 7 A
b EBWTHEMEEZRETT 2080w, 20
¥4 7O TIE, BEEREORMMEEL L) #
ANCEERT A EDNTETHA. LI L, FATH
FETHWONTET A MEETEEEHE L
TITERBEHICR B I EHE . MMSE (Mini-
Mental State Examination)? % W THHE D EL
Bk EE RS L72HFZE VT, & RE O 65%
TWINPOEEVPERTE 2ozt WESR
TWh, |
RO BRE, ThFEFTHWLNTE LA
SEDERBWRBMT X b &R AMEBIFEI
EBITEF 2y 7 YA eI AR
DEFMREZERTHIETHD. &) EELST
MREZERTAZEICLY, BEMICETV
LR IV B REOERKD &



DWESIZRDEEZD.

AR, BIEAE L ET L BERE OFM
BHEOBSHICER L TREBRZT). 7, B
BREICEZWED - B oKT “OR M DR
RE L BHENBDT 5 L) REBEZ1T).
PR DK T I2oW T MMSE D5 HICE
BYLZERMEINTWA, ZOBBERIC
DWW, MEFET A, o, REHBICH
HEEBREOBENVRVWIORRIRTHZ LITL
WIRIENDLETHS).

KIZ, BEWEZICBTBAEEOBAZOKR
ESITS L-FMEREA R T 5. BHRAEFAD
BEEBEWMEL NS L LTMMSE % i L7-5F
2289 CII MMSE B At 0 72 o o813 16.3% & &
WEIEERLTW, T2, BESHD—HTH
D, TEPKREWIENRENT, ZOLH %
MMSE %% 0 mi72 - 7o W RBEATTOREBED &
WL TWADITTIRWY, 7O ZER
L, ¥REFEDOQOL %2 EHLr 7Rt 570
2d, NREBOBRAEEZFEHICHE TS Y -V
PURETHL, FORHOITE, HEOREIDD
HBEOVRVWEBZEAL, LDEWVWLNVOR
MBkEEICH LCHRETRRAREZHERTAZ L
BROONDE, FD0, K, XbDTRA
BREOET LARBICHRT2EHE» L EEICRK
HIERBE MR- N7 IR F TS 3 A THE Z CIR
BCBY ANDS &) EET 5.

AEFFECI1E, HEKSERZ AW TREZEBNR
L, ZOEEEEZLUREIRETS. REORY
HoMEHZOWTIE, 9 MMSE & OBHfFIRZ
Wik 2 MET 5. KIS ERICHEARA, ORERRE
= EOBRBEHARIC L Y MMSE S22 iatH
M0 R E B ICEH T & 52, @ MMSE T
BEARREZ & DRV LV oRBMmgRRIc LT
FBIMETE B H, IZOoWTHRET A, b1, K
MR REOEHROERT 5. BERE I
THRKBEBEY Y IS VORETE, TAINOHER
AWHEWIE ) BRAETFYA VB L UOEEBOEE
DLRTEOWHAHEPSHFELVEEZEZLPLT
»H5.

838

85

C REORZIZEEB KISHEEH (Item Response
Theory) 220\ TH79).. HHE RS &
W7 A VEFZRELERT A VHEFZOVEOTHY,
%7 A MEBOMSERWNRE ORI T 58
FGRA=FEETFTNVE LTEREL, EROFIEDIS
INHLDONRTRA—FZHWT 5. HEI NS
A— FIIEROFEIRE L Zvizn, B4k
FICT A P RITo 5 ETORADRIEL B
BT E 5.

¥ 72, HHUSHRICE S F 2 MBI BW
T, HEEINLETAMHEBONSG XA -5 %2 H
WCTF A MERZHEEMAGLELZ LITLY,
HHEBRLZAWESEDE L WTF A MRS ED
Rpb7AMeBZHIIHRTE, ThEhoF R
MZ X D HEE S NN EE — KT L THT %
CEMPUREE D, LizhioC, BAZEIFKREN
HMEEREE NS E U CRABREENET 2541
BWThH, HHOBEETF A N2RITLHZ LT, &
ZWHHBB CTHREOEWFELIT) J LASTiRE
A, AR hsoEZEE 2, HEKS
HamrzHWCREZERTAZ L L L.

I. BAZE : fhBEEPEEIC KD ERAIREEESTT
REOBR & ZOEREES JUZIMHED
S

1. A&

1) W&E
RIFFEONHE L, REBFEREICSML,
ZOHBDT F U—T v TREHHIES NIE
BHMETH 5.
HEEFERATICBII 2B 2HATS. X
HEHFBERATIIERH 23 KICEEOTHESE % Xt
KA T o 72, 2000 4F 9 BBAET 100 L Lo,
B L UT2000 4F 9 A2 5 2002 4 3 A £ COHIMP
12100 ICERE L - B2tk e Lz, 9, HE
MWETRCOREZHRIX & L, FEBFFT
FERERKGEZHEL, 7R EOEEE 2 I
YeBzHit Uz, Ric, EAERT 2000 £ B
LU, 2001 FELESHEABLEREG LS
%, LFEHIERIC 100 RICEE L Twiz LR S



721,785 AH1 1,194 A (66.9%) 2% shiz.
ZOERICHESIMKEZ XL, 802 A9 5K
BERDHY, HIH513 A SAESNORE LB
(BINE 43.0%). 55 209 MK LTHERED
ARTV, 304 NIZEARESRICHMAL 2 E
B L 7.

SEOFENFEE, EEREFERELY 14
PRI T 7ot 58 O IR R BIIE O RERED
HWBZEMETA7+0—7 vy THREICSML
233 N (BHE36 N, 197 N) Thot. B
4F 13 102.19 % (SD = 1.59, #E PH : 100 ~ 108
%) Tholz. TOIHL0AN BTN, i
BANEEIEHORFEEFERNELLBVT
MMSE % $EH L T 7z,

2) FRABEBEEEAGR B o E HAERK

HEOERE, FRAFLZREICSM LU 0H
FHIANMTo72. HEE, MMSE, NM R 4 —
Vo (NREZEZABHIRERE)™, CDR, GDS
(Global Deterioration Scale)7z XD B b IC H
BeMRL LB R lET A REQEE R
HELEZBEZIIL, »OBEMEOHEEREFD
BB ANESHEZM ) ok L.

HBERICBWTIE, REOHIEESIEORE
DEBPL N 2ER L. T, BahE
BT ARMEREOMAZORE X EEEL, 3k
WIZHMRMES (MO rOFETILLNS
BEPTNERISTHIENTEDS) b, BE
RS R-N - EEEE A LNS HNNIEE
(HEHIL T AHERFENDH L) T, B
INKAN—FTBHELHICHBZER L., 20k
WERSNZEHBO 245 21 HE 28% LE
HFY—n&lL, SMORE (£1) L L7
3) AEFHEE

7 A U—=7 v TREITEETITo 7. AAEE
1%, Q2D 1ETHREDOLE DORBIZELTDH
oz (MEwv] Tvwwz | @283 X ) EEE),

RAMEREHERE (N3] Tz ] o2 #i
WEHHEE) D2oThHhot. bk, IHE
DEGERLNRENREEEL TV L RROBE 7
E, MEEOHEOREL L {MBHIZL o TR

839

86

EHEBHEFMERE H£165% 75 2005.7

FEN, FEBORRIINREDOREA 199 A,
WREVFEETHHRME LA, A=y
WHkEE L MBIEMBEI I NTH 7.

HAE RS EHICET AT, Tikw] %1,
(VWi ]l 208 LTaWMEfTolk. HICIE
Scientific Software International ¥t ® BILOG-MG3
EHRAW, ¥, REO—RTHHERO;DDH
T3 A NEHIC X HSEENETF 5 1E Muthen
& Muthen #t® Mplus % Fiv 7z,

2. EREEE
1) HESH & —RTFHEOMR

FHEEZOWTHEARBLUREOGRHER L
OWFIMBBEEERD (F1). 20E, W
FIABREAIVMEV 2HE2#HE 7 — V580w,

REO—HFEZHRT L7012, Kol 19
HETH 7TV I NERE B2 BRORTFHH
#1707, B1ERFOFEHRIL73.3%, 52RHF
DEL5HRIZ6.4%, HEIRTFOFERIT42% &4
D, Bn—RFEEIR SN,

2) HEEEH, PEEDROHEE L BB
RE QR

ol 19EBICH LTHEREOHEELZ1T-
72, EFNVIE2BEUIAT 4 v 7T VERY
7z, RIUCEZEB ORI L BHEELRT. 3
HOFHEIL1.95, #HHEZ122~293THY, B
VIR RR LT W2, $72, WEEE O EI
0.005, #HPHIZ-1.36~1.26 THo7>. HEEEIHE
CBW TR EEZ R TEB X205 7.

Bi1, K2 tREOGEMRAENEZOHE S
N7 4EEEDO SR L. REOARHEETE
B WA B R LTz, #0574
BIERSACECGHETH Y, FEEOFEHIE-
0.06 (4rf=093) Thol. LaL, HEEEN
BEOTEB L OLBTABERLHEMLTHEY,
HSEREEORITH B L ORI REIBRE I N

X 3 13 ERANBRRE SRR B R O 7 R b IEHh AR
Thb. BHREOY -7 3HEHMEEST01 TH
D, CCREHRELTEIEBEANHROLEZ 2 L
TWwb. TRIEFHNZBIONREZHET 5
BAIRDMERENEL REIEERLTWVA,



&1

FAEEERMARENORENOBEBR, SFERCONFBRERE, 5L UHHL EREE

SFHRA

H H BRE LoRF| M HEigE
AHBIEREL

HVEDENBE, HWEDREBETIENTES 0.88 0.48 2.08  -1.36
ERRBEL Vo LBFEORBES S+ 0.78 0.53 122 -1.05
ANCEH PR ES WO L ITEPTBEIENTESL * 0.80 0.53 154  -1.05
B DEBNRTEVIVWIELL o T 0.62 0.72 241  -0.35
BEOEL o2 BWHERTES 0.57 0.66 1.55  -0.23
BOOEERBNELLELXA* 0.57 0.70 182 -0.22
BEDDOLVBWHGFENTE S * 0.52 0.66 1.58 - -0.08
ARICRELRYVICEEEIZENTES 0.52 0.70 1.79  -0.07
WEDFEFHRbPoTVE * 0.51 0.75 247  -0.04
HA2OB L 2 EWOBREDERCHEA TV AEIFLZVIWELLbPosTWS 045 0.76 2.93 0.10
FLERS VG Do a— ADNEFTZVWWEETE S * 0.44 0.71 2.06 0.14
ANDHHEIZD 720, BHOEREEIZ L TES 0.39 0.73 2.35 0.27
FLERSUF DAL vFRF ¥ VAN EBSTEET 2 0.39 0.65 1.68 0.28
BAObD% B4k ) ICEREELTWS * 0.37 0.70 2.12 0.30
BHBIOMEELZ 22V WELTnS 0.39 0.65 1.84 0.37
RKeogEh L2 AT, WEZHEBETES 0.35 0.70 2.26 0.37
BHEONBOEE L Vo BEOFENTE S * 0.35 0.67 1.82 0.39
BLLTC, BFFELEIPEHILNPTES 0.16 0.47 1.58 1.07
HEMIZLTWA HHEPRENDH L * 0.11 0.42 1.97 1.26
MEPDOFETILELPOLMEPTNIIRIETEILANTE B = 0.95 018 - -
BREZEBLLEIIRELZTVETLI LN H B = 0.24 0.25 - -

AU D RA S W-EE (10HE), ~HESWICX VEE Y- A58 rhiHE (2EE)

25 -
20 b
15 7
A A
ook
5 b
0% B 10 |
B E R EARTE A
E1 BAEREETMRESEREADSHT
3) FRANTREEEEAM N E O IR OGS

LR OFH & ORI L 222k R E o ftil
FEBIUEEERH CuiNvyrDa) %
2R L7 BEEREE 094 THoICEY
Z EATRENT. '

4) FRAMARBEEEAL N B 0% L OMET

KRBT R BE D F S M OME & 47 5 72,

840

87

£ 1EORKFHFEMEICEB VT MMSE % £
LTBY, 20, SEDT +u—7 v TRECS
W, 51 EFRAED &L BRI EN R o 7
ERFESINIRGELZHMBLAE (=60). Th
HORRFIZOWTE 1 BIFAER O MMSE 4 5
AR E OB R L OMBEERD 7.
MMSE 5 5 & BB e sl R B &5 Hs Mo iz



[S+}
o
1

B
o
T

P
&

—
(=]
T

TERMEEME F16%E 75 2005.7

2 FRAMEERTMREIC L 2 HEREEOL N

45
40
35
30
15 25+
i
= 20

T

R HEATAL R I
- - - - AR REETA R AR

-3

HERE
RBABERERTI R, FEAMEAERTME R ERMERRD T X MERIIR

=3

®2 BAMEETERE LERER O RERE

FRANBRERRFMIREE  JEMRRR

HAK 19 10
FEHRERE 9.17 4.87
(8D) 6.04 3.18
TAUNYID 0.94 0.87
RIS E 1.95 1.84
(B 1.22~2.93 1.22~2.47
] 8t S 3 4l 0.005 0.001
(BB -1.36~1.26 -1.05~1.26
1EE D70 0EHE 2.06 1.72

FEHEICECIEOHENREINS (r =085 p<
0.01). T & IZFRAA%EE MR E 2 MMSE &

DPFFEMELEEZFT LTI ER2RELTWVS,

MMSE 85250 720728 (n=21) OIumk

841

88

MR EEEOMMER 4 TR L. BEOH
B0~ 145THY, 08d 3 ANk, 1~
4 B TORIH T7% O REDHAH LT Wiz,
SOZLiE, KAREIZX o TMMSE TR
720 TR LV O BAERE D FFI L ST RE T H
HBZLERLTVD.
RIEEOBEERLER P OREHITL Y MMSE ©
S EEBARTETH o 7o REE AR ETH
ELBAOEBRERFT L. RREHFERAET
X, LEOBETMMSE # &EBERTE
ST REN 22 NFEL. TDHI L4507
F0=7 v TREBZSML72EIZ12ATHD,
AOHE DR SO ORBICED 2 o
7237 AN (LT, MMSE oS8 - B2 A,



>
O kN W R O Oy N 0 O
T

14

) 1 L I} ]
10 11 12 13

HEFFEREATHERO T

301
O
e
O
25 O o 0
e P
O MMSE=&EE (n=60) O o .5 8
0. O
20‘ O O O ’4’ .
e
e O B |
e O O o
B 15t
§ O O .7
0._-~
0} ‘B
o O B MMSERSELHE (n=17)
)
5' la
Ocj’O C) 1 i 1 1 1 1 1 1 1 ] 1 ) 1 I
0 1 2 3 4°5 6 75910111213141516171819

FRATBRRE FEAL R & RS

5 MMSEREEBNOEE L AMMSERR LB

TS N) Thote.

D7 ANTOWTEIEHEETH - 72 MMSE 1H
HoARMBEED LI, BELERELZSGE
OMMSE B SZ2EH LA (BIEMMSE B =%
T EE T & o 72 MMSE HE O&8H R + BIZHE
Mx&EE#H 30). ZOBIEMMSE 54 &3
SRR R B R B O #AR I & MR TEAR 2 B 5 1R L
7o (R oOBED in=17). B UK LEIC MMSE %
SEETEE MMSEREH, MHFOH 1n =

842

89

FRERT R E AR R ORI

60) W= oWTHREBRIZRLA., SO Y,
WREFHEREOR/REPFE L THoTd, MMSE A
SEEMHOIBIE MMSE R I MMSE B8 8 L0 b
BB e dbhs, OF ), RARIEEHERIEY
e L2 L, MMSE iZ MMSE RE2& 8 O FRAIH
RNl TWwA Vw5, Bz iug,
DA MREOMAICL Y, WEHAET
MMSE % & TE RWHEFIIN LT X Y #Eit) 2
AT THL I L R2RBE LTS,



DLEDFERD G, SO R EI,.
BEEE ORIBREOMEICB VT, HEEKICE
LREe7% &£ T MMSE OS2 E AR B2 5 5
B L CHBERFEVTERTHLI L, 2o
B DR VISR EICDOWT MMSE & 9 b 547
WEISWEETHLIRETH S Z EIRI N

0. 32 - ERAIEAESHIE R MERR DIER]
1. BB ERHE
LR TR L 72 BB MR EE DT E 7 — v

AL CERIREER T 5. R BT,
HMOELRELY 19EHBER (BT, S£W) ¢F
BEICT 27010, WEEE &R OFHEIE
ERIZEL %5 5 ) 10 HE ##E L2,

2. fEREEE

FIUIEBESNA-0EBZ2RT. 10 EHEOH
NI OFEEL 1.84 (HBH : 1.22 ~2.47), H
BEOFH#EIX 0.001 (#EBH 1-1.05 ~ 1.26) THho
7.

B 3 AR D 7 A MEREIAR 2R, SRR
BT HEDBERENE L 25 03T M
0L1fETHY, BE&REFMLETHo7. T,
HEEIFEMO-1 KM, 1DETIZEEEERL
ELBBHEBDRALTHoT. —F, FHEY—2
BO1HBEH) OBEHRELWE CHLET 5 L,
SEERRAS2.06, EHEX1.72& 220, RO T
A MREEERRCHLLERE R o7,

SEEMW & ERERO AR RO T v VHHBEREK
13097 (p<0.01, »=233) THhY, WEDOHE
FEDLDOTEWT LR ENT.

1 HDORFEAREEMEORED SNHEDER
AR B o b BESNATNRE (0
=60) 22T, EHROAFBEE 1 EHEH
ER O MMSE B 5L OB E KD, FOREE,
MMSE & O#HBEIE 0.83 (p < 0.01) &IFIFELMR
ERRBEOHBEBHERINS. Iho ORI,
AR BE AT R B AR AR D S22 i o SR AR B R B
EIFITFEBOER YOOI ERRLTW S,

843

90

AR RS

m. £f

B16%8 75  2005.7

e
KEFRO BHIL, BEEE ORMERE O SRR
BLNVRETLROORERXBET LT
Holz. TT, BREEEINT 5 HERAERERS
BELROEELRY, BEREOHHARSE T
CHBETAEEZONLBMMITE), 21HB®
T—NVERER L. ThENREOREKET IR
FT oM OMBBPFE L. REOBKIZEE
RISEE 2 HWTiTYy, RENICI9EE» 5%
B FRINERE R R B & VB L 72,
HESHERIC L A0 LD, AREIZEY
B 7% LRV ORI R b ONREDORZEICB
TRODBEN L, KTRONEREOBLHBERED
VARWVICHELZRETHLEI EIRENT. RE
DZMEICE LT, NREDOH 1 £/ D MMSE
BEEOHEBERANEZA, 08B ELFEEIC
BWIEAREN, SOOI Ehs, AR
fili R BE & MMSE D FINEZ L ESFER S /.
E 512, MMSE TIHIETE 2 WE L XV DA
Biea b O REIIOVWT LR CE L T &,
HEEBEELR LICE ) MMSE 22 &TE 2h o
7ot B DO FRAREE D EENICNETE 5 Z LR
ENiz, T, FRABRBERNEOERD B L,
TEWME D LRUEBERIETTL00, 1312
FROEME O EATRENT.
DiEofERE, S EER L 72 SR ae s R g
2, DEEEIC L ) MMSE % KON F R b A8
EHTE RV EFZVBEREOZMEREOS
SEWYICWECTELILETBLT VL.
RRBEINREORERLHRENEEL TS
MR DB X o TEFEINTZDIZH b 5T,
MMSE &+ IcEVHELZ b o TWwiz, Tk
1, BERED L) ICHRFICEBREETE 20
HERETHo T, TORBELELMLD -
THREDEMEREZMETELT LEZRLTW
B, Fiz, METE, SEREOSMELZBED L/
DICEHEREVHNONLEZ L H DD, 0
AREEAVEEETHLZEBRDENS Y,
S E O 10 HE OEHHUIIEE I ERE R CERT



BTHD, HIZELTWREEZ NS,

B, RREOBERIZOVWTERTS, 4§
—IZ, PFHFRLUHOMBHEICHTIMETH 2.
AIFRTIX, 742 —T v TRECBVTLHR
REDSHTE OFAERE & B e v L FFE S N5
Fiont LT, %1 mFRARKICHEST L /- MMSE #
REBAEORAMBERNEOREIE OMHBEZ KD S

LX) REEORE EITo. DF Y, 2D
DREZERPICNESINIZDDOTIE R W, L

L, 36 \OBEHFEL MR L LTMMSE # 1.5
BCEMLIIEYTIE, IEAEDHBRET
MMSE 15 ICEEHB o b MEI N TN S,
AHFEIZBNTHOREOHBIW 1ETHLT L
Ph, LERBIZKELRELS 2 o/z LFHES
NWREITODWTIE MMSE 2D EBIA 2\ &
EZXZTOLMBEIIZWEEZONS.

B, NARYBOMETH L. KRERE
MBSV ERETAZ L EBE
LTBY) —HFEEORETHAH. ik, M5
PR OBEIZOVTIIZERTF 2R SN
BEVIRROMBEER L IIRL2DDTH 5.
LA L, EEHEICBWLTIE, MEEORE IS
fboxFmEERL, THRTFICHT 5 —RHMEEg
DEBRIPEL A EIRENTVWE Y, L
Mo T, RREDLBEREEEISHNT 2RO
MREEL LTIEBESEWEEZS.

EZIZNERBOMBETH 5. S ORmi%keE
HMEREITEEREORMERELTNETAZLE
BB LTEER SN, Lo L, ERNEOR
HBRPBLELHY, BOUBIEHERL T iR
EOWECIZHEENSLTRELTWAE I EREEN
7z. LarL, ARBEIGHEESERIC X o THER
ENTWEY, IhEEORVEE Z/ERKL,
SROREL DHEETIZETINEVEID
WRECDNIETEL LI A, /2, ZOF
BEIZED, L DEHEVEEREORMEED OREIZ
SHHETE L., 5%, BRArOBEEREICE
5FT1OORITETHRMEENZWETE 5 HE
BHHINBETHAS .

844

91

X

1) Andersen-Ranberg K, Vasegaard L, Jeune B : De-
mentia is not inevitable ; A population-based
study of Danish centenarians. J Gerontol B Psy-
chol Sci Soc Sci, 56 (3) : 152-159 (2001).

2) Cattell RB : Theory of fluid and crystallized intelli-
gence ; A critical experiment. J Educ Psychol, 54
(1) :1-22 (1963).

3) Folstein MF, Folstein SE, McHugh PR : ‘Mini men-
tal state’ ; A practical method for grading the cog-
nitive state of patients for the clinician. J Psychi-
atr Res, 12 (3) :189-198 (1975).

4) MRS, REER, WHEE I GHELZMEIL
biro7-REZOBHRELER. HAROREE, 39
(2) :10-15 (2004).

5) Herzog AR, Wallace RB : Measures of cognitive
functioning in the AHEAD Study. J Gerontol B
Psychol Sci Soc Sct, 52 : 37-48 (1997).

6) INMEfESR, MEBAZ, B B, BEERIIH:
TR 13 EEEERZMERGDE (BEER2E
EWEHE) BIE - HHENRREE (HEE0S
HHRE & 2O ERLE]. BERBRFEREES
ZEARE, EHA (2001).

7) Holtsberg PA, Poon LW, Noble CA, Martin P : Mini-
Mental State Exam status of community-dwelling
cognitively intact centenarians. Int Psychogeriatr,
7 (3) :417-427 (1995).

8) Hughes CP, Berg L, Danziger WL, Coben LA, et al.:
A new clinical scale for the staging of dementia.
Br J Psychiatry, 140 : 566-572 (1982).

9) MRILEM, HERZ BFEONAFTAH=X
A HBEREEE Y 2 2R TN - 2L VY, N
A A A B ALFEEE, 27 (1) :18-22 (2003).

10) B - Ao D EEHE  [2E 100 REAO
129 ¥ 7V ORI L] e BREXE=v
RUEBIFLEFENDSL L. #EE - Kho<Y
HEME, Hx (2002).

11) Kliegel M, Moor C, Rott C : Cognitive status and
development in the oldest old ; A longitudinal
analysis from the Heidelberg Centenarian Study.
Arch Gerontol Geriatr, 39 (2) :143-156 (2004).

12) /AFET, BOZH, TN &, RERERIEH:
ITEBEIC L 2R REE OB AR R E
NMA7— V) BIXUOBEEFESERDIRE
(N-ADL) o 1 B, B R # #h B %%, 17 (11) :
1653-1668 (1988).

13) Lindenberger U, Baltes PB : Intellectual function-
ing in old and very old age ; Cross-sectional re-
sults from the Berlin Aging Study. Psychol Aging,



14)

12 (3) :410-432 (1997). .
Reisberg B, Ferris SH, de Leon MJ, Crook T : The
Global Deterioration Scale for assessment of pri-

BERBMEFHRE B 165575 2005.7

15) Silver MH, Jilinskaia E, Perls TT : Cognitive func-
tional status of age-confirmed centenarians in a
population-based study. J Gerontol B Psychol Sci

mary degenerative dementia. Am J Psychiatry, Soc Sci, 56 (3) : 134-140 (2001).
139 (9) :1136-1139 (1982).

Development of Oldest-Old version of Cognitive Assess-
ment Questionnaire based on item response theory

Yukie Masui **, Yasuyuki Gondo *2, Hiroki Inagaki **, Nobuyoshi Hirose **

* 1 Human Care Research Team, Tokyo Metropolitan Institute of Gerontology
* 2 Human Care Research Team, Tokyo Metropolitan Institute of Gerontology
* 3 Research Team for Promotion Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology

* 4 Depariment of Geriatric Medicine, Keio University School of Medicine

We developed a questionnaire to measure the cognitive function of the oldest old. The
questionnaire consisted of items designed to clarify the daily activity of the participants, and was
distributed to the family members or care staff of 233 centenarians. The 19-item full form scale
and the 10-item short form scale were composed on the basis of item response theory (IRT).
Both scales were satisfactorily reliable (& = 0.94 and 0.87) and higher correlations with the
MMSE (Mini-Mental State Examination) (» = 0.85 and 0.83) suggested satisfactory concurrent
validity. This questionnaire was able to evaluate the functional level of participants inferior to the
lower limit assessable by the MMSE, and in addition was not affected by vision or hearing
impairment. These results suggest that the scales are practicable for evaluating the cognitive
function of the oldest old regardless of the participants’ health, vision, and hearing condition, or
the type of participation such as a visit, mail, or phone survey.

Key words : oldest old, cognitive function, questionnaire, test validity, item response théory
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Mitochondrial Genome Variation in Eastern Asia
and the Peopling of Japan
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To construct an East Asia mitochondrial DNA {mtDNA) phylogeny, we sequenced the complete mitochondrial
genomes of 672 Japanese individuals {(http:/ /www.giib.or.jp/ mtshp/index_e.html). This allowed us to perform a
phylogehetic analysis with a pool of 942 Asiatic sequences. New clades and subclades emerged from the Japanese
data. On the basis of this unequivocal phylogeny, we classified 4713 Asian partial mitochondrial sequences, with
<10% ambiguity. Applying population and phylogeographic methods, we used these sequences to shed light on the
controversial issue of the peopling of Japan. Population-based comparisons confirmed that present-day Japanese have
their closest genetic affinity to northern Asian populations, especially to Koreans, which finding is congruent with
the proposed Continental gene flow to Japan after the Yayoi period. This phylogeographic approach unraveled a
high degree of differentiation in Paleolithic Japanese. Anclent southern and northern migrations were detected based
on the existence of basic M and N lineages in Ryukyuans and Ainu. Direct connections with Tibet, parallel to those
found for the Y-chromosome, were also apparent. Furthermore, the highest diversity found in Japan for some
derived clades suggests that Japan could be Included in an area of migratory expansion to Continental Asia. All the
theoties that have been proposed up to now to explain the peopling of Japan seem insufficient to accommodate fully
this complex picture.

[Supplemental material is available online at www.genome.org.]

Recent analysis of global mitochondrial DNA diversity in hu-
mans based on complete mtDNA sequences has provided com-
pelling evidence of a human mtDNA origin in Africa (Ingman et
al. 2000). Less than 100,000 years ago, at least two mtDNA hu-
man lineages began to rapidly spread from Africa to the Old
"World (Maca-Meyer et al. 2001). The archaeological records attest
that humans reached Japan, at the eastern edge of Asia, around
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30,000 years ago (Glover 1980). At that time, Japan was con-
nected to the Continent by both northemn and southern land
bridges, enabling two migratory routes. As early as 13,000 years
ago, pottery appeared in Japan and Siberia for the first time in the
world (Shiraishi 2002). Subsequent technical improvements gave
rise to the Japanese Neolithic period known as the Jomon period,
in which the population growth was considerable. Later, Conti-
nental people arrived in Japan from the Korean peninsula, initi-
ating the Yayoi period, with this migration reaching its maxi-
mum at the beginning of the first millennium.

With this archaeological framework in mind, it was of an-

14:1832-1850 ©2004 by Cold Spring Harbor Laboratory Press ISSN 1088-9051/04; www.genome.org
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thropological interest to us to know whether the modern Japa-
nese are the result of an admixture between the Paleolithic~
Neolithic aborigines and more recent immigrant populations,
whether the indigenous population gradually evolved to give rise
to the modern Japanese, with subsequent colonizations having
strong cultural influences but only minor demographic impact,
or even whether the late Neolithic waves entirely replaced the
indigenous residents. Morphometric data obtained from the re-
mains of Japanese Paleolithic people are more in accordance with
a southem origin for these first immigrants. Subsequent morpho-
logical studies on modern indigenous (northern Ainu and south-
e Ryukyuans) and mainland Japanese favored an admixture
model in which the former would be descendants of the Paleo-
lithic Japanese and the latter derived from the Continental im-
migrants who gave rise to the Yayoi period (Hanihara 1991).
Genetic analysis using classical markers assigned a definitive
northern origin to the Upper Paleolithic inhabitants of Japan;
but whereas some authors favored a homogeneous background
for all modern Japanese (Nei 1995), others claimed that although
Upper Paleolithic and Yayoi period immigrants had probably a
northern Asian origin, they were genetically differentiated
(Omoto and Saitou 1997). The application of molecular markers
to define maternal and paternal lineages to the peopling of Japan
confirmed the dual admixture model but added some interesting
novelties. For example, the study of Y-chromosome markers led
to the discovery of remarkable Korean and Tibetan influences on
the Japanese population (Hammer and Horai 1995); and mtDNA
HVS-1 sequences also confirmed the Korean input (Horai et al.
1996) and closer affinities of the Japanese to Tibetans than to
southern Asians (Qian et al. 2001). In quantitative estimations of
maternal admixture, it was found that ~65% of the mainland
Japanese gene pool was derived from Continental gene flow after
the Yayoi period. However, the indigenous Ainu from the north-
ern island of Hokkaido and the Ryukyuans from southern OKki-
nawa showed <20% Continental specificity, pointing to them as
the most probable descendants of the Jomon people. The fact
that these indigenous groups were, in turn, genetically well dif-
ferentiated indicated a notable degree of heterogeneity and/or
isolation among the early Japanese immigrants (Horai et al.
1996). However, two handicaps of these studies are the incom-
Pplete representation of Asian populations and the relatively small
sample size of those analyzed, which weakens the reliance on the
relative affinities found by genetic distance methods (Helgason et
al. 2001). For mtDNA there are currently enough HVI/HVII data
from eastern Asia, including Japan, to test the validity of the
above-mentioned results. However, these sequences have been
assorted into different clades following different insufficient cri-
teria or even have not been classified at all. Furthermore, the
phylogenetic confidence of results based only on sequences from
the noncoding region (HVI, HVII) has been recently questioned
(Bandelt et al. 2000). This is mainly due to the frequent occur-
rence of parallel mutations in independent lineages that confuse
the correct classification, a source of error that is increased be-
cause the basal motif in the noncoding region for the two mac-
rolineages that expanded throughout Asia is the same (16223). In
addition, as the noncoding region has not evolved at a constant
rate across all human lineages, it is considered inappropriate to
use this region for dating evolutionary events (Ingman et al.
2000; Finnild et al. 2001).

To make reliable use of this important source of available
data on the mtDNA noncoding region to contrast the maternal
structure and to determine the most probable origin of the mod-
em Japanese, we have undertaken the following approach: First,
we used a set of complete mtDNA sequences of 672 Japanese
individuals to create a phylogenetic network (Bandelt et al. 1999)
that related them to other complete sequences, already pub-

lished, belonging to the major haplogroups proposed by others
(Torroni et al. 1992, 1996; Macaulay et al. 1999; Yao et al. 2002a).
Discriminative positions in the noncoding region, defining ad-
ditional Asian subhaplogroups, were then used to further classify
766 previously published Japanese partial sequences. For this
purpose we also included other unambiguously assorted se-
quence data reported by other research groups (Derbeneva et al.
2002b; Yao et al. 2002a). These HVI sequences thus pooled were
then compared with other published Asian sequences. Finally,
using all of these classified sequences, we tested the relative af-
finities of modern Japanese and Continental Asians using global
distance methods and phylogeographic approaches framed at
different age levels.

RESULTS

Eastern Asia Phylogeny Based

on Complete mtDNA Sequences

The phylogenetic network constructed with the complete
mtDNA sequences fully coincides with those previously pub-
lished at worldwide (Maca-Meyer et al. 2001; Herrnstadt et al.
2002) or regional scale (Kong et al. 2003). Moreover, their main
branches are well supported by high bootstrap values on a neigh-
bor-joining tree (Supplemental material, condensed by more
than 40% bootstrap values).

From the L3 African trunk, two early branches came out of
Africa and radiated extensively, originating superhaplogroups M
and N, which were defined by the basic mutations depicted in
Figures 1A and 2, respectively. Representatives of both superhap-
logroups reached Japan. The construction of these phylogenetic
trees by using our Japanese complete sequences and other pub-
lished Asian sequences (Table 1) resulted in a better definition of
the known haplogroups and in the identification of new clades at
different phylogenetic levels. Characteristic HVI motifs and di-
agnostic RFLPs in the coding region, and coalescence ages for
these haplogroups and subhaplogroups are given in Supplemen-
tal Tables A and B. To contribute to the unification of the mito-
chondrial nomenclature, we revised the previously proposed
haplogroups by adding the following new information.

Subdivisions Within Macrohaplogroup M

Haplogroup D

Haplogroup D has been defined by the specific RFLP —5176 Alul
(Torroni et al. 1992). Studies on Native American HVI sequences
permitted further subdivision of D into subgroups D1 by muta-
tion 16325 and D2 by mutation 16271 (Forster et al, 1996). Ad-
ditional subdivisions into subhaplogroups D4 and D5 have been
proposed for Asian lineages (Yao et al. 2002a). These investigators
characterized D4 by position 3010. Two additional mutations,
8414 and 14668, have been proposed to define D4 (Fig. 1B;
Kivisild et al. 2002). Whereas these two latter mutations seem to
be rare events, 3010 has also been independently detected in
haplogroups H and J. A new branch at the same phylogenetic
level as D4 and D5 has been detected in Japan (Fig. 1B). It is
characterized by mutations 709, 1719, 3714, and 12654 and was
named D6. The subdivision of D4 into subgroups D4a and D4b
was proposed on the basis of the distinctive mutational motif
152, 3206, 14979, and 16129 for the first and 10181 and 16319
for the second (Kivisild et al. 2002). Both subclades have been
detected in our Japanese sample. From our data it can be deduced
that mutation 8473 is also basal for D4a. In relation to D4b it
seems that its ancestral branch is defined by the 8020 substitu-
tion (Fig. 1B). Consequently, the D4b subgroup proposed by Yao
et al. (2002a} should be renamed D4bl harboring 15440 and
15951 as additicnal basic mutations. A new subgroup character-
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geographic distributions of some subhaplogroups are peculiar.
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