Appendix 2
Rouleau’s protocol: the score is calculated by a
sum of three components {[, II, I}

Appendix 3 _
Cahn's protocol: the global score is calculated
by subtracting qualitative score (ll} from

Quantitative CDT score = maximum 10 points: assesses the
presence and correctness of the clock; the clock face (0~
2 points), the placement of the hands (0—4 points) and the
placement of the numbers (0-4 points}

Qualitative CDT score = maximum 8§ points: summary of the

Stimulus-bound response: the tendency of the drawing to be
dominated or guided by a single stimulus

Conceptual deficit: this error type reflects a loss or deficit in
accessing knowledge of the attributes, features and meaning of

Perseveration: the continuation or the recurrence of activity
Neglect of left hemispace: all attributes of the clock are written
Plannning deficit: this error type is represented by gaps before

Nonspecific spatial error: a deficit in the spatial layout of
numbers, without any specific pattern in spatial disorganiza-

Numbers written on the outside of the clock: numbers written
either around the perimeter of the circle or the circle itself

Numbers written counterclockwise: arrangement of the num-
bers with ‘12" at the top of the clock face and then continuing

Richardson HE, Glass JN: A comparisen of
scoring protocols on the Clock Drawing Test in
relation to ease of use, diagnostic group, and
correlations with Mini-Mental State Examina-
tion. J Am Geriatr Soc 2002;50:169-173.
Shuiman Kl, Gold DP, Cohen CA: Clock draw-
ing and dementia in the community: A longitu-
dinal study. Int J Geriatr Psychiatry 1993;8:
487-496,

Borson S, Brush M, Gil E: The Clock Drawing
Test: Utility for dementia detection in mul-
tiethnic elders. J Gerontol A Biol Sci Med Sci
1999;54:534-540,

Manos P: Ten-point clock test sensitivity for
Alzhetmer’s disease in patients with MMSE
scores greater than 23. Int J Geriatr Psychiatry
1999:14:454-453.

Powlishta KK, Dras V, Stanford A; The Clock
Drawing Test is a poor screening for very mild
dementia. Neurology 2002;59:898-903.
Kitabayashi Y, Ueda H, Narumoto J: Qualita-
tive analyses of clock drawings in Alzheimer’s
disease and vascular dementia, Psychiatry Clin
Neurosci 2001;55:485-491,

quantitative score (I}
I Integrity of the clock face (maximum: 2 points)
2 Present without gross distortion 1
1 Incomplete or some distortion
0 Absent or totally inappropriate
1I Presence and sequencing of the numbers
{maximum: 4 points) I
4 All present in the right order and at most minimal error in the following errors
spatial arrangement )
3 All present but errors in spatial arrangement
2 Numbers missing or added but no gross distortions of the
remaining numbers; numbers placed in counterclockwise di-
rection or all present but gross distortion in spatial layout (i.e. a clock
hemineglect, numbers outside the clock)
I Missing or added numbers and gross distortions without an appropriate stimulus
0 Absence or poor representation of numbers
1II  Presence and placement of the hands (maximum: 4 points} on the right half of the clock face
4 Hands are in correct position and the size difference is
respected 12,3,6 0r9
3 Slight errors in the placement of the hands or no representa-
tion of size difference between the hands
2 Major errors in the placement of the hands tion
1 Only one hand or poor representation of two hands
0 No hands or perseveration on hands
around in a counterclockwise fashion
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Cholecystokinin A Receptor Gene Promoter Polymorphism
and Intelligence

HIROSHI SHIMOKATA, MD, PuD, FUJIKO ANDO, MD, PuD, NAOAKIRA NIINO, MD, PuD,
KYOKO MIYASAKA, MD, prD, AND AKIHIRO FUNAKOSHI, MD, PhD

PURPOSE: To study the association between Cholecystokinin A receptor (CCKAR) genotypes and
intelligence in community-living men and women.

METHOD: Subjects were 2251 community-dwelling Japanese men and women aged 40 to 79 years. The
CCKAR gene promoter polymorphisms A-81G and G-128T were determined. Intelligence was assessed by
Japanese Wechsler Adult Intelligence Scales — Revised Short Forms (JWAIS-R SF). The difference in
intelligence between wild type and mutation was tested.

RESULTS: There were no subjects with AA/GT, AA/TT, or AG/TT genotypic combinations. Both A-
81G and G-128T genotypes were related to intelligence quotient (IQ) estimated by JWAIS-R SF. The
mean and SE of 10 levels of subjects with the wild-type allele and the mutation allele ar nucleotide -128
were 103.4 + 0.3 and 101.6 % 0.6, respectively. There was a significant difference in If) for G-128T
{p = 0.008). The difference in I{Q for A-81G was also significant {(p = 0.011). The IQQ level was 103.6 +
0.4 in the subjects with the wild-type allele and 102.0 £+ 0.5 in the subjects with the muration. Differences
in 10 levels by haplotypes for combinations of A-81G/G-128T were examined. I significantly decreased
with an increasing number of mutation alleles (p = 0.018).

CONCLUSION;: There were statistically significant differences in IQ for CCKAR gene promoter
polymorphisms A-81G and G-128T in community-living Japanese.

Ann Epidemiol 2005;15:196-201. © 2004 Elsevier Inc.  All rights reserved.

KEY WoRDS: Cholecystokinin, Intelligenice, Genotype, Epidemiology.

INTRODUCTION

It is suspected that various genes influence intelligence, but
the association between gene polymorphism and intelli-
gence is still unclear. Cholecystokinin (CCK) is one of the
major physiologic substances of gallbladder contraction and
pancreatic enzyme secretion. CCK also plays an important
role in the central nervous system (CNS) by interacting
with dopamine and other neurotransmitters (1). CCK
receptors have been classified into two subtypes, CCK
type-A receptor (CCKAR) and type-B receptor {CCKBR).
CCKAR has been found in the CNS (2). Associations with
feeding disorders (3), anxiety (4), and schizophrenia (5)
have been reported. It was also reported that learning and
memory functions were impaired in CCKAR gene-knock-
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out (OLETF) rats (6, 7). The CCKAR gene may be related
to intelligence in humans. We examined the association
between CCKAR gene promoter polymorphisms and intel-
ligence in a group of 2231 community-dwelling Japanese
men and women.

METHODS
Subject Selection

The subjects in this study were participants in the National
Institute for Longevity Sciences - Longitudinal Study of
Aging (NILS-LSA) (8). The NILS-LSA started in Novem-
ber 1997. The first phase of examinations was finished
by the end of March 2000, and followed-up every 2 years.
Participants in the NILS-LSA were independent residents
in Obu city and Higashiura town in Aichi prefecture,
central Japan. Data on all residents in the area are
maintained in a Resident Registration Systetn by local
governments. Residents aged 40 to 79 years old were
selected using Resident Registration. Samples of 7790 males
and females were selecred by age and gender strarified
random sampling and invited to an explanatory meeting by
mail. The number of teplies was 3434. Of these, 881 refused
to artend the meeting, 2553 agreed to atrend, and 2513
actually attended. After the meeting, 2267 participated in
the first phase examination. At the meeting, the procedures

1047-2797/05/%-see front marter
doi:10.1016/j.annepidem.2004.06.007
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Selected Abbreviations and Acronyms

BMI = body mass index

CCK = cholecystokinin

CCKAR = cholecystokinin A receptor
CNS = central nervous system

DNA = deoxyribonucleic acid

GLM = general linear model

IQ = intelligence quotient

IWAIS-R-SF = Japanese Wechsler Adult Intelligence Scales - Revised

Shott Forms

NILS-LSA = National Institute for Longevity Sciences — Longitudinal
Study of Aging

PCR-RFLP = polymerase chain reaction - restriction fragment length
polymorphism

OLETF = Otsuka Long-Evans Tokushima Fatty

SE = standatd error

WAIS.R = Wechsler Adult Intelligence Scales — Revised

for each examination and follow-up schedule were fully
explained. Written informed consent to participate in all
procedures was obtained from each subject. All persons in
the Resident Registration list had Japanese nationality, and
there were no persons who had a foreign name among the
subjects. The subjects in this study were supposed to be
ethnically homogenous Japanese.

Among the 2267 participants in the first phase
examination, 2251 men and women were evaluated for
CCKAR genotypes and intelligence. These subjects were
analyzed for cross-sectional associations between genotype
and intelligence. The number of the subjects by gender and
age was almost equal {Table 1). The mean and standard
deviation for age was 59.2 + 10.9 years. Among the
subjects, 26.7% had an educational background of college or
greater. The Ethical Committee of Chubu National
Hospital approved all procedures of the NILS-LSA.

Evaluation of Intellipence and Other Variables

The Wechsler Adult Intelligence Scales — Revised (WAIS-
R) is one of the most popular tools used to assess intelligence
(9). A Japanese version of the WAIS-R (JWAIS-R} has
been developed and is widely used in Japan (10). In this
study, intelligence was assessed by the Japanese Wechsler
Adult Intelligence Scales - Revised - Short Forms (JWAIS-
R-SF) (11). The JWAIS-R-SF consists of the following four
subtests: Information, Similarities, Picture Completion, and

TABLE 1. Distribution of the subjects by gender and age

Age (years)
Gender 40-49 50-59 60-69 70-79 Total
Males 291 282 281 280 1134
Females 218 278 283 278 1117
Total 569 560 564 558 21251
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Digit Symbol. Scaled scores of subtests were used in the

analysis. The intelligence quotient {IQ) was estimated from
the combination of these four subtests. Psychologists
conducted the interviews and JWAIS-R-SF tests. Height
and weight were measured while wearing lightweight
clothes, and body mass index (BMI) was calculated as
weight (kg) divided by height {(m} squared. Life-style and
medical history including annual income, education, and
smoking status were checked by questionnaires. The
questionnaires were checked by a physician at the medical
examination. All drugs used during the previous 2 years were
to be documented by participants; the physician confirmed
them at an intetview and coded the drugs used during the
last 2 weeks. Among the 2251 subjects in the study, 213 had
used drugs acting on the CNS, that is, hypnotic sedative
agents, antianxiety agents, antiepileptic agents, stimulant
drugs, antihypnotic drugs, anti-Parkinson drugs, and anti-
psychotic drugs during the previous 2 weeks. The 1Q was less
than 70 in 11 subjects, and only one of them used drugs
acting on the CNS,

CCKAR Genotype Analysis

Genomic DNA was extracted from peripheral blood
lymphocytes by a standard procedure. A mismatch PCR-
RFLP method was used to analyze polymorphisms in the
upstream region of the CCKAR gene [GenBank Accession
No. U23427 (5)]. One pair of primers, sense primer = 5'-
GCATATGTACACATCTGTGTAAAAAGCAGCCA
GAC-¥, anti-sense primer = 5-GCCCTTTCCTGGGC
CAGACT-3) was designed to amplify a 103-base pair
product, digested with restriction enzyme Hinf I, and
analyzed by 3% agarose gel electrophoresis. Two sequence
changes were detected: a G to T change at nucleotide -128,
and an A to G change at nucleotide -81 (12).

Statistical Analysis

All values were expressed as the mean £ SE, if not specified.
Both polymorphisms at nucleotides -128 and -81 were
divided into two groups; as wild-type and mutation. Hetero
groups were classified as mutation. The difference between
wild-type and mutation groups was tested by the t-test for
continuous variables and the 2 X 2 chi-square test for
categorical variables. The difference in I and JWAIS-R
subtests score by genotype was also tested by the t-test
excluding subjects who had used drugs acting on the CNS ar
subjects with IQ less than 70. The trend among the three
groups was tested by the general linear model (GLM) and
the probability for trend {p for trend) was shown. Statistical
analyses were performed using the SAS system (SAS
Institute Inc., Cary, NC). All p-values were two-tailed.
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RESULTS
Distribution of CCKAR Promoter Genotypes

The distributions of CCKAR promoter single nucleotide
polymorphisms A-81G and G-128T were both in Hardy-
Weinberg equilibrium. The distribution of genotype com-
bination was examined (Table 2). These polymerphisms
were in linkage disequilibrium. There were no subjects with
AAJGT, AAJTT, or AG/TT genotypic combinations. Thus,
subjects with a mutation at -128 always had a mutation
at -81.

Background Characteristics and CCKAR Genotype

Figure 1 shows the IQ distribution. The distribution was
slightly skewed to the left (lower IQ) and close to a normal
distribution. The mean value of the I of the all subjects was
103.0, and the median was also 103. The difference between
the mean and median was very small. The lowest 1Q) was 43
and the highest I{} was 142 among the subjects. The number
of subjects with 10 less than 70 was 11, and those with IQ
135 or over was 13. Background characteristics were
compared by CCKAR G-128T and A-81G genotypes
(Table 3). Age, body weight, body mass index, annual
income, education, and smoking starus did not differ
between wild-type {GG) and mutation (GT or TT) for
the CCKAR G-128T genotype. These variables also did not
differ for the CCKAR A-81G genotype except for education
status. Education status in the wild-type (AA) group was
significantly higher than that in the muration-type {AG ot
GG) group (p = 0.009). The 1QQ was significantly different
by education status (p < 0.001). The IQ for the low
education group was 100.3 + 0.3 and that for the high
education group was 110.6 + 0.5.

Intelligence and CCKAR Genotype

The 1Q levels in subjects with wild-type and muration
alleles at nucleotide -128 were 103.4 + 0.3and 101.6 + 0.6,
respectively. There was a significant difference in I1Q for the
G-128T genotype (p = 0.008). The score of Digit Symbol
was lower in subjects with a mutation (p = 0.003). There

TABLE 2. Distribution of CCKAR G-81T and A-128G
genotypes

CCKAR A-81G
CCKAR
G-128T AA AG GG Total
GG 1317(58.5%) 307{(13.6%) 26{1.2%) 1650(73.3%)
GT 0(CC%)  491{21.8%) 61 {(2.7%) 552 (24.5%)
T 0 (0.0%) 0(0.0%) 49 (2.2%) 49 (2.2%)

Total 1317 (58.5%) 798{355%) 136{(6.0%) 2251 (100.0%}
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FIGURE 1. Distribution of I levels in the subjects.

was no difference in the scores of Information, Picture
Completion, and Similarities subtests for polymorphism
G-128T. The IQ level was 103.6 + 0.4 in subjects with
wild-type (AA) and 102.0 % 0.5 in subjects with mutation
{AG or GG) at nucleatide -81. The difference in I for the
A-81G polymorphism was significant (p = 0.011). The
Picture Completion and Digit Symbol subtest scores were
significantly lower in subjects with the mutation {p = 0.043
and p = 0.008, respectively). The Similarities subtest score
was marginally lower for a mutation at nucleotide .81
{p = 0.051).

In the low education group, IQ was 100.5 & 0.4 in the -
128 wild-type group and 99.5 £ 0.6 in the -128 mutation-
type group. There was no significant difference in 1Q
between the wild- and mutation-type of G-128T genotype.
However, the IQQ for the -81 wild-type group was 100.8 3
0.4, which was significantly higher than that for the
mutation group (994 + 04) (p = 0.038). In the high
education group, the IQ was 111.5 £ 0.6 in the -128 wild-
type group and 107.9 £ 1.1 in the -128 mutation-type
proup. There was a significant difference between the wild
and mutation groups (p = 0.004). The IQ in the -81 wild-
type group (111.1 x 0.7) did not differ from that in the
mutation group (109.8 £ 0.9).

Intelligence was compared excluding subjects who had
used drugs acting on the CNS and subjects with IQ less than
70 (Table 4). The number of excluded subjects was 223.
Differences in I{) between in the wild-type and mutation
groups were still significant both for A-81G and G-128T
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TABLE 3. Comparison of variables berween wild-type and mutation alleles in CCKAR G-81T and A-128G genotypes
CCKAR G-128T CCKAR A-81 G
Wild type GG Mutation GT or TT P Wild rype AA Mutation AG or GG P
n 1650 601 1317 333
Age (years) 592 £ 0.3 533+ 04 NSt 59.1+03 585404 NS
Weight {kg} 51.5£02 5.0+ 04 NS 576+ 03 510+ 03 NS
BMI (kgy’mz) 22.9 £ 0.1 229+ 01 NS 29101 2294 0.1 NS
Annual income {%; 54,000 US$ or over) 575 58.3 NS 58.3 51.0 NS
Education (%; college or over) 26.9 26.0 NS 274 25.6 0.009
Smoking (%: smoker) 228 22.8 NS 236 218 NS
JWAIS-R-SF
(0] 1034 + 03 1016 £ 0.6 0.008 103.6 + 0.4 102.0 £ 0.5 0.011
Information 991 ¢l 97101 NS 9.9 1+ 0.1 28+ 01 NS
Picture Completion 102 £ 0.1 100£01 NS 10.2 £ 01 100 £ 0.1 0.043
Similarities 103101 101 £ 0.1 NS 103+ 01 101 £ 0.1 0.051
Digit Symbol 1.7 01 113101 0.003 1.7+ 01 114 £ 0.1 0.008
tMean + SE.
'NS = not significant.
*p-value tested by the e-test or %2 test.
genotypes. The IQQ levels of subjects with wild-type and Haplotype Analysis

mutation alleles at nucleotide -128 were 104.1 + 0.4 and
102.0 £ 0.6, respectively. There was a significant difference
in I} (p = 0.002). The scores of Information and Digit
Symbol were significantly lower in subjects with a mutation
{(p =0.012 and p = 0.003, respectively). There were no
differences in the scores of Picture Completion and
Similarities subtests for polymorphism G-128T. The IQ
level was 104.2 + 0.4 in the subjects with wild-type and
102.6 £ 0.5 in the subjects with mutation at nucleotide -81.
Difference in IQ) by A-81G polymorphism was significant
(p = 0.008). Similarities and Digit Symbol subtest scores
wete significantly lower in subjects with the muration
(p == 0.033 and p = 0.013, respectively). The Information
subtest score was marginally lower with mutation of nucle-
otide -81 (p = 0.078). However, there was no significant
difference in the score of Picture Completion subtest.

Possible haplotypes in the combinations of polymorphism
A-81G/G-128T were GA, GG, TG, and TA. However,
there were no subjects with AA/GT, AA/TT, or AG/TT
genotypic combinations {Table 2). The common haplotype
of AAJGT, AAITT, or AG/TT genotypic combinations was
TA. It was considered that no subject had a TA haplotype.
The distribution of haplotypes GA, GG, and TG is shown in
Table 5. The number of GA haplotypes was 3432; GG was
420; and TG was 650. There was a significant difference in
1Q among haplotypes GA, GG, and TG. The IQ for
haplotype GA was the highest and the IQ for haplotype TG
was the lowest. With an increase in the number of mutation
alleles, the IQ level decreased (p = 0.018). Digit Symbol
scores also significantly decreased with an increasing
number of mutation alleles {(p = 0.012).

TABLE 4. Comparison of intelligences between wild-type and mutation alleles in CCKAR G-81T and A-128G genotypes. Subjects
who had used drugs acting on the CNS or subjects with IQ less than 70 were excluded

CCKAR G-128T CCKAR A-81G
Wild type GG Mutation GT or TT p* Wild type AA Mutation AG or GG P
n 1489 539 1178 850
JWAIS-R-SF
1Q 104.1 + 04! 1020 + 0.6 0.002 104.2 + 04 102.6 + 0.5 0.008
Information 10.0 + 0.1 9.6 £ 0.1 0.012 100 £ 01 9.8 +01 0.078
Picture Completion 102 £ 0.1 101 £ 0.1 Ns? 103 £ 0.1 10.1 £ 01 NS
Similarities 104 + 0.1 10.2 £ 0.1 NS 104 £ 0.1 10.2 £ 0.1 0.033
Digit Symbol 11.8 £ 01 114 + 0.1 0.003 11.8 £ 0.1 11.5 £ 0.1 0.013
tMean + SE.

NS = not significant.
*p-value tested by the t-test.
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TABLE 5. Comparison of intelligences between wild-type and
mutation alleles in CCKAR G-B1T and A-128G genotypes

Haplotype
GA GG TG p for
trend*
n 3432 420 650
JWAIS-R-SF
IQ 1032 £ 0.2' 1030+ 07 100L.7+06 0018
Information 100 £ Q.1 28101 974101 N&
Picture 162+£01 101401 10.0+01 NS
Completion
Similarities 103 £ 01 101 £ 01 10.1 £ 01 NS
Digit symbol 116 + 0.1 116 + 0.1 11.34+01 0012
'Mean + SE.

'NS = not significant.
*Trend of the three groups was tested by the general linear model.

DISCUSSION

Accumulating data support the involvement of the
dopaminergic system in cognitive processing. It is known
that CCKAR modulates CCK-stimulated dopamine release
in the brain, and mutations in the CCKAR gene may
influence the dopaminergic system (5). Considerable pre-
clinical and clinical evidence indicate that inhibitory effects
on dopaminergic systems by antipsychotic medications may
account for cognitive impairment. A report showed
sustained activation of the human mesolimbic dopaminer-
gic system during the performance of cognitive tasks (13). It
was also reported that systemic administration of the
CCKAR selective antagonist, devazepide, impaired the
development of conditioned incentive learning in rats (14).
From these data, it is suspected that mutation in the
CCKAR gene may influence intelligence.

The CCKAR promoter genotypes were significantly
related to IQ. The 1) levels of subjects with the mutant
allele were significantly lower than those of subjects with the
wild-type allele both for G-128T and A-81G genotypes. A
difference in I{Q by CCKAR promoter gene polymorphisms
was seen in both middle-aged and elderly people. In analyses
excluding the subjects who had used drugs acting on the
CNS and subjects with 10} less than 70, there was also
asignificant difference in 1) between the wild and mutation
genotypes. We carried out association studies of quantitative
traits with haplotypes, and found that the I{} became lower
with an increase in the number of mutation alleles.

The CCKAR gene polymorphisms of G-128T and A-81G
are located in the promoter region of the gene. It is suspected
that mutation of these genotypes is related to the amount of
CCKAR production. However, it is still unclear whether
these CCKAR polymorphisms are functional or if they are in
linkage disequilibrium with other as yet unknown poly-
motphisms in the CCKAR gene or in a neighboring gene.
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In the studies on intelligence in the general population,
investigation of genetic factors is an important issue (15),
However, at the present time, gene polymorphism has
infrequently been reported to be associated with cognition
(16). It is suspected that there are many genes associated
with individual differences in intelligence, and intelligence
is determined from interactions of these gene polymor-
phisms. However, the contribution of each gene to inteli-
gence may be small as indicated by the results of this study.
Testing of thousands of subjects is required to detect small
but significant differences. A detailed assessment of 1Q
requires interviews by psychologists. Assessment of 1) in
a large-scale community-dwelling population is generally
difficulr. It is also difficult to obrain DNA specimens from
community-dwelling populations. Because of this, studies
on the association between genotype and intelligence have
not progressed. In the present study, we showed the
relationship between intelligence and CCKAR promoter
mutations G-128T and A-81G in community-living mid-
dle-aged and elderly Japanese. CCKAR-promoter genotyp-
ing may provide useful information for assessing intelligence
and preventing cognitive impairment.
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Alcohol dehydrogenase 2 variant is
associated with cerebral
infarction and lacunae

Y. Suzuki, MD, PhD; M. Fujisawa, MD; F. Ando, MD, PhD; N. Niino, MD, PhD; I. Ohsawa, PhD;
- H, Shimokata, MD, PhD; and S. Ohta, PhD

Abstract—The authors examined the association of the alcohol dehydrogenase 2 (ADHZ2) genotype with vascular events in
community-dwelling Japanese (1,102 men/1,093 women). The allele ADH2*2 encodes an isozyme with a higher level of
activity than ADH2*1. Here, the authors show that the ADH2*I carriage is associated with high prevalence of cerebral
infarction and lacunae in men, Multiple regression analyses confirmed that the risk of lacunae and cerebral infarction was

increased by the ADHZ2*] allele.
NEUROLOGY 2004;63:1711-1713

Alcohol dehydrogenase (ADH) is one of the key en-
zymes in alcohol metabolism. ADH2 and ADH3 have
alleles that encode isoenzymes with distinct enzy-
matic properties.! Among Caucasians, a variant
ADHS3 allele is found. On the other hand, among
Mongoloids, especially the Japanese, about 85% of
individuals are carriers of the p2-subunit encoded by
the ADH2*2 allele, compared to only 5% or less of
European and white American populations. The $1
{encoded by ADHZ2*1) and B2 subunits (encoded by
ADH2*2) differ by only one amino acid residue,
Arg-47 in the B1 subunit substituted with His-47 in
the B2 subunit. ADH2 functions as a dimer and the
£2B2 dimer exhibits about 100 times more catalytic
activity than the B1p1 dimer,?

We previously reported on the influence of the
ADH2 and aldehyde dehydrogenase 2 genotypes on
diabetic vasculopathy in type 2 diabetes.? Here we
examined whether the ADH2 genctype would also be
associated with vascular events in community.
dwelling Japanese and show the association of the
ADH2#*] sllele with cerebral infarction.

Materials and methods. A population-based prospective cohort
study of aging and age-related diseases was begun in Japan in
1997. All participants {1,126 men and 1,106 women) were inde.
pendent residents of Aichi prefecture. Residents aged 40 to 79
years old were randomly selected from the register in cooperation
with the local government. A total of over 1,000 characteristics,
including medication, food and nutrition, bone mineral density,
blood and urine analysis, psychological examinations, visual and
auditory examinations, physical function tests and physical activ-
ities, anthropometry and body composition, and head MRI, were
examined (see http://www.nils.go.jp/index-j.htm!).? The study pro-
tocol was approved by the Committes on the Ethies of Human
Research of National Chubu Hospital and the National Center for

Geriatries and Gerontology. Written informed consent for the en-
tire procedure was obtained from each participant.

Samples of DNA were isclated from peripheral blood cells.
Genotypes were determined with & fluorescence-based allele-
specific DNA primer-probe assay system (Toyobo Gene Analysis,
Tsuruga, Japan). Brain MRI was performed using a 1.5-tesla
scanner (Toshiba Visart, Tokyo). The first scanning sequence con-
sisted of & T1-weighted sagittal series centered in the midline to
define the crbitomeatal line. The second series of Tl-weighted
axial images and T2-weighted axial images were oriented parallel
to the orbitomeatal line. Fourteen slices were taken at each
examination.

A cerebral infarction was defined as & lesion more than 0.3 cm
in diameter appearing as a low-signal-intensity area on T1-
weighted images that was also visible as a hyperintense lesion on
T2-weighted images as described.®* Small lesions (<1.5 cm) were
diagnosed &s a lacunae. One of the authors (M.F.), a neurologist,
who was blinded to the clinical status of the subjects, interpreted
all MRI series.

Results. When the subjects were grouped into three ac-
cording to the genotype of ADH2, ADH2*2/ADH2*2
(ADH2*2/2), ADH2*2/ADH2*1 (ADH2*2/1}, and ADH2*1/
ADH2*1 (ADH2%*1/1), the distribution of the ADH2 geno-
types was in Hardy-Weinberg equilibrium. There was no
significant difference in characteristics among the three
genotypic groups in women (data are not shown). In con-
trast, in men, the level of total cholesterol (TC) and LDL-
cholestercl (LDL-C) significantly differed between the
ADH2*2/2 and ADH2*1/2 genotypic groups by multiple
comparisons (table 1), Although group ADH2*1/1 did not
significantly differ in the levels of TC and LDL-C from the
other groups, probably due to an insufficient number in
members of group ADH2*1/1 (5.2%), the ADH2*] allele
tended to increase the levels of TC and LDL-C, Addition-
ally, alcohol consumption was higher in the ADH2*1/1
group than the other groups, whereas there was no differ-
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Table 1 Comparison of clinical characteristics in men among ADH2*2/2, ADH2*2/1, and ADHE®] /1 genotypic groups

ADH2*2/2 ADH2*2/1 ADH2*1/1 Genotype: p value
No. (%) 689(61.2) 378 (33.6) 59 (5.2) NS
Age, y 594+ 0.4 58.8 = 0.6 58.0x14 NS
Alcohol, g/d 288x14 295=+19 445 x 45 2/2 va V1: p = 0.0049*
91 vs 1/1: p = 0.0102*
Nonsmoker & smoker, %t 21/40/39 22/40/37 24/39/37 NS
Systolic BP, mm Hg} 1201 =08 1218+ 1.0 126.1 + 2.6 NS
Diastolic BP, mm Hg? 749+ 0.5 76.1 £ 0.6 773% 18 NS
Percent with hypertension§ 32.8 37.0 40.7 NS
Height, cm 164.4 = 0.2 164.7 = 0.3 164.6 + 0.8 NS
BMI 23.0*+ 0.1 228=+0.1 229 % 0.4 NS
T-cho, mg/dL. 210.1 % 1.3 215.7 + 17 217.6% 43 2/2 vg 2/1: p = (.0231*%
LDL, mg/dL 1297 * 1.2 135.8 £ 1.7 1344x 4.2 2/2vs 2/1: p = 0.0115*
HDL, mg/dL 573+ 0.6 57.6 = 0.8 574+19 NS '
TG, mg/dL 134.8 3.7 130.8 = 5.0 1502 * 124 NS
Glucose, mg/dL 105.7 = 0.9 106.1x 12 103929 NS
HbAle, % 532+ 0.03 5.34 = 0.04 5.33 £ 0.10 NS
Percent with diabetes 13.3 13.3 13.6 NS
Insulin, pU/mL 85=02 78+03 87=0.7 NS
Estradiol, pg/mL 282 x 0.4 27.1 0.5 259 =14 NS
F-Testosterone, pg/mL 13102 13.3x0.2 13605 NS
Brain examination, n (%) n=678 n = 367 n=57
Lacunal infaretion 60(8.9) 55 (15.0 8(14.0} » = 0.0085]
2/2 vg 2/1: p = 0.0025]
Cerebral infarction 68 (10.0) 59(18.1) 9(15.8) p = 0.01299

272 vs 2/1: p = 0.0043|

Values are mean = 8D or n (%).

* p Value obtained by the Turkey-Kramer method for multiple comparisons. _
1 Nonsmoker & smoker = percentage of complete nonsmokers/percentage of past smokers who stopped smoking/percentage of current

smokers.

t Blood pressure (BP) was analyzed only with subjects not taking oral antihypertension medications.
§ Hypertension was defined as either a systolic blood pressure of over 140 mm Hg or a diastolic blood pressure of over 90 mm Hg, or as

receiving antihypertension medication.
9 p Value cbtained by the contingency table analysis.

1 » Value by the chi-square analysis between groups ADH2%2/2 and ADH2*2/1.

NS = not significant by multiple comparisons; BMI = body mass index; LDL = low-density lipeprotein; HDL = high-density lipoprotein.

ence in amounts of alcohol consumption between groups
ADH2*2/2 and ADH2*2/1.

A total of 1,102 male and 1,093 female subjects were
examined by MRI. More striking, in men, higher frequen-
cies of lacunae and cerebral infarction were found in the
ADH?2+%2/1 group than the ADH2*2/2 group (see table 1).
The frequencies of other abnormal signs on MRI did not
differ among the three groups (data are not shown). In
women, there was no difference in prevalence of abnormal
MRI signs among the three ADH2 genotypic groups (data
not shown).

To confirm the significant difference in the frequencies
of lacunae and cerebral infarction according to the ADH2
genotype, multiple logistic analyses were performed based
on 1,102 subjects with an adjustment for aging (table 2).
Aging is the most significant risk for lacunae and cerebral
infarction. More interestingly, OR and p values clearly

1712 NEUROLOCGY 63 November (1 of 2) 2004

indicated that the ADH2*1 allele is a distinct risk for lacu-
nae and cerebral infarction. Even when the effect of alco-
hel consumption was included, the main conclusion was
not altered (see table 2).

Discussion. An influence on lacunae and cerebral
infarction by the ADH genotype was found only in
Japanese men. This discrepancy between genders
may be speculated to be due to a difference in alcohol
consumption. However, even when the effect of alco-
hol consumption was included, the main conclusion
was not altered. Therefore, the effect by aleohol con-
sumption does not seem responsible for the discrep-
ancy between pgenders. Instead, ADH2 activity
modulated by several hormones may be responsible
for the discrepancy. In fact, experiments with ani-
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Table 2 Multiple logistic analyses (number of subjects = 1,102)

OR (95% CI) p Value

Lacunar state in men
A: Multiple logistic analyses

ADH2 (carriage of ADH2*1
allele)

Age-10y

B: Multiple logistic analyses
including alcohol
consumption

ADH2 (carriage of ADH2%]
allele)

Age-10y
Cerebral infarction in men

2.16(1.44-3.25) 0.0002

3.46 (2.69-4.45) <0.0001

2,18 (1.49-3.38) 0.0005

3.53 (2.68-4.65) <0.0001
A: Multiple lagistic analyses

ADHS2 (carriange of ADH2*1
allele)

Age-10y
B: Multiple logistic analyses
including alechol
consumption
ADH2 (carriage of ADH2%]
allele)

Age-10y

2.06 (1.35-3.06) 0.0003

3.44(2.70-4.37) <0.0001
2.05(1.35-3.11) 0.0008

3.49 (2.70-4.52) <0.0001

mals indicated that testosterone reduces enzymatic
activity in the liver, and that estrogen increases the
activity.’ '

ADH catalyzed the first step in the metabolism of
ethanol, and in addition, has a wide substrate range,
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using both aliphatic and aromatic aleohols, alde-
hydes, sterols, and w-hydroxy fatty acids. It is worth
noting that ADH catalyzes the oxidation of 3,3-
dimethylallyl alcohol, the intermediary alcohol of the
shunt pathway of mevalonate metabolism, and the
branching between the sterol and the shunt pathway
could also oceur at the level of geranyl pyrophos-
phate and farnesyl pyrophosphate.f Therefore, the
genetic variant of ADH2 may change the flow of the
shunt pathway of cholesterol synthesis, thereby
causing LDL-C levels to vary between the ADHZ*3/2
and ADH2*2/1 groups. As for cardiovascular dis-
eases, it was reported that an ADH3 polymorphism
i associated with HDL-C levels and myocardial in-
farction in Caucasians.” Thus, our results may pro-
vide insight into ethnic differences in the incidence
of cerebral or myocardial vascular disease between
Mongoloids and Caucasians.
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The influence of aging and generalized diseases on distortion product otoacoustic emissions

Yasue Uchida, PhD*, Seiichi Nakata, PhD **, Hiromi Ueda, PhD ***, Tsutomu Nzkashima, PhD **,
Naoakira Niino, PhD ****, Fujiko Ando, PhD ****, Hiroshi Shimokata, PhD ****
* Department of Otorhinolaryngology, National Center for Geriatrics and Gerontology
** Department of Otorhinolaryngology Cognitive and Speech Medicine, Nagoya University School of Medicine
*** Department of Otorhinolaryngology, Nagoya First Red Cross Hospital
**** Department of Epidemiology, National Center for Geriatrics and Gerontology

Objective : Investigations using otoacoustic emissions have great potential to detect cochlear impairment,
especially nonlinear mechanical functions of the outer hair cells. Distortion product otoacoustic emissions
(DPCAE} mostly reflect audiometric thresholds ; however, there could be an inconsistency between DPOAE
response and audiometric thresholds depending upon the pathologic lesion. The objective of the present
study is to assess the effects of aging and generalized diseases on auditory function using DPOAE after
adjustment of confounding factors including audiemetric thresholds.

Subjects and method : Of 1534 participants in a population-based study, 1265 subjects aged between 41
and 82 years who were administered DPQOAE and other auditory tests were selected for the present analysis.
Loss of DPOAE was defined as a signal-to-noise ratio of DPOAE amplitude equal or less than 0 dBSPL.
Statistical analysis according to sex was performed in order to identify factors associated with loss of DPOAE
using a multiple logistic regression model in which the independent variables were age, hypertension, hyper-
lipidemia, diabetes mellitus, ischemic heart disease, renal disease, liver disease, pure-tone average of 5 frequen-
cies, resonant frequency of middle ear, ear disease, smoking habit, and occupational noise exposure.

Results | Age (odds ratio {OR] per 10 year = 1.36, 1.40, 1, 53, at £2 = 5188, 5652, 6165 Hz, respectively, in
male and OR = 1.32, 1.52, 1.42, 1.57, 1. 46 at {2 = 1001, 1086, 4004, 4358, 6165 Hz, respectively, in female) , pre-
sence of ischemic heart disease (OR = 2.25, 2.61 at 2 = 2002, 2185 Hz, respectively, in male} , presence of
hyperlipidemia {(OR = 1.89 at f2 = 4358 Hz in male) and presence.of liver disease {OR = 2.55 at {2 = 3662 Hz
in female) showed a significant statistical association with loss of DPOAE.

Conclusion : Aging, ischemic heart disease, hyperlipidemia, and liver disease each may have an indepen-
dent influence on auditory function from the effects on the pure-tone threshelds.

Key words : Distortion product otoacoustic emissions, Aging, Ischemic heart disease,
Hyperlipidemia, Liver disease
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Age Differences in the Effect of Physical Activity
on Depressive Symptoms

Yasuyuki Fukukawa, Chiori Nakashima, Satomi Tsuboi, Rumi Kozakai, Wataru Doyo,

Naoakira Ntino, Fujiko Ando, and Hiroshi Shimokata
National Institute for Longevity Sciences

This study examined associations between physical activity and depressive symptoms in 1,151
community-dweBing adults in Japan. Physical activity was measured using a pedometer, whereas
depressive symptoms were assessed with the Center for Epidemiological Studies—Depression Scale. A
structural equation modeling with a cross-lagged panel design revealed that for the older adults (65-79
years of age), daily walking at baseline predicted fewer depressive symptoms at the 2-year follow-up,
even after adjusting for confounders. In contrast, the association was not confirmed for the middle-aged
adults (40-64 years of age). Findings suggest that age should be considered when estimating the effect

of physical activity on psychological well-being.

People aged 65 years or older constitute the fastest growing
segment of many populations, especially in industrialized coun-
tries, and a significant percentage of the older population experi-
ences psychological distress such as depression. In fact, with major
depression affecting approximately 1% of older adults within a
community, and another §%-15% showing depressive symptoms
(Blazer, 1994), promoting mental health is a top priority among
professionals working with the aged.

The antidepressant effect of physical activity has been examined
in recent years. Evidence indicates that the benefits of exercise are
not restricted to experimental studies for moderately or clinically
depressed persons (McNeil, LeBlanc, & Joyner, 1991; Singh,
Clements, & Fiatarone, 1997) but extend to epidemiological stud-
ies of ponclinical community populations as well. Indeed, although
cross-sectional analyses have consistently shown that active indi-
viduals report fewer depressive symptoms than those who are less
active (Hassmen, Koivula, & Uutela, 2000; Herzog, Franks,
Markus, & Holmberg, 1998; Ross & Hayes, 1988), longitudinal
studies have also demonstrated that physical activity reduces sub-
sequent depressive symptoms (Camacho, Roberts, Lazarus,
Kaplan, & Cohen, 1991; Lampinen, Heikkinen, & Ruoppila,
2000). Camacho et al. (1991) found that regular physical exercise
by individuals at baseline reduced their risk for depression at the
9-year follow-up, even after adjusting for confounding variables.
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Lampinen et al, (2000) reported that those who had reduced their
intensity of physical exercise during the intervening 8 years were
more depressed at the follow-up than those who had remained
active or who had increased their physical activity.

Although previous findings are valuable, most of these studies
have focused on younger or middle-aged Caucasian adults (Brosse,
Sheets, Lett, & Blumenthal, 2002; Brown, 1992), Because it has
been established that body size and composition differ by age and
ethnicity and that the differences affect physical performance
(Shephard, 2002), age should be considered when estimating the
effects of physical activity on psychological well-being.

To our knowledge, two ernpirical studies directly addressed the
question of whether the relationship between exercise and psycho-
logical well-being varies across age groups. Stephens (1988) con-
ducted a secondary analysis of four surveys among household
populations of the United States and Canada and found that the
relationship between physical activity and mental health was stron-
ger for persons 40 years and older than for those ranging in age
from 20 to 39 years. Ruuskanen and Ruoppila (1995) found that
intensive and regular physical exercise was significantly associ-
ated with a lower prevalence of depressive symptoms in two of the
study's older age groups (65-69 and 70~75 years) but not in the
oldest age groups (75-79 and 80-84 years). Although these find-
ings suggest that there is an age difference in the effect that
physical activity has on depressive symptoms, both studies have
some methodological concerns: The analyses were cross-sectional,
and physical activity was assessed by self-report measures.

Self-reporting is the most feasible approach to large population
surveys for assessing physical activity, primarily because of its low
cost, ease of administration, and potential for nonreactivity
(Tudor-Locke, Williams, Reis, & Pluto, 2002). However, when
using self-report measures, respondents and investigators must
have a shared understanding of ambiguous terms such as leisure,
physical activity, moderate, and vigorous (Sallis & Saelens, 2000).
Furthermore, self-repott measures can lead to information bias due
to inaccurate recall or intentional misreporting, especially for older
adults (Stone, 1995). In the present study, to avoid the issues for
self-report measures, we used pedometers for a more objective
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menitoring of daily physical activity. Objective quantification of
ambulatory activity via simple and inexpensive pedometers allows
researchers and practitioners to easily assess activity levels along
a continnum (Tudor-Locke, Bell, et al., 2002). In addition, because
this portable monitoring device directly counts the number of steps
walked, the data obtained are independent of a person’s recall or
misreporting and are substantially free of errors (Tsubono et al.,
2002).

In the present study, we used longitudinal data from community-
dwelling adults in Japan to expand on previous research regarding
the relationship between physical activity and psychological well-
being. More specifically, we addressed the question of whether
physical activity affects depressive symptoms differently among
middle-aged and older adults by incorporating the widely used
Center for Epidemiological Studies—Depression Scale (CES-D;
Radloff, 1977) and measuring individuals’ regular walking
activities,

Method
Participants

The data for the present study were collected as part of the National
Institute for Longevity Sciences-Longitudinal Study of Aging (NILS-
LSA), The population of the NILS-LSA was a sex- and age-stratified
random sample of Japanese community-dwelling adults, who were be-
tween 40 and 79 years of age at baseline. We recruited the participants
from the neighbochood of the Institute (Obu City and Higashiura Town), in
cooperation with the local governments. Informed consent was obtained
from each participant at the study entry, Details of the NILS-LSA have
been described elsewhere {Shimokata, Ando, & Niino, 2000).

Because physical disability can preclude walking activity, 4 persons with
any of six functional disabilities (bathing, dressing, toileting, transfer,
continence, or feeding) were excluded from the analyses. The baseline
assessment of Katz's Index of Activities of Daily Living (Katz, Ford,
Moskowitz, Jackson, & Jaffe, 1963) was used for the exclusion procedure,
The study sample was then 1,131 men and women who had completed both
the baseline (Wave 1; from 1997 to 2000) and the 2-year follow-up (Wave
2: from 2000 to 2002) surveys, with no missing data in the study variables.
The average age for the entire sample was 57.4 years (SD = 10.2 years).
For the analyses presented in this article, the sample was divided into two
groups according to their age upon entering the study {middle-aged adults:
40-64 years old, n = 837; and older adults: 65-79 years old, n = 314),

Measures

Physical activity. Daily walking steps were counted by an electronic
digital pedometer (Seleet II, Suzuken Co., Nagoya, Japan) at both Wave 1
and Wave 2. The reproducibility and validity of the tool were fully
evaluated (Niimi, 1999). We supplied a pedometer to each participant on
the examination day {the NILS-LSA requires participants to visit the
Institute and spend 1 day for extensive examinations regarding medical,
psychological, and other health-related domains). Participants were given
instructions for wearing the device firmly at the belt line over 7 consecutive
days, from waking up to falling asleep. After completing the assessment,
participants retumed the device by mail. To estimate the participants’ usual
walking activity, we discarded the maximum and minimum daily records
from the entire data. The data for the remaining 5 days were summed up
and divided by 5, gencrating average daily walking steps for use in the
analyses.

Depressive symptoms. We measured depressive symptoms at both
Wave | and Wave 2 by means of a Japanese version of the CES-D Scale
(Shima, Shikano, Kitamura, & Asai, 1985). The scale was mailed to

participants to complete and bring to the Institute on the examination day.
Participants indicated how often during the previous week they had expe-
rienced any of the 20 symptoms included in the scale. Each item was rated
on a 4-point scale ranging from O (rarely or none of the time) to 3 (most or
all the time). Four positively worded items were reverse scored. The points
were added together so that a higher score represented a higher level of
depressive symptoms. Cronbach’s alphas were .86 and .86 for the middle-
aged group and .89 and .85 for the older group at Waves 1 and 2,
respectively.’ '

Control variables. We controlled for the following characteristics in
the statistical analyses. Gender was coded as a contrast effect (men were
assigned a score of 0 and women a score of 1). Annual family incomes at
Wave | were rated on an 1 I-point scale (1 = income less than ¥1,500,000,
t1 = income greater than ¥20,000,000). The presence and history of seven
diseases (stroke, hypertension, cardiovascular disease, diabetes, bronchitis,
arthritis, and cancer) at Wave | were also totaled and were used as an index
of participants® chronic conditions.

Results
Sample Characteristics

Table 1 presents the sample characteristics by age group. Com-
pared with the middle-aged group, the older group consisted of
more men, x°(1, N = 1,151) = 4,38, p < .05, and had participants
with lower incomes, 1(492) = 15.39, p < .01, The older group also
reported more chronic conditions, H(426) = —9.70, p < .01, than
the middle-aged group. Daily watking steps in the middle-aged
group were significantly greater than in the older group at both
Waves 1 and 2, ts(1149) = 7.08 and 7.98, respectively, ps < .01.
In contrast, the CES-D scores did not differ between the age
groups at either baseline or follow-up,

Longitudinal Analyses

We used a structural equation modeling (SEM) procedure with
a cross-lagged panel design to test the relationships between walk-
ing activity and depressive symptoms. All analyses were con-
ducted using the AMOS 4.0 computer program (Arbuckle &
Wothke, 1999). Figure 1 illustrates the possible relationships be-
tween four study variables: walking steps at Waves 1 and 2 and
depressive symptoms at Waves 1 and 2. Walking steps at Waves
1 and 2 are enclosed in boxes as observed variables. Depressive

Table 1
Descriptive Information for Study Variables by Age Group
Middle-aged Older
(n=837) {n = 314)

Variable M D M SD

Gender (% male) 514 58.3

Income 7.1 21 4.7 24

Chuonic conditions 03 0.6 0.8 0.8

Steps per day (Wave 1) 6,395 2,438 5,281 2,214

Steps per day (Wave 2) 8,436 3,087 6,764 3,375

CES-D (Wave 1) 6.5 6.0 6.7 6.9

CES-D (Wave 2) 7.1 6.3 7.2 6.3

Note. Score ranges of income, chronic conditions, and the CES-~D scores
are 1-11, 0-7, and 0-60, respectively. CES-D = Center for Epidemio-
logical Studies—Depression Scale.
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Cross-lagged regression model (saturated model} for testing longitudinal relations between walking

steps and depressive symptoms. Y is the mean of each CES-D subscale (Y, and Yy: Depressed Affect; Y, and
Y, Positive Affect; Y; and Y,: Somatic and Retarded Activity; and Y, and Y,: Interpersonal). The epsilons and
zetas signify error variables. The 12 direct effects of gender, income, and chronic conditions on walking steps
and depressive symptoms at Waves 1 and 2 are not shown in the figure. CES-D = Center for Epidemiological
Studies—Depression Scale, The letters a and b denote cross-lagged parameters.

symptoms at Waves | and 2 are enclosed in ellipses as latent
variables on which the means of each CES-D subscale (Depressed
Affect, Positive Affect, Somatic and Retarded Activity, and Inter-
personal) loaded as indicators (see Radloff, 1977, for a fuller
description of the factor structure of the scale). We constrained the
indicators to load on the depression construct equally between the
surveys and allowed their error terms to correlate across time.
Other parameters were freely estimated, except two cross-lagged
parameters (Parameters a and b in Figure 1), which were con-
strained in some way for model comparisons, as described below.
The direct effects from exogenous variables (gender, income, and
chronic conditions) on the walking steps and depressive symptoms
at Waves ! and 2 were also freely estimated in ail analyses (arrows
not shown in the figure).

To determine the most likely direction and time frame of the
relationship between walking steps and depressive symptoms, we
first developed the non-age-specific model for an overall sample.
That is, using the data from all participants, we started the SEM
procedure with a saturated model in which the two cross-lagged
effects of walking steps on depressive symptoms and depressive
symptoms on walking steps were both released (i.e., freely esti-
mated). In the next step the following three models were statisti-
cally compared with the saturated medel.

1. The stability model specified that both cross-lagged effects
(Parameters a and b in Figure 1) were constrained to be zero,

2. The depression-to-step mode! specified that the effect of
depressive symptoms on steps (Parameter b} was released, and the
effect of steps on depressive symptoms (Parameter a) was con-
strained to be zero.
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1. The step-to-depression modet specified that the effect of steps
on depressive symptoms was released, and the effect of depressive
symptoms on steps was constrained to be zero,

Table 2 presents the summary statistics. The chi-square
goodness-of-fit lests suggested that all models provided good fits
with the observed data: however, the fitness indices of the step-
to-depression model (goodness-of-fit index [GFI] = 975, adjusted
GFI = .954, comparative fit index = 997, Akaike information
criterion = 136.833) suggested that this model was the most likely
to be equivalent with the saturated mode],

Differences in fit between the models were also examined to
determine which model provided the best representation of the
data. The results indicated that the stability model and the
depression-to-step model provided significantly worse fits than the
saturated model. The step-to-depression model, however, was not
significantly different from the saturated model, and it provided a
significantly better fit than the stability model, ¥*(1, ¥ = 1,151) =
5.87, p < .05. Although the step-to-depression model and the
depression-to-step model are not nested and cannot be directly
compared, the pattern of findings favored the step-to-depression
model,

On the basis of the aforementioned model-testing procedure, we
applied a multigroup analysis to the step-to-depression model to
test whether the effect of walking steps on depressive symptoms is
consistent between the middle-aged and the older groups. This
procedure is similar to the process used to evaluate the overall
predictive model. That s, the saturated model (having no con-
straints of the cross-lagged effect of walking steps at Wave 1 on



