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ABSTRACT

Brain structural atrophy is associated with impairment in learning function and
cognitive function. The purpose of this study was to determine whether daily physical
activity prevents age-related brain atrophy progression.

The subjects were 381 males and 393 females who had participated in both the
baseline and follow-up examinations (mean duration, 8.2 years). Magnetic resonance
imaging of the frontal and temporal lobes was performed at the time of the baseline
and follow-up surveys. The number of steps of the subjects was recorded at baseline
with uniaxial accelerometry sensors. Multiple logistic regression models were fit to
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determine the association between number of steps variables and frontal and temporal

lobe atrophy progression while controlling for possible confounders.

In males, the odds ratio of frontal lobe atrophy progression was increased by
1.480 (95% confidence interval [CI], 1.007-2.175)-fold for every 3,000 decrease in
the number of steps. The odds ratio of frontal lobe atrophy progression for the fifth
quintile compared to the first quintile in the number of steps was 3.651 (95% CI, 1.304-
10.219). There were no significant differences between frontal lobe atrophy progression

and the number of steps in females. There were also no significant differences between

temporal lobe atrophy progression and the number of steps in males and females.

The results indicate that physical activity is significant predictors of frontal lobe

atrophy progression over an 8-year period. Promoting participation in activities may be

beneficial for attenuating age-related frontal lobe atrophy and for preventing dementia.
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Abstract: This study examined the relation between educational level and intellectual
change in Japanese older adults. Participants (age = 65-79 years, n = 593) comprised
the first-wave participants of the National Institute for Longevity Sciences-
Longitudinal Study of Aging (NILS-LSA). They were followed for 10 years and were
tested six times. Educational levels were divided into two groups (low-educated or
high-educated), and intellectual changes for the 10 years were assessed using the
Japanese Wechsler Adult Intelligence Scale-Revised Short Forms (JWAIS-R-SF);
subtests included Information, Similarities, Picture Completion, and Digit Symbol.
General linear mixed-model analyses revealed that education had not affected 10-year
changes of the Information, Similarities, and Picture Completion subtest scores. In
contrast, education was significantly associated with a change in the Digit Symbol
subtest score; individuals with higher levels of education showed greater decline than
those with less education, although they had higher ability at every time point. These
findings suggest that higher education does not protect against intellectual decline in
late life, although it is associated with long-term individual differences in intelligence.

Key words: intelligence, education, older adults, longitudinal study.

Many studies have suggested that early-life
educational level is associated with better intel-
lectual abilities in late life (e.g., Kaufman &
Lichtenberger, 2006; Schaie, 2005; Wechsler,
1981). However, recent articles based on longi-
tudinal data have shown conflicting results with
respect to the relation between educational
level and intellectual changes in old age. Some
longitudinal studies have reported that educa-
tional attainment moderates intellectual
decline in samples of older adults (e.g.,

Alvarado, Zunzunequi, Del Ser, & Beland,
2002; Arbuckle, Maag, Pushkar, & Chaikelson,
1998; Evans, Beckett, Albert, Hebert, Scherr,
Funkenstein, & Taylor, 1993; Farmer, Kittner,
Rae, Bartko, & Regier, 1995; Koster, Penninx,
Bosma, Kempen, Newman, Rubin, Satterfield,
Atkinson, Ayonayon, Rosano, Yaffe, Harris,
Rooks, Van FEijk, & Kritchevsky, 2005; Lee,
Kawachi, Berkman, & Grodstein, 2003,
Lyketsos, Chen, & Anthony, 1999). However,
others disagree with these findings, suggesting
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that higher education does not protect against
intellectual decline (e.g., Seeman, Huang,
Bretsky, Crimmins, Launer, & Guralnik, 2005,
Tucker-Drob, Johnson, & Jones, 2009; Van Dijk,
Van Gerven, Van Boxtel, Van der Elst, & Jolles,
2008; Wilson, Hebert, Scherr, Barnes, Mendes
de Leon, & Evans, 2009; Zahodne, Glymour,
Sparks, Bontempo, Dixon, Macdonald, &
Manly, 2011), or that relations between educa-
tion and intellectual change appear to differ by
intellectual domain (e.g., Alley, Suthers, &
Crimmins, 2007, Anstey & Christensen, 2000,
Anstey, Hofer, & Luszcz, 2003).

From the perspective of the cognitive reserve
hypothesis, it is noteworthy that previous longi-
tudinal studies have reported the mixed results
described above. The hypothesis of cognitive
reserve asserts that older individuals with
greater experiential resources exhibit better
cognitive functioning and are able to tolerate
brain pathology before displaying clinical
symptoms (Scarmeas & Stern, 2004; Stern,
2002). Stern (2002) postulated that high cogni-
tive reserve may allow individuals to cope more
successfully with age-related brain changes, and
that one of the most well-established proxy
measures of cognitive reserve capacity in the
elderly was educational attainment, which is
thought to reflect more effective use of brain
networks or cognitive paradigms.

Two competing cognitive reserve models
could offer insight into the effect of education
on the rate of cognitive change (Stern, 2002;
Van Dijk et al., 2008). First, if high education
was found to slow the rate of cognitive decline,
this finding would support an active cognitive
reserve hypothesis. In this case, individuals with
higher education would be hypothesized to
process tasks more efficiently. Further, because
they make more efficient use of brain networks,
the same amount of organic cognitive damage
would result in a smaller decline in cognitive
function relative to those with less education.
Second and alternately, if educational level
does not relate to the rate of cognitive change,
this would support a passive cognitive reserve
hypothesis. If aging individuals begin to lose
cognitive function from a common cause, such
as normal aging brains, people with higher edu-

cation would change at a rate similar to the
total population, but would continue to
perform at a higher level at any age because of
greater baseline brain reserve. These theories of
active and passive cognitive reserve processes
are often evaluated with respect to the implica-
tions for moderation versus stability (Salthouse,
2003; Tucker-Drob et al., 2009) or differential-
preservation versus preserved-differentiation
(Bielak, Anstey, Christensen, & Windsor, 2012;
Salthouse, 2006).

Inconsistencies in previous longitudinal
studies may be due to some methodological dif-
ferences among the studies. For example,
studies differed in the number of consecutive
assessments, or the measures of intellectual
abilities used.

In terms of the number of assessments,
some studies (e.g, Alvarado etal, 2002;
Arbuckle etal, 1998; Evans etal., 1993
Farmer etal., 1995; Koster et al., 2005; Lee
etal., 2003; Lyketsos etal., 1999) examined
intellectual change by calculating a difference
between only two test occasions and then used
traditional regression analysis or repeated
measures analysis of variance techniques.
However, ideally, to estimate a true change,
intellectual ability should be assessed at mul-
tiple time points rather than using a simple
difference in two test administrations (Alley
etal.,, 2007; Wilson et al., 2009). The use of
three or more assessments of longitudinal
intellectual aging can reduce measurement
error (Winkens, Schouten, Van Breukelen, &
Berger, 2006) as well as avoid the regression
toward the mean phenomenon (Dufouil,
Fuhrer, Dartigues, & Alpérovitch, 1996;
Zahodne et al., 2011). Moreover, the use of
three or more assessments makes possible
the use of more sophisticated analytic tech-
niques, such as multilevel modeling or general
linear mixed modeling (Laird & Ware, 1982;
Morrell, Brant, & Ferrucci, 2009; Verbeke &
Molenberghs, 1997).

A second methodological difference con-
cerns which domain of intellectual ability was
being measured; it remains possible that educa-
tion may have different effects on the changes
in different intellectual domains. For example,

© Japanese Psychological Association 2013.
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in their review of the literature, Anstey and
Christensen (2000) found that education
appears to be more predictive for crystallized
ability, but less predictive for fluid ability or
processing speed. Similarly, Wilson et al. (2009)
pointed out that their results were based on
overall global cognition, so they could not
establish whether education was related to
decline in some intellectual domains but not
others. Additionally, some studies (e.g., Evans
et al., 1993; Farmer et al., 1995; Lee et al., 2003)
have used mental status measures that assess
the most basic level of cognitive abilities (e.g.,
the Mini Mental State Examination; Folstein,
Folstein, McHugh, Practical, & Patients, 1975).
Such basic level measures may be insensitive to
change among well-educated older adults due
to ceiling effects that prevent detection of
changes within the upper levels of functioning,
resulting in spurious relations between initial
performance and change (Tucker-Drob et al.,
2009). Thus, multiple and more sensitive assess-
ments that reflect greater variability in intellec-
tual functions might better address educational
differences in future research.

The present study

The purpose of the present study was to deter-
mine whether educational level is associated
with the rate of intellectual change in
community-dwelling older Japanese. The
important characteristics of this study included
the following: (a) the participants were fol-
lowed for 10 years, tested six times, and
general linear mixed models were used to
analyze the data; and (b) to measure intelli-
gence in late life, we used neuropsychological
tests to cover the multiple intellectual abilities
of the adults: the Japanese Wechsler Adult
Intelligence Scales-Revised Short Forms
(JWAIS-R-SF; Kobayashi, Fujita, Mackawa, &
Dairoku, 1993). The JWAIS-R-SF includes
four standardized subtests (Information,
Similarities, Picture Completion, and Digit
Symbol). To our knowledge, this may be the
first study that approaches the effect of edu-
cational levels on intellectual changes for
Japanese older adults.

© Japanese Psychological Association 2013.

Methods

Participants

The data for the present study were collected
as a part of the National Institute for Lon-
gevity Sciences-Longitudinal Study of Aging
(NILS-LSA; Shimokata, Ando, & Niino, 2000).
The NILS-LSA is a population-based pro-
spective cohort study of aging and age-
related diseases. The participants were sex- and
age-stratified random samples of Japanese
community-dwelling adults aged from 40 to
79 years at baseline (Wavel: 1997-2000).
This baseline sample consisted of 2267 partici-
pants who were followed up every 2 years
(Wave2:  2000-2002, Wave3: 2002-2004,
Waved: 2004-2006, Wave5: 20062008, Wave6:
2008-2010). Informed consent was obtained
from each participant at the beginning of the
study.

We selected an initial sample of individuals
who were aged 65 years or older at baseline
(n =816). We excluded individuals who: (a)
provided data only at baseline (n=210)
because longitudinal analyses required a
minimum of two valid scores per individual, (b)
had a history of dementia at baseline (n = 1), or
(c) had missing data on all dependent variables
at baseline or on the independent variables
(n =12). Based on these criteria, the data from
593 individuals were included at baseline. Mean
age at baseline was 70.96 years (SD =3.90
years, age range = 65-79 years), with 46.54% of
the sample being women.

Measures

Intelligence. The Wechsler Adult Intelli-
gence Scale (WAIS) is one of the most
popular tools for assessing intelligence
(Wechsler, 1944). In this study, intelligence was
assessed using the JWAIS-R-SF (Kobayashi
et al., 1993). The trained testers (clinical psy-
chologists or psychology graduate students)
administered the test to each participant
one on one. The JWAIS-R-SF consists of
the following four subtests: Information,
Similarities, Picture Completion, and Digit
Symbol.
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1 Information: Participants were asked
general knowledge questions covering
people, places, and events (29 items, possible
range 0-29). This subtest measured the fund
of factual knowledge.

2 Similarities: Participants were asked to tell
what way two things are alike (14 items,
possible range 0-28). This subtest measured
logical abstract reasoning.

3 Picture Completion: Participants were
asked to spot the missing element in a series
of drawings (21 items, possible range 0-21).
This subtest measured the long-term visual
memory and the ability to differentiate
essential from inessential details.

4 Digit Symbol: Participants were asked to
write down the symbol that corresponded to
a given number (as many as they could in
90 s, possible range 0-93). This subtest mea-
sured processing speed and visual-motor
coordination.

Educational  levels. Participants  self-
reported their level of education on a scale with
four options (1 = elementary school or junior
high school, 2 =high school or junior high
school under the former Japanese educational
system, 3 = higher vocational school or junior
college,and 4 = college or graduate college). The
baseline sample reported 47.39% (n=281)
elementary school or junior high school,
35.92% (n=213) high school or junior high
school under the former Japanese educational
system, 10.96% (n=65) higher vocational
school or junior college graduates, and 5.73%
(n =34) college or graduate college graduates.
Given this distribution, we divided educational
levels into two groups: the low-educated group
(level =1) and the high-educated group
(levels = 2-4).

Covariates. At baseline assessment, marital
status (0 = unmarried, 1 = married), occupation
(0 =inoccupation, 1=having occupation),
smoking (0 = nonsmoker, 1 = smoker) and past
and present illness (stroke, hypertension, heart
disease, and diabetes: O=mnone, 1=having
past or present illness) were examined using
questionnaires.

Results

Statistical analyses were performed using the
SAS System version 9.1.3. A p-value of <0.05
was considered statistically significant.

Sample characteristics

Table 1 presents the baseline sample character-
istics by level of education. There were no sig-
nificant differences in age, sex, and other
covariates by educational levels. All baseline
intelligence scores in the high-educated group
were significantly greater than in the low-
educated group (all ps <.001).

In addition, compared with the excluded
group (n =210), which provided data only at
baseline, this study sample showed higher
scores on all intelligence measures (Informa-
tion, 10.30 vs. 13.13,£(793) = 6.47, p < .001; Simi-
larities, 8.73 vs. 11.17, #(792) =5.41, p <.001;
Picture Completion, 7.40 vs. 9.74, 1(794) = 7.87,
p<.001; Digit Symbol, 34.17 vs. 39.62,
#(792) = 6.49, p <.001). However, there were no
significant differences between the level of edu-
cation, x*(3) = 4.24, ns.

Participation in follow up

There was an average of 4.18 repeated mea-
surements per participant (range 2-6). The
mean duration of follow up from baseline to
final assessment for each participant was 6.80
years (range 1.92-11.21 years). Information
about follow-up participation is summarized in
Table 2. The participation rates in Wave3
and Wave6 in the high-educated group were
significantly higher than in the low-educated
group (Wave5, y*(1) =4.53, p =.033; Waves,
¥*(1) =5.39, p = .020). However, there were no
significant differences between the level of edu-
cation and the participation rate in other
follow-up measures (Wave2, y*(1) =.50, ns,
Wave3, x*(1) = .04, ns; Waved, x}(1) = .46, ns).

Educational levels and intellectual change
General linear mixed models were used to
evaluate the effects of the level of education on
the rate of intellectual change over time. We
obtained fixed effects (i.e., average effects for
the group of educational levels) and random

© Japanese Psychological Association 2013.
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Table 1 Descriptive statistics of baseline sample by level of education
Variable High-educated Low-educated iy? test
(n=312) (n=281)
Age at baseline, mean (SD) 70.70 (3.96) 71.26 (3.82) #691) =176 ns
Sex, women, n (%) 138 (44.23) 138 (48.11) YH1) = 1.41 ns
Marital status, married, n (%) 253 (81.09) 216 (76.87) x41) = 1.59 ns
Occupation, having occupation, n (%) 86 (27.56) 79 (28.11) x*1) =0.02 ns
Smoking, smoker, n (%) 57 (18.27) 49 (17.44) ¥4(1) = 0.07 ns
Past and present illness, n (%)
Stroke 17 (5.45) 15 (5.34) ¥A1) = 0.00 ns
Hypertension 130 (41.67) 101 (35.94) x21) = 2.04 ns
Heart disease 66 (21.15) 47 (16.73) xX1) =1.88 ns
Diabetes 36 (11.54) 34{12.10) ¥*(1) = 0.04 ns
Intelligence at baseline, mean (SD)
Information 15.32 (5.66) 10.70 (4.21) #591) = 11.17 ok
Similarities 13.36 (6.27) 8.73 (4.70) #5690) = 11.23 ok
Picture Completion 10.51 (3.41) 8.88 (3.73) 591) = 5.57 e
Digit Symbol 44.09 (10.16) 34.61 (8.32) #(589) = 12.32 ok

Note. The final sample consisted of 593 participants who had at least two visits. Data were missing as follows:

Similarities, n = 1; Digit Symbol, n = 2.
=xkpn < 001, ns = not significant.

Table 2 Follow-up participation information

Participants, n
(high-educated/low-educated)

Follow-up years from
baseline, mean (SD)

Baseline 593 (312/281)
Wave2 566 (296/270)
Wave3d 443 (232/211)
Wave4 363 (195/168)
Waveb 289 (165/124)
Waveb 223 (131/92)

0.00
2.05(0.11)
4.08(0.18)
6.20 (0.25)
8.28 (0.28)
10.27 (0.28)

Note. The final sample consisted of 593 participants who had at least

two visits.

effects (i.e., individual deviation from the fixed
effects) to model individual intellectual change.
That is, intellectual change was assumed to
follow the mean path of the group, except for
person-specific random effects that cause the
initial individual level of functioning to be
higher or lower and the rate of change to be
faster or slower. In addition, general linear
mixed models can handle missing data more
appropriately than traditional models (e.g.,
general linear models), so they can use all avail-
able data during follow up. Moreover, the cor-
relation between the repeated measures is
properly accounted for through the variance-
covariance structure of the random effects. A

© Japanese Psychological Association 2013.

general linear mixed model was chosen for the
analysis of intellectual change in some recent
studies (e.g., Alfaro-Acha, Snih, Raji, Kuo,
Markides, & Ottenbacher, 2006; Crane, Gruhl,
Erosheva, Gibbons, McCurry, Rhoads, Nguyen,
Arani, Masaki, & White, 2010; Ganguli, Du,
Dodge, Ratcliff, & Chang, 2006; Nishita, Tange,
Tomida, Ando, & Shimokata, 2012a; Van Dijk
et al., 2008; Wilson, Beckett, Barnes, Schneider,
Bach, Evans, & Bennett, 2002). Further infor-
mation on the application of general linear
mixed models to repeated measures data is
published elsewhere (e.g., Laird & Ware, 1982;
Morrell et al., 2009; Verbeke & Molenberghs,
1997).
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Table 3 Educational levels and 10-year change in intelligence as estimated from linear mixed
effects models

Intelligence scale Model terms Parameter estimate SE pvalue
Information Education 4.44 0.39 whk
Time -0.09 0.03 e
Education x time -0.02 0.04 ns
Similarities Education 4.36 0.38 ok
Time -0.09 0.04 *
Education x time 0.00 0.04 ns
Picture completion Education 1.37 0.26 Rk
Time 0.10 0.03 wE
Education x time -0.04 0.03 ns
Digit symbol Education 8.66 0.71 ok
Time -0.27 0.06 HE
Education x time -0.22 0.07 ok

Note. Higher scores indicate better performance. Possible score for the Information is 0-29; Similarities 0-28;
Picture Completion 0-21; Digit Symbol 0-93. Time = years since baseline; Education = 0 {low level education:
reference) or 1 (high level education). In addition to the terms shown in the table, each model included terms
to control for the fixed effects of age at baseline, sex, marital status, occupation, smoking, each past and
present illness and practice effect were included as covariates, and the random effects of the intercept

{baseline performance) and slope (change over time).

w#kp < 0071,
##p <.01.
*p < .05. ns = not significant.

The model used in the current study included
fixed terms for the Intercept (baseline perfor-
mance for an individual with value zero on all
predictors), Education (0 =low-educated
group, 1 = high-educated group), Time (time
in years since baseline), and an Education X
Time interaction term. Age (at baseline),
sex (0=men, 1=women), marital status
(0 =unmarried, 1=married), occupation
(0 =inoccupation, 1=having occupation),
smoking (0 = nonsmoker, 1 = smoker) and each
past and present illness (0 =none, 1 =having
past or present illness) were included as
covariates. In addition to controlling for prac-
tice effects, we added indicators of prior expo-
sure to the tests. To do this, we followed the
procedure described by Alley et al. (2007) to
account for the effects of repeated test expo-
sures, by assigning the respondents a 0 for base-
line participation and then 1 at each subsequent
administration of tests for intellectual assess-
ment. Moreover, random effects of intercept
(baseline performance) and slope (change over
time) were calculated using an unstructured
covariance matrix. The term of primary interest

for this study was the Education x Time inter-
action, which reflects whether the high- or low-
educational groups differ in the rate of change
in intellectual performance over time. Table 3
shows the general linear mixed models esti-
mates for each intelligence score as a function
of educational levels over a 10-year period.
Figure 1 gives visual representations of intellec-
tual changes as a function of educational levels.

The term for Education was significant for all
subtests (Information, B =4.44, p <.001; Simi-
larities, B = 4.36, p <.001; Picture Completion,
B=137, p<.001;, Digit Symbol, B=28.66,
p <.001). As can be seen in Figure 1, partici-
pants in the high-educated group scored better
compared with those in the low-educated group
on all intellectual abilities. The term for Time
was also significant for all subtests (Informa-
tion, B = —0.09, p = .003; Similarities, § = -0.09,
p = .015; Picture Completion, B =0.10, p <.001;
Digit Symbols, § =-0.27, p <.001). As can be
seen in Figure 1, scores of Information, Simi-
larities, and Digit Symbol subtests showed a
trend for a decline over time as the study pro-
gressed. In contrast, there was a significant

© Japanese Psychological Association 2013.



384

improvement in performance over time on the
Picture Completion subtest.

Of particular importance to the current study
was the test of the Education x Time interac-
tion, which would show whether intellectual
change over time varied with educational
levels. The interaction was not statistically sig-
nificant for the subtests of Information, Simi-
larities, and Picture Completion. However, on

16
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the Digit Symbol subtest score, there was sig-
nificant interaction (B =-0.22, p =.002), indi-
cating that the rate of change of the Digit
Symbol scores was significantly related to edu-
cational level. The direction of this association
indicated that there was greater decline for
individuals in the high-educated group
(slope =049, p<.001) than in the low-
educated group (slope = -0.28, p <.001).

difference of slope 14 r difference of slope
t(1284)=0.44 ns t(1282)=0.02 ns
14
12
g slope=-0.11*%* ~ S slope=-0.09** ~
[ 12 + wn 10 +
) )
5 £
E =-0.09%* &
10 slope=-0.09 L slope=-0.09**
8 R E Ommeee
- T .l o L7 s O
8 6 F
6 4
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14 44 .
difference of slope 1 | ;I(lf;rzy_c; ij;slgpe
° t(1281)=1.11ns e
= 12 F 40 |
]
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c o 38 r
=) =0. * % 9
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Figure 1 Model-predicted 10-year change in intelligence by education levels. (a) The solid lines are esti-

mated for individuals with a high education level; the dashed lines are estimates for individuals with a low
education level. (b) Higher scores indicate better performance. Possible score for the Information is 0-29;
Similarities 0-28; Picture Completion 0-21; Digit Symbol 0-93. (c) All models controlled for age at baseline,
sex, marital status, occupation, smoking, each past and present iliness and practice effect. (d} ***p < .001,

#*p < .01, *p < .05, ns = not significant.
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Discussion

Summary and discussion of findings

The purpose of this study was to determine
whether educational attainment was associated
with the rate of intellectual change among a
community sample of Japanese 65 years of age
and over. The participants were followed for
approximately 10 years and tested a maximum
six times (at baseline and 2,4, 6, 8, and 10 years
after baseline).

As expected, level of education had a large
cross-sectional effect on all intellectual perfor-
mances. Some insist that education may
improve brain function. That is, because
enriched environments result in a greater
number of synapses, individuals with higher
education may enter old age with a greater syn-
aptic density (Jacobs, Schall, & Scheibel, 1993).
Additionally, education early in life is related to
adult occupation or lifestyle, so higher educa-
tion may result in greater intellectual activities
in occupations or leisure pursuits throughout
life (Kramer, Bherer, Colcombe, Dong, &
Greenough, 2004). Thus, educational attain-
ment early in life might have direct or indirect
association with intellectual functions later in
life.

In contrast, the relation between education
and intellectual change differed by intellectual
domain. However, on the whole, there was no
statistically significant protective effect of
higher education on changes in intellectual
abilities over time, although education was
associated with long-term individual differ-
ences in intelligence. Therefore, the active cog-
nitive reserve hypothesis was not supported by
the results of this study.

Information, similarities, and picture
completion subtests. The Education x Time
interaction was not statistically significant for
the Information, Similarities, and Picture
Completion subtests, suggesting that there were
no effects of educational attainment on intellec-
tual change over time. These findings are con-
sistent with some recent studies that have
observed no effects of education on intellectual
change with aging (e.g., Seeman et al., 2005;

Tucker-Drob et al., 2009; Van Dijk et al., 2008,
Wilson et al., 2009; Zahodne et al., 2011). Thus,
these results support a passive cognitive reserve
hypothesis, in which individuals with higher
educational attainment continue to perform at
a high level compared with similarly aged indi-
viduals with less education, but change at a
similar rate (Stern, 2002; Van Dijk et al., 2008).

Regardless of the educational level, the
Information and Similarities subtest scores dis-
played a slightly declining trend with the prog-
ress of the study. These subtest scores consist of
the verbal scales of the WAIS-R-SF, assessing
the fund of factual knowledge and logical
abstract reasoning that are reflective of crystal-
lized intelligence (Cattell & Horn, 1978;
Kaufman & Lichtenberger, 2006). Crystallized
intelligence is strongly influenced by culture
and experience, and is considered to remain
relatively intact through adulthood. Longitudi-
nal data from a previous study suggest that
there is an increase in crystallized intelligence
(measured using the “verbal meaning” test)
until the age of 60 years, with little decline
thereafter (Schaie & Willis, 2002). Our study
sample with a baseline age of greater than 65
years was likely to show a similar intellectual
decline over a 10-year period. However, the
influence of education on this aging-associated
change was not observed.

In contrast, the Picture Completion subtest is
a performance scale in the WAIS-R-SF that
measures fluid intelligence, which is more
reflective of aging (Cattell & Horn, 1978).
However, contrary to our expectations, trajec-
tories of individual change showed improve-
ments that were reflected in the Picture
Completion test score, after adjusting for prac-
tice effects. The Picture Completion subtest
consists of a basically simple task of finding
missing parts of familiar pictures with a simple
motor, or vocal output (pointing, or one-word
responses). Therefore, it has been suggested
that the Picture Completion subtest might be
resilient to the impact of brain damage
(Kaufman & Lichtenberger, 2006), and to hold
up with age better than most other perfor-
mance tests (Wechsler, 1944). In addition,
habituation to the test situation or attrition
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might be important factors in the increased
Picture Completion test score. It is suggested
that the design of future studies should take
these factors that may confound the results of
longitudinal studies into consideration.

Digit symbol subtest. The digit symbol
subtest measures processing speed, which is
considered to be highly reflective of aging
(Kaufman & Lichtenberger, 2006; Wechsler,
1944). Therefore, it is noteworthy that educa-
tion in early life, which is a marker of cognitive
reserve, contributed to the 10-year persistence
of earlier differences in the Digit Symbol score,
even after 65 years of age. Moreover, the Edu-
cation x Time interaction was statistically sig-
nificant for the Digit Symbol subtest.
Surprisingly, individuals with higher levels of
education actually experienced a greater
decline in the Digit Symbol subset scores than
those with less education, although they had a
higher ability at every point in time.

There are two possible explanations for this
finding. First, it is possible that highly educated
adults might make the most of their high
quality crystallized ability to supplement the
declining fluid ability, or processing speed
(Alley et al., 2007). As a result, when highly
educated adults get to be aged 65 years or
older, they eventually begin to lose their crys-
tallized abilities (for example, measured by the
Information and Similarities subtest) to draw
on educational attainment, and as a result expe-
rience a faster rate of decline in processing
speed than those with lower education. This
phenomenon could be explained in terms of the
compensation hypothesis, in which intact
domains compensate for declines in other cog-
nitive abilities until they, too, begin to deterio-
rate, leading the way for more rapid decline
(Alley et al., 2007, Reuter-Lorenz & Mikels,
2006; Zahodne et al., 2011).

Second, it may be possible that the low-
educated group showed a greater rate of
decline in intellectual performance before age
65 years, prior to baseline. That is, for low-
educated older adults, the rate of decline in
processing speed could have been greater
earlier in life, but slower after age 65 years. In
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contrast, it is possible that the high-educated
group had very small or little decline in process-
ing speed earlier in life (before age 65 years),
but that their greatest rate of decline was
observable after baseline. Thus, our findings
may reflect a difference in the “onset of degen-
eration” (Alley et al., 2007) in processing speed
between higher- and lower-educated older
adults.

Some studies have reported that educa-
tion was not related to the rate of change
in processing speed (Christensen, Hofer,
Mackinnon, Korten, Jorm, & Henderson, 2001;
Tucker-Drob et al., 2009; Van Dijk et al., 2008).
However, these previous studies had shorter
durations (5-7-year periods) than our investi-
gation (10-year period), or were restricted to
the range of educational level in the samples
(not enough low-education or high-education
participants were included). Considering the
better methods used in the present study, our
results may reflect a true null finding of educa-
tion on the change in processing speed;
however, further studies on the matter are
still needed. In order to confirm the
abovementioned explanations, longer study
observation periods (including age groups
younger than 65 years) and the analyses of
inflection points or nonlinear trajectories in
processing speed will be required in future
research.

Limitations and future directions

Our study has some important limitations. First,
it should be noted that this study included par-
ticipants who were, on the whole, at higher
baseline levels of intellectual functioning.
Therefore, our findings may only be relevant to
healthier aging patterns among community-
residing older adults. Second, the statistical
models used in this study did not include
several factors that may influence intelligence,
such as the visual and auditory senses, or motor
functions. Third, it remains possible that cogni-
tive reserve mechanisms may act differently in
intellectual domains outside of this study (e.g.,
episodic memory and working memory). There-
fore, we must limit our conclusion to the levels
and rates of change in intelligence, as measured
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using the JTWAIS-R-SF (Information, Similari-
ties, Picture Completion, and Digit Symbol).
Fourth, the measure of educational attainment
in this study assumes an equivalence of educa-
tional quality across persons and - time.
However, this is unlikely to be true. Other mea-
sures, such as literacy or acquired knowledge,
may better address the quality of education as
the marker of cognitive reserve. In addition, we
assessed the level of educational attainment by
using a categorical scale with only four options.
However, it is likely that individuals with very
low education (fewer than 6 years) may expe-
rience the greatest intellectual declines in late
life (Lyketsos et al., 1999). Further studies are
required to measure educational experience,
defined as the number of years of schooling, in
order to examine the possibility of steeper
decline among older adults with very low edu-
cational attainment.

Additionally, differences in adult lifestyle
may increase cognitive reserve by making the
individual more resilient (Scarmeas, Zarahn,
Anderson, Habeck, Hilton, Flynn, Marder,
Bell, Sackeim, Van Heertum, Moeller, & Stern,
2003). So the relation between education in
early life and intellectual change in late life may
be mediated by participation in leisure activi-
ties or an occupation throughout adulthood.
Moreover, there are several psychological
factors that may modulate or mediate the rela-
tion between education and intelligence. For
example, Nishita, Tange, Tomida, Ando, and
Shimokata (2012b) suggest that the personality
trait of openness to experience, highly corre-
lated with education, influences intellectual
change in later adulthood. Van Dijk etal
(2008) asserts that physical or mental health
factors have important effects on intellectual
change in late life, and that even higher edu-
cated individuals, who may initially have a
benefit of greater cognitive reserve, are not pro-
tected against the effects of intellectual aging
once they acquire certain physical or mental
disease. An understanding of the precise nature
and mechanisms of the relation between edu-
cation in early life and intellectual change in
late life invite further studies, including lifestyle
and personal traits.
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