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In addition, our study has several sirengths. First, as
mentioned above, the large number of the integrated sub-
jects included in the LOCOMO study is the biggest strength
of this study. Moreover, we collected data from nine cohorts
across Japan. By using the data of the LOCOMO study, we
could compare the regional differences of specific clinical
symptoms such as knee pain or lumbar pain, or pariicular
diseases, such as KOA, LS, or OP, as well as its prognosis,
such as the incidence of disability or mortality. In particular,
we identified regional differences in the prevalences of knee
pain and lumbar pain. In addition, we collected a substantial
amount of information, via an interviewer-administered
questionnaire, dietary assessment, anthropometric mea-
surements, neuromuscular function assessment, biochemi-
cal measurements, medical history recording, radiographic
assessment, and BMD measurement., However, all items
were not recorded in all cohorts and the regional selection
bias in each examination should be considered when
interpreting the results.

In summary, by using the data of the LOCOMO study,
we clarified the prevalence of knee pain and lumbar pain,
their coexistence, and their associated factors,
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Abstract The association of knee extensor muscle
strength with bone mineral density (BMD) has been
reported in cross-sectional epidemiological studies, but it
remains unclear whether or not this is the case with lon-
gitudinal change. Thus, we investigated whether or not the
knee extension strength can predict the incidence of oste-
openia or osteoporosis after 6 years. then compared the
difference between sexes. Subjects were 1255 community-
dwelling Japanese men and menopaused women, aged
40-81 years. BMD of lumbar spine and femoral neck was
assessed by dual-energy X-ray absorptiometry twice at
6-year intervals. Subjects were divided into three groups.
normal. osteopenia. and osteoporosis. depending on their
young adult mean BMD 9% value. In the cross-sectional
analysis the correlations between the knee extension
strength and BMD of the two regions were examined. using
Pearson’s correlation coefficient. Longitudinal analyses
were then conducted to determine the odds ratio. controlled
for age and BMIL. given-that those who were normal in the
initial stage developed osteopenia or osteoporosis after
6 years, for every | SD decrease in knee extension
strength. as well us those who first had normal or
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osteopenia and then developed osteoporosis. Cross-sec-
tional analysis showed a statistically significant relation
between knee extensor muscle strength und BMD at both
the lumbar spine (p = 0.02) and the femoral neck
(p < 0.0001) only i men. The longitudinal analysis
showed the significant effect of muscle strength on the foss
of temoral neck BMD from normial 1o osteopenia or oste-
oporosis both in men (OR 1.84, 95 % Cl 1.36-2.48.
2 < 0.0001) and in women (OR 1.29, 95 ¢ CI 1.002-1.65.
p < 0.05), as well as on the loss of spinal BMD from
normal or osteopenia to osteoporosis only in men (OR
2.97.95 % CI 1.07-8.23, p < 0.03). The results suggest the
importance of knee extension strength to maintain the bone
health of the proximal femur and spine in aging particularly
in men.

Keywords Longitudinal epidemiological siudy -
Knee extensor strength - Bone mineral density -
Femoral neck - Lumbar spine

Introduction

Bone mineral density (BMD) is the greatest determinant of
bone strength {1}, so the loss of bone mass leads to the
increased risk of fracture at thai site. Several factors are
known to affect the BMD or future bone loss. such as body
weight |2, 3], age [2]. nutrition [4), smoking {5. 6], phys-
ical exercise |7-11]. physical training |12] or physical
activity [6. 13. 14] and body compasition like muscle mass
[14-20]. Muscle strength is also known to associate with
BMD [2.6. 12, 13, 18. 19, 21-29]. Their association seems
o be site-specific [26. 27] as well as systemic [13].
However. not many epidemiological studies have been
carried out on a large scale regarding the influence of leg
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strength on the longitudinal BMD changes: particularly
those investigating the gender difference are rare. The
purpose of our study is to clarily whether or not the knee
extension strength can predict the incidence of osteopenia
or osteoporosis alter 6 years in the two regions of lumbar
spine and femoral neck, and to compare the dilference in
sexes. utilizing a large cohort of local inhabitants.

Materials and methods
Subjects

The subjects were selected among people who participated
in both the 2nd and 5th waves of the National Institute for
Longevity Sciences Longitudinal Study of Aging (NILS-
LSA). Details of the NILS-LSA are described elsewhere
[30}, but a brief description follows. This buunnual exam-
ination to check the physical and mental condition so as to
clarify the aging mechanism of ordinary Japanese people is
conducted by the National Center for Geriatrics and Ger-
ontology (NCGQ). located in central Japan. The NILS is a
research section of NCGG. The participants are chosen
randomly among residents of Obu City and Higashiura-
cho. in Aichi Prefecture in Japan.

For this study. data were analyzed from 763 men
(57.3 £ 10.2. mean &= SD) and 476 women (62.0 =+ 8.3.
mean £ SD). In order to avoid the effect of menopause, we
excluded the premenopausal women in the 2nd stage. Their
age ranged {rom 40 to 81 (from 40 to 81 for men, and 41 to
80 years for women) at initial time (2nd wave). The 2nd
and 5th waves were from April 2000 to May 2002, and July
2006 1o July 2008. respectively. so the interval between the
2nd and Sth waves was 6 years. The number of participants
who had a BMD examination in the 2nd wave were 1101
men and 732 women. So the response rates were 69.3 %
(763 out of 1101) in men, and 63.0 % (476 out of 732) in
women.

The reasons for non-response were various; such as
moving out, health related problems. becoming the resi-
dents in the nursing homes. death. clc.

Measurements of bone mineral density

Bone mineral densities were measured using Hologic
QDR4500. both at the initial time and after 6 years. Mean
follow-up interval was 6.24 years £ 0.33, Data on the
tumbar spine (L2—4) and the right side of the femoral neck
were used for the analysis. For the state of bone density in
terms of osleoporotic conditions, we adopted the classifi-
cation widely used in Japan, as recommended by the Jap-
anese Society for Bone and Mineral Research. Those who
had equal or more than 80 % young adult mean (the YAM
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value of BMD). between 20 and 40-year-old. were classi-
fied as "normal.” those who had equal or more than 70 and
less than 80 % YAM as “osteopenia.” and those with less
than 70 % YAM as “osteoporosis.” In the 2nd wave,
numbers of subjects classified as normal. osteopenia and
osteoporosis in lumbar spine were 633, 98. and 30,
respeetively, in men and 280, 134, and 78, respectively, in
wonien, while in the 5th wave those classified as normal.
osteopenia  and  osteoporosis  in  lumbar spine  were
591, 121, and 51 in men. and 226. 176, and 90 in women.
respectively. As for the femoral neck lesion. numbers of
subjects classified as normal. osteopenia and osteoporosis
in the 2nd wave were 680. 69, and 14. respectively. in men,
and 352, 106, and 34, respectively. in women. while in the
Sth wave those classified as normal. osteopenia and oste-
oporosis were 591, 121, and 51 in men. and 226, 176, and
90 in women, respectively.

Measurements ol knee extension strength

Isometric knee cxtension stwength was measured in the
upright sitting position with knee and hip flexed 90°, as is
often adopted in the usual epidemiological studies [31]. For
more accuracy than by o handheld-dynamometer. we used
a measurement device (Fig. 1) built by Takei Kiki Co..
Niigata. Japan. This company has the responsibility for the
verification and mainienance of this device every year.
Measurements of knee extension strength were repeated
three times, and the maximam values were used. Values
measured for the right knee at the initial time wave were
used for the analysis.

Fig. 1 Isometric knee extension strength was measwed in the
upright sitting position with knee and hip flexed 90°. using the fixed
machine
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Statistical analysis

All analyses were conducted using SAS Ver. 9.13 (SAS
Institute, Cary, NC, USA). Unpaired Student ¢ tests were
used to compare characteristics between men and women,
and also for the knee extension strength of those who had
BMD examinations both at the 2nd and 5th wave and thase
who did so only at the 2nd. Paired 1 tests were used to
compare the BMDs of the subjects at the 2nd and 5th wave.

In the cross-sectional analysis, the correlation between
the knee extension strength and BMD at the lumbar spine
and femoral neck were tested using Pearson’s correlation
coefficient controlled for age, square of age, and BML Men
and women were calculated separately. Trend analysis was
made for the change in knee extension strength, according
to the age stratum, using a general linear model. As for the
longitudinal analysis, multiple logistic regression analyses
were conducted. We defined the statistical risk of those
who had normal BMD in the initial time (greater than or
equal to YMA 80 %) and would become osteopenic or
osteoporotic BMD (less than 80 %) after 6 years as the
“osteopenia risk.” Also, we defined the statistical risk of
those who had normal or osteopenic BMD (greater than or
equal to YMA 70 %) in the initial time and would develop
osteoporosis (BMD less than 70 %) after 6 years as the
“osteoporosis risk.” “Osteopenia risk and osteoporosis
risk” were determined by calculating the odds ratio as a 1
SD decrease in the knee extension strength. Each analysis
was conducted conirolled for age and BMI.

Results
Characteristics of the subjects were shown in Table 1

Cross—sectional examination; the correlations between
knee extension strength and bone mineral densities in the
initial time.

Significant correlations between knee extension strength
and bone mineral densities were found in men at both
lumbar spine and femoral neck, and the adjusted Pearson’s
correlation coefficients were 0.08 and 0.16, respectively
(Table 2). Correlation was rather weak at the lumbar spine.
On the other hand, in women the correlation between knee
extension strength and bone mineral densities was not
significant either in the lumbar spine or in the femoral neck
(Table 2).

Longitudinal examination; the associations between the
knee extension strength in the initial time and the BMDs
afier 6 years.

Among 632 men in the group with normal lumbar spine
in the initial time, 34 evidenced osteopenia and no men
became osteoporotic in 6 years. Among 98 men of the
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Table 1 Characteristics of subjects

Men Women p
{n = 763) (n = 476)
Age (years) 573+ 102 62083  <0.0001
Height (cm) 1660 £60 1516%£56 <0000
Weight (kg) 63.6 & 8.8 522175 <0000l
BMI (kg/m?) 230 £27 22730 0.0192
Knee extension strength  43.0 £ 16.7 259483  <0.000!
BMD at initial time
Lumbar spine (L2-4) 0.984 & 0.151 0.844 & 0,143 <0.0001
(gfem?)
Femoral neck (g/em®)  0.767 % 0.108 0.667 = 0.101  <0.0001
BMD after 6 years
Lumbar spine (L2-4) 0994 & 0.170 0817 £ 0.138 <0.0001
(glem®)
Femoral neck (g/cm?) 0.726 £ 0.111 0611 +0.100 <0.000!

Values are mean £ SD
* p < 0.0001

Table 2 Correlation analyses using Pearson’s cotrelation coefficient
of knee extensor strength and BMD

(95 % CI) P

Cosfficient

At lumbar spine

Men 0.081 0011 10 0.152) 0.024

Women 6.015 (—0.075 10 0.105) 0.739
At femoral neck

Men 0.157 (0.087 10 0.226) <0.6001

Wormen 0.022 (—0.068 t0 0.112) 0.630

Correlation analyses were made between the knee extensor strength
and bone mineral density using Pearson’s correlation coefficient
controlled for age, square of age, and BMI

osteopenic group in the initial time, 7 became osteoporotic
in 6 years. In the meantime, 48 out of 280 women in the
group with normal lumbar spine initially became osteope-
nic, and 4 women became osteoporotic in 6 years, while 38
out of 134 in the osteopenic group became osteoporatic. As
for femoral neck BMD, among 680 men of the normal
group in the initial time, 83 showed osteopenia and 7 men
became osteoporotic in 6 years. Among 69 in the oste-
openic group initially, 30 became osteoporotic in 6 years.
In the meantime 116 out of 352 women in the normal group
became osteoporotic, and 14 women became osteoporotic
in 6 years, while 44 out of 106 in the osteopenic group
became osteoporotic.

As for the association between the knee extension
strength in the initial time and the BMD at the lumbar spine
after 6 years, only the “osteoporosis risk” in men was
significant (Table 3), its odds ratio being 2.97 (95 % CI
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Table 3 Association of knee extension strength and BMD change at
the lumbar spine

OR (95 % Ch) p
Osteopenia risk
Men (n = 633) ) 1.32 (0.86-2.02) 0.21
Wemen (n = 265) 0.78 (0.56-1.09) 0.143
Osteoporosis risk
Men (n = 731) 297 (1.07-8.23) 0.036
Women (n = 399) 1.08 (0.74-1.55) 0.70

All analyses were conducted controlled for age and BMI
OR odds ratio as 1 strength decreases (SD)

Table 4 Association of knee extension strength and BMD change at
the femoral neck

OR 95 % CI) P
Osteopenia risk
Men (n = 631) 1.84 (1.36-2.48) <0.0001
Women (n = 336) 1.29 (1.002-1.65) 0.048
Osteoporosis risk
Men (2 = 750) 1.50 0.93-2.42) 0.09
Women (n = 442) 1.25 (0.91-1.72) 0.18

All analyses were conducted controlled for age and BMI
OR odds ratio as 1 strength decreases (SD)

1.07-8.23). As for the BMD of the femoral neck, however,
a significant effect of knee extension strength was observed
in the “osteopenia risk” in both men and women. Their
odds ratios were 1.84 (95 % CI 1.36-2.48), and 1.29 (95 %
CI 1.002-1.65), respectively. On the other hand there was
no significant difference in the “osteoporosis risk” of the
femoral neck in both men and women (Table 4).

Discussion

Utilizing a large cohort of local inhabitants, we examined
the effects of knee extensor muscle strength on the bone
mineral densities in the longitudinal changes, as well as in
the cross-sectional studies. In the cross-sectional studies,
significant correlations were found in men at both lumbar
spine and femoral neck, but not in women. Although we
excluded pre-menopausal women in order to avoid the
menopausal effect on bone mineral densitics, women’s
bone may be more influenced by something other than the
muscle force compared to men; for example, by estrogen
decline [32], and also much weaker knee extensor strength
in women than in men [33]. Thus, there may not be enough
effect on the bone.

We have also examined the effect of knee extension
strength on the longitudinal bone loss of the lumbar spine

530

and fernoral neck, checking between normal and osteope-
nia, as well as between osteopenia and osteoporosis. At the
femoral neck, the decrease in knee extension strength had a
significant effect on whether osteopenia developed or not;
however, it failed to show an effect on whether or not it
became osteoporosis. This was the case with both sexes.
From these results, exercise for strengthening the legs
seemed to be good not only for locomotive ability or pre-
vention from falls but also for protecting against bone loss
at the proximal femur in the future, particularly when bone
was in healthy condition. Quadriceps femoris are the only
knee extensor muscle and they originate from both above
and below the hip joint. Thus, during knee extension
behavior force should be applied to the proximal part of the
femur, making it stronger. In the advanced stage of bone
loss, however, this effect may not be strong enough.

In the meantime, as for the lumbar spine, the decrease in
knee extension strength had a significant effect on whether
osteoporosis developed only in men, but not in women.
Since this is not site-specific, it may reflect physical
activity and the systemic effect on the bone metabolism.
The decline of muscle strength in men was more prominent
in aging than in women [33], and might affect physical
activity more.

As for the relation of muscle strength on longitudinal
BMD change, Iki and colleagues [26] demonstrated a site-
specific relation of the back in women; trunk muscle
sirength was related with BMD loss in the lumbar spine
during a 4-year period. Since they did not investigate BMD
in the hip lesion, they had no results about the site-specific
association of muscle strength and bone loss in the lower
extremities. In that study, they failed to demonstrate any
relation between lumbar BMD and knee extensors, and
flexors as well in women, which is consistent with our
resulis at 6 years.

In a study over longer time intervals, Sirola et al. [28]
investigated the loss of BMD in the lumbar spine and
femoral neck BMD over 10 years., Although the study
showed a good relation with grip strength change at both
sites, the knee extensor or trunk muscles were not exam-
ined, so no mention was made in the site-specific
connection.

There are some limitations in this study. First, our
response rates were 69.3 % (763 out of 1101) in men, and
65.0 % (476 out of 732) in women. Thus, there may be
some difference between the responder (who participated
in both the 2nd and 5th wave) and non-responder (who
participated omly in the 2nd wave). Actually nom
responders were about 7-year-older than responders.
Moreover, knee extension strength was also stronger in the
responder, but when we controlied with sex and age, the
difference was minimum {only 0.3 kg). Another limitation
is that we excluded premenopausal women in order to
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climinate the effect of estrogen on bone, which made for a
significant age difference between sexes. Our study
focused on the relation between knee extensor muscle
strength and longitudinal bone loss. However, some factors
may influence BMD, like nuirition [4], physical activity [6,
13, 14] or exercise status [7-10]. These might be con-
founding factors, which should be the next target for
investigation.

The strong point of our study is that our samples were
randomly selected from people in the local community
with very little bias in the selection process. NILS-LSA is
one of the few major epidemiological studies for investi-
gating the aging mechanism that is designed to select the
subject in a completely random manner, so as to avoid bias
when conducting epidemiologic study in many ways.

In sammary, we investigated whether or not knee
extension strength can predict the incidence of osteopenia

or osteoporosis after 6 years, utilizing a large-scale cohort.

of subjects randomly selected from the local community.
We showed the clear effect of muscle strength on BMD
loss in the early stage in the femoral neck both in men and
women, but not in the lumbar spine. The effect proved to
differ by gender; it affected men in the late stage of bone
loss in lumbar spine, but not in women. This suggests the
importance of knee extension strength to maintain the bone
health of the proximal femur and lumbar spine in aging
particularly in men.
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Abstract

BACKGROUND: If cognitive decline can be prevented through
changes in daily diet with no medical intervention, it will be
highly significant for dementia prevention.

OBJECTIVES: This longitudinal study examined the
associations of different food intakes on cognitive decline
among Japanese subjects.

DESIGN: Prospective cohort study.

SETTING: The National Institute for Longevity Sciences -
Longitudinal Study of Aging, a community-based study.
PARTICIPANTS: Participants included 298 males and 272
females aged 60 to 81 years at baseline who participated in the
follow-up study (third to seventh wave) at least one time.
MEASUREMENTS: Cognitive function was assessed with the
Mini-Mental State Examination (MMSE) in all study waves.
Nutritional intake was assessed using a 3-day dietary record in
the second wave. Cumulative data among participants with an
MMSE >27 in the second wave were analyzed using a
generalized estimating equation. Multivariate adjusted odds
ratios (OR) and 95% confidence intervals (CI) for an MMSE
score <27 in each study wave according to a 1 standard
deviation (SD) increase of each food intake at baseline were
estimated, after adjusting for age, follow-up time, MMSE score
at baseline, education, body mass index, annual household
income, current smoking status, energy intake, and history of
diseases.

RESULTS: In men, after adjusting for age, and follow-up period,
MMSE score at baseline, the adjusted OR for a decline in MMSE
score was 1.20 (95% CI, 1.02-1.42; p=0.032) with a 1-SD increase
in cereal intake. After adjusting for education and other
confounding variables, the OR for a decrease in MMSE score
did not reach statistical significance for this variable. In women,
multivariate adjusted OR for MMSE decline was 1.43 (95% CI,
1.15-1.77; p=0.001) with a 1-SD increase in cereal intake and 0.80
(95% CI, 0.65-0.98; p=0.034) with a 1-SD increase in milk and
dairy product intake.

CONCLUSIONS: This study indicates that a 1-SD (108 g/day)
decrease in cereal intake and a 1-SD (128 g/day) increase in
milk and dairy product intake may have an influence of
cognitive decline in community-dwelling Japanese women aged
60 years and older. Further studies are needed in order to
explore the potential causal relationship.

Key words: Cereal, milk and dairy products, diet, Japanese, elderly.
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Introduction

ementia, including Alzheimer’s disease, is one
of the most serious geriatric diseases because it
interferes with a person’s daily routines and
social life. With the aging of the population, there is a
growing concern that the number of dementia cases will
increase in Japan (1). However, because there are no
treatment strategies for dementia to date, there is a
pressing need to establish prevention strategies. Many
factors such as medical history, lifestyle habits, and
psychological and genetic factors are thought to be
associated with the onset of dementia (2). Concurrently,
reports that indicate a possible link between dietary
factors and cognitive function are beginning to emerge.
Food consumption is vital for human life, and is an
essential factor for health maintenance and health
promotion throughout life. From a public health
perspective, if cognitive decline can be prevented through
changes in daily diet with no medical intervention, it will
be highly significant for dementia prevention.

High intake of vegetables (3), fish (4), and dairy
products (5) are thought to play a protective role against
age-related cognitive decline or Alzheimer’s disease.
However, these reports were based on studies conducted
in Western countries. Japanese cuisine is based on a
combination of staple foods, typically rice or noodles (6),
and Japanese consume higher levels of fish, salt, and soy
products compared with the Western diet, which
includes high intake of meat and dairy products (7). For
example, the main sources of protein among Japanese
subjects in the 2008 National Health and Nutrition Survey
in Japan were fish (22%), meat (18%), and beans (7%) (8).
Thus, it is important to determine whether there is a
specific dietary factor that would help reduce the risk of
cognitive decline among Japanese. Recently, dietary
patterns characterized by a high intake of soybeans,
vegetables, algae, and milk and dairy products and a low
intake of rice were reported to be associated with reduced
risk of dementia during a median of 15 years of follow-up
in the general Japanese population (9). However, that
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study defined dietary patterns based on a food frequency
questionnaire; thus, the effect of each dietary factor and
the amounts eaten on the risk of dementia were not clear.
No other longitudinal studies in Japan have reported the
association between dietary factors and cognitive decline.

The present longitudinal study was carried out in
elderly community-dwelling Japanese subjects to clarify
the effectiveness of different food intakes calculated by
dietary records on cognitive decline.

Methods
Participants

Data for this survey were collected as part of the
National Institute for Longevity Sciences - Longitudinal
Study of Aging (NILS-LSA). In this project, the normal
aging process has been assessed over time using detailed
questionnaires and medical checkups, anthropometric
measurements, physical fitness tests, and nutritional
examinations. Participants in the NILS-LSA included
randomly selected age- and sex-stratified individuals
from the pool of non-institutionalized residents in the
NILS neighborhood areas of Obu City and Higashiura
Town in Aichi Prefecture. The first wave of the NILS-LSA
was conducted from November 1997 to April 2000 and
comprised 2,267 participants (1,139 men, 1,128 women;
age range, 40-79 years). Details of the NILS-LSA study
have been reported elsewhere (10). Subjects have been
followed up every 2 years from the first wave, second
wave (April 2000 - May 2002), third wave (May 2002 -
May 2004), fourth wave (June 2004 - July 2006), fifth wave
(Fuly 2006 - July 2008), sixth wave (July 2008 - July 2010),
and seventh wave (July 2010 - July 2012). When
participants could not be followed up (e.g., they
transferred to another area, dropped out for personal
reasons, or died), new age- and sex-matched subjects
were randomly recruited. All waves included nearly
1,200 men and 1,200 women. In this study, we selected
participants who participated in the second wave
(n=2,259; age range, 40-81 years) and also participated in
more than one study wave from the third to seventh
wave, as variables could be followed up at least one time
from the second wave.

Exclusion criteria were as follows: 1) those who were
<60 years in the second wave (n=1,114), because cognitive
function tested by the Mini-Mental State Examination
(MMSE) was assessed only among participants aged 60 or
older; 2) those who had an MMSE score <27 in the second
wave (n=414); 3) those who did not complete nutritional
assessments in the second wave (n=40); and 4) those who
did not complete the self-reported questionnaire (n=30).
In addition, 91 men and women did not participate in
more than one study wave from the third to seventh
wave. Thus, a total of 570 Japanese (298 men, 272 women)
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who were between 60 and 81 years in the second wave of
the NILS-LSA were available for analysis. Each wave was
conducted for 2 years; the total length of the second
through seventh waves was 10 years. However, the mean
interval and participation times between the second and
seventh wave for each participant was 8.1 years and 3.9
times, respectively (Table 1).

The study protocol was approved by the Committee of
Ethics of Human Research of the National Center for
Geriatrics and Gerontology. Written informed consent
was obtained from all subjects.

Assessment of cognitive function

Cognitive function was assessed by the Japanese
version of the MMSE through interviews with a trained
psychologist or clinical psychotherapist through the
second and seventh waves (11, 12). The MMSE is widely
used as a brief screening test for dementia, and scores
range from 0 to 30 points, with a higher score indicating
better cognitive function. The MMSE includes questions
on orientation of time and place, registration, attention
and calculation, recall, language, and visual construction.
A cut-off score of <23 is traditionally used to represent
“suggestive cognitive impairment” (11, 12). Because only
4 to 12 individuals in each study wave had an MMSE <23,
the number of cases was too small to analyze. However,
our sample was relatively highly educated, and 58.4% of
men and 39.3% of women graduated from 2- or 4-year
colleges. A cut-off score <26 (sensitivity, 0.69; specificity,
0.91) or <27 (sensitivity, 0.78; specificity, 0.78) has been
suggested for samples of highly educated individuals
(13). Thus, we used a cut-off score of <27 in the main
analyses. Among participants in this study with an
MMSE >27 in the second wave (n=570), 134 in the third
wave, 133 in the fourth wave, 137 in the fifth wave, 124 in
the sixth wave, and 124 in the seventh wave had an
MMSE score <27 and were classified as showing cognitive
decline.

Nutritional assessments

Nutritional intake was assessed using a 3-day dietary
record after participation in the second wave survey. The
dietary record was completed over 3 continuous days
(both weekdays and 1 weekend day) (14), and most
subjects completed it at home and returned records
within 1 month. Food was weighed separately on a scale
(1-kg kitchen scales; Sekisui Jushi, Tokyo, Japan) before
being cooked or portion sizes were estimated. Subjects
used a disposable camera (27 shots; Fuji Film, Tokyo,
Japan) to take photos of meals before and after eating.
Dietitians used these photos to complete missing data
and telephoned subjects to resolve any discrepancies or
obtain further information when necessary. Averages for
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3-day food and nutrient intakes were calculated
according to the Standard Tables of Foods Composition
in Japan 2010 and other sources (14).

Other measurements

Medical history of heart disease, hypertension,
hyperlipidemia, and diabetes (past and current),
education (<9, 10-12, or 213 years of school), annual
household income (11 point scale, 1; <¥ 1,500,000, 11; = ¥
20,000,000) and smoking status (yes/no) were collected
using self-reported questionnaires. Body mass index
(BMI) was calculated as weight in kilograms divided by
the square of height in meters. These measurements were
assessed in the second wave. Follow-up time (year) was
calculated by the length of time (days) that has elapsed
since the day each subjects participated in the second
wave. '

Statistical analysis

All statistical analyses were conducted using Statistical
Analysis System (SAS) software version 9.3 (SAS
Institute, Cary, NC, USA). Comparisons between baseline
characteristics and food intake of subjects according to
the MMSE score at the follow-up study were performed
by independent t-test (continuous variables) and chi-
square tests (categories), respectively.

Cumulative data were analyzed using a generalized
estimating equation (GEE), which takes into account the
dependency of repeated observations within participants;
this is an important feature that is necessary for
longitudinal analyses. An additional advantage of GEE is
that participants are included regardless of missing
values. Thus, participants who were lost to follow-up
after early wave examination were also included in the

Cereal Intake Increases and Dairy Products Decrease Risk of Cognitive Decline among Elderly Female Japanese

analyses. GEE models were fitted using the GENMOD
procedure of SAS. The GENMOD procedure fits
generalized linear models. The correlation structure was
specified to be compound symmetry.

GEE analyses were performed to estimate the odds
ratio (OR) and 95% confidence interval (CI) for an MMSE
score <27 in each study wave according to a 1-SD increase
of each food intake at baseline, adjusted for the following
variables. The confounding variables were 1) model 1,
age (year, continuous), and follow-up time (year,
continuous); 2) model 2, model 1, and MMSE score at
baseline (continuous); and 3) model 3, model 2, education
(<9, 10-12, =13 years), BMI (kg/m?, annual household
income (11 point scale, continuous), current smoking
status (yes or no), energy intake (kcal/day), and history
of heart disease, hypertension, hyperlipidemia, and
diabetes (yes or no). Probability levels less than 0.05 were
considered significant.

Results

Number of subjects, follow-up time, and period in this
study are shown in Table 1. About 31.3% of men
(356/1137 cases) and 27.8% of women (296/1065 cases)
had an MMSE score <27. Table 2 shows baseline
characteristics and food intake of included subjects and
excluded subjects by sex. Compared with included
subjects, excluded subjects in the analyses had
significantly lower MMSE scores, were less likely to be
educated, and had lower body mass index in women.

Table 3 shows the longitudinal relationships between
baseline food intake and OR (95% Cl) for MMSE scores
<27 10 years later. The cumulative data were analyzed
with GEE. In men, after adjusting for age, follow-up
period, and MMSE score at baseline, the adjusted OR for
a decline in MMSE score was 1.20 (95% CI, 1.02-1.42;

Second wave* 298 100.0
Third wave 288 96.6 77
Fourth wave 254 85.2 60
Fifth wave 225 75.5 77
Sixth wave 197 66.1 70
Seventh wave 173 58.1 72

Cumalative number 1,137 - 356

MeanzSD
Follow-up year 8.0 £3.0
Follow-up participation times 3.8 +0.5

- 272 100.0
26.7 260 95.6 57 21.9
23.6 243 89.3 73 30.0
34.2 219 80.5 60 27.4
35.5 186 68.4 54 29.0
41.6 157 57.7 52 33.1
313 1,065 - 296 27.8

Mean+SD

82 2.8

39 04

* Second wave is the baseline in this study. Abbreviations: MMSE=Mini-Mental State Examination
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Subjects available 'Subjects excluded - p vz  Subjects available
nalyses  Fromtheamalyses® = . = foranalyses

Number of subjects 298 285 2w 290

Age(meant SD, years) 67.745.6 71.145.6 0.915 68.045.3 71.3+5.7 0.235
MMSE score(meant SD) 29.040.8 26.6+1.9 <.0001 29.140.8 26.7+2.2 <.0001
Body mass index (mean:SD, kg/m?) 22.942.7 22.7+3.0 0.085 22.752.9 23.3+3.6 0.0003
Alcohol (mean + SD, ml/day) 13.9418.2 12.3+16.8 0.201 2.3£6.1 1.844.1 <.0001
Household annual income score 5.7+2.6 5.442.7 0.721 5.0£2.8 4.842.8 0.889
(mean + 8D, 1-11 scale)
Education (n, %)
<9 years 84,28.2% 127 , 44.6% <.0001 102, 37.5% 162 ,55.9% <.0001
10-12 years 40,13.4% 48 ,16.8% 63,23.2% 71,24.5%
213 years 174 , 58.4% 110, 38.6% 107, 39.3% 57,19.7%
Smoking status (n, %)
Current 84,282% 88,30.9% 0.477 14,5.1% 3,1.0% 0.005
Former/never 214 ,71.8% 197, 69.1% 258 ,94.9% 285, 98.3%
Clinical history (n, %)
Heart disease 26,8.7% 31,10.% 0.344 24,88% 24,83% 0.876
Stroke 22,74% 28,9.8% 0.281 9,33% 7,24% 0.542
Hypertension 102, 34.2% 112, 39.3% 0.182 99,364% 126, 43.4% 0.071
Hyperlipidemia 47 ,15.8% 36,12.6% 0.310 78 ,28.7% 85,29.3% 0.786
Diabetes 37,12.4% 44, 154% 0.284 14,51% 27 ,9.3% 0.053
Energy (mean + SD, kcal/day) 2266.4+373.5 2157.1+386.7 0.565 1849.5+326.3 1789.3+345.0 0.367
Cereals (mean + SD, g/day) 516.8+145.6 535.4+144.7 0.928 394.4+108.4 405.2+109.6 0.861
Potatoes (mean + SD, g/ day) 51.6+42.4 45.9+37.2 0.032 47.1437.5 46.5136.0 0.510
Beans (mean + 5D, g/day) 78.9454.8 70.6454.3 0.865 70.3446.9 66.2+48.9 0.494
Green yellow vegetables (mean + 5D, 132.2474.4 117.8474.0 0.925 133.8+71.7 115.4472.3 0.890
g/ day)
Non-green yellow vegetables (mean 203.5:87.8 187.6+91.8 0.456 184.9£77.6 177.2477.2 0.931
+ 8D, g/day)
Fruits (mean + 5D, g/day) 173.3%£142.7 145.5+127.9 0.073 178.6+127.0 171.34132.1 0.529
Fish and shellfish (mean = SD, 113.6+55.8 106.0+49.1 0.038 87.3+44.3 82.5+40.0 0.097
g/day)
Meats (mean + SD, g/ day) 60.6+35.6 52.3+34.6 0.648 47.4428.7 46,1429.7 0.598
Eggs (mean + SD, g/ day) 50.2427.2 48.7+30.8 0.037 42.9+23.9 41.5+26.8 0.068
Milk and dairy products (mean + SD, 163.3+134.0 153.6+130.4 0.661 166.3+128.1 158.5+128.5 0.964
g/day)
Sweets (mean + SD, g/day) 33.5+37.4 27.7+33.9 0.105 44.6+39.5 38.6+39.4 0.967

*Subjects excluded from the analyses included those who were older than 60 years or scored <27 in the second wave and those who did not participate in the follow-up
survey or had any missing values. The number of excluded subjects according to the characteristics listed ranged from 249-285 in men and 253-290 in women. P value for
continuous variables, independent t-test was used; for categorical variables, chi-square test or Fisher's exact probability test was used. Abbreviations: MMSE=Mini-
Mental State Examination.
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Cereals

Potatoes

Beans

Green yellow vegetables

Non-green yellow vegetables

Fruits

Fish and shelifish

Meats

Eggs

Milk and dairy products

Sweets

18D keal/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

18D g/day increase

15D g/day increase

18D keal/day increase

Meodel 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2
Model 3
Model 1
Model 2

Model 3

Model 3

374
146

55

74

88

143

56

36

27

134

37

1.09 (0.90-1.31)
118 (1.00-1.40)
1.20 (1.02-1.42)
1.18 (0.97-1.43)
097 (0.82-1.15)
0.95 (0.81-1.11)
0.97 (0.83-1.13)
0.93 (078-1.11)
0.93 (0.78-1.11)
0.96 (0.79-1.15)
0.83 (0.69-0.99)
0.84 (0.69-1.03)
0.86 (0.71-1.05)
0.92 (078 - 1.09)
0.90 (0.77-1.06)
091 (0.77-1.07)
0.96 (0.82-1.13)
0.92 (0.79 - 1.07)
092 (0.78-1.07)
098 (0.82-1.17)
102 (0.86-1.21)
1.00 (0.85-1.19)
0.95 (0.80-1.13)
0.99 (0.83-1.18)
101 (0.84-121)
093 (0.78-1.10)
0.89 (0.75-1.04)
0.8 (0.75 - 1.05)
0.99 (0.85-1.17)
0.95 (0.81-1.11)
0.95 (0.81-1.11)
0.96 (0.81-1.13)
0.94 (0.79-1.10)
0.93 (0.79-1.10)

0.378
0.056
0.032
0.103
0747
0528
0.707
0.429
0.417
0.649
0.041
0.087
0.144
0347
0.202
0.247
0.634
0271
0.265
0.824
0.795
0.956
0.576
0.908
0.931
0.395
0.137
0.151
0.939
0516
0533
0.622
0.428

0.412

36

108

37

47

72

78

127

29

24

128

39

090 (072-112)

1.38 (1.13-1.68)
1.29 (1.05-157)
143 (1.15-177)
1.06 (0.86 - 1.30)
1.09 (0.89-1.34)
111 (0.88- 1.40)
0.80 (0.65-0.98)
0.82 (0.67 - 1.00)
0.84 (0.68-1.03)
0.95 (0.76 - 1.18)
1.00 (0.80 - 1.25)
1.07 (0.84-1.37)
0.86 (0.70-1.06)
0.83 (0.67-1.02)
0.87 (0.70-1.08)
0.98 (0.79-1.22)
1.06 (0.85-1.32)
1.15 (0.90-1.46)
1.06 (0.86 - 1.30)
1.09 (0.89-1.33)
1.18 (0.94-147)
0.88 (0.70-1.09)
0.83 (0.65-1.04)
0.83 (0.66-1.06)
116 (0.93-1.45)
113 (0.89-1.42)
116 (0.93-1.46)
0.78 (0.65-0.92)
0.77 (0.63-0.93)
0.80 (0.65-0.98)
1.00 (0.82-1.22)
0.96 (0.79-1.17)
1.01 (0.81-1.26)

0343
0.002
0.013
0.001
0.611
0.389
0.365
.0.035
0.053
0.094
0.626
0.993
0.563
0.152
0.075
0.206
0.866
0.623
0.266
0.605
0.400
0.149
0.244
0.109
0.138
0.194
0.313
0.195
0.004
0.007
0.034
0.982
0.694

0.934

Model 1: Adjusted for age (Year) and follow-up time (year). Model 2: Adjusted for Model 1 + MMSE score at baseline. Model 3: Adjusted for Model 2 + education (<9, 10-
12, 213 years), body mass index (kg/m?), household annual income (1-11 score), current smoking status (yes or no), energy intake (kcal/day),

disease, hypertension, hyperlipidemia, and diabetes (yes or no).Abbreviations: MMSE=Mini-Mental State Examination.
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p=0.032) with a 1-SD increase in cereal intake. After
adjusting for education and other confounding variables
(model 3), the OR for a decrease in MMSE score did not
reach statistical significance for this variable. On the other
hand, in men, after adjusting for age and follow-up
period, the adjusted OR for a decline in MMSE score was
0.83 (95% ClI, 0.69-0.99; p=0.041) with a 1-SD increase in
green yellow vegetable intake. Though, after adjusting for
education and other confounding variables (model 3), no
significant association of each food intake with MMSE
score decline was observed in men.

In women, multivariate adjusted OR (model 3) for a
decline in MMSE score was 1.43 (95% CI, 1.15-1.77;
p=0.001) with a 1-SD increase in cereal intake and 0.80
(95% CI, 0.65-0.98; p=0.034) with a 1-SD increase in milk
and dairy product intake. The OR for a decrease in
MMSE score in model 3 did not reach statistical
significance for any other food variable.

Discussion

This study provides longitudinal evidence that
increases in cereal intake and decreases in dairy products
reduce the risk of cognitive decline in community-
dwelling Japanese females aged 60 years and older. This
association remained after controlling for baseline MMSE
score and other variables. This is the first study to
examine the association between food intake amounts
calculated by dietary records and cognitive decline
among Japanese subjects.

In Korean older adults, a “white rice only” dietary
pattern was positively associated with the risk of
cognitive impairment as assessed by the Korean version
of the MMSE (15). In the general Japanese population,
dietary patterns characterized by a low intake of rice and
a high intake of soybeans, vegetables, algae, and milk and
dairy products were reported to be associated with
reduced risk of dementia (9). Although the previous
study examined dietary patterns instead of specific food
intake, these findings may support our results. On the
other hand, in a US study, bread and cereal intake were
inversely associated with cognitive impairment (16). No
other Western studies focused on cereal intake and
cognitive impairment. The biological mechanisms
through which higher cereal intake exerts adverse effects
on cognition may be due to their impact on metabolic
abnormalities such as dyslipidemia or hyperglycemia.
Song et al. reported that a high-carbohydrate diet was
associated with dyslipidemia among adults from the
Korea National Health and Nutrition Examination
Survey (17). High-carbohydrate diets are also linked to
hyperglycemia through an increase in blood glucose
levels (18). Metabolic abnormalities, including type 2
diabetes, dyslipidemia, and obesity, are associated with
declines in cognitive performance in non-demented
populations (19). Higher cereal intake could be a risk

factor for cognitive decline through its resulting
metabolic abnormalities.

We conducted 3-day dietary records and were able to
analyze the effect of each cereal intake (rice, bread,
Chinese instant noodles, Japanese wheat noodles (Udon
and Hiyamugi), Japanese buckwheat noodles (Soba), or
Italian noodles, etc.) on the risk of cognitive decline in
sub-analyses. In the multivariate adjusted GEE model,
higher wheat noodle intake (1 SD: 46 g/day increase)
increased the risk of cognitive decline in women (OR,
1.25; p=0.04). Rice intake did not significantly increase the
risk of cognitive decline (OR, 1.18; p=0.14). Therefore, our
study indicates that wheat noodles, but not rice intake,
could be a risk factor for cognitive decline. In Japanese
meals, wheat noodles are eaten less often than rice with
other dishes, and this result might mean that easily
cooked cereal foods could be a risk factor of cognitive
decline.

Milk and dairy products contain nutrients such as
calcium and vitamins A, B2, and B12, as well as high-
quality proteins and fats. Milk and dairy producis or
calcium intake may be a protective factor for metabolic
syndrome among Japanese (20, 21). As for cognitive
function, according to a study based on data from the US
National Health and Nutrition Examination Survey
(NHANES), a significant positive correlation was found
between the intake of dairy products in a group of elderly
individuals (aged =60 years) and cognitive function (5).
Another study of local elderly residents of the state of
Alabama (United States) reported that, of the various
dairy products, the more cheese that was eaten, the lower
the risk for cognitive impairment (16). The above-
mentioned Japanese study also found that elderly
individuals who adhered to a dietary pattern high in
dairy products, legumes, vegetables, and algae had a low
incidence of developing dementia later in life (9). Milk
and dairy products are thought to have favorable effects
on cognition through reducing metabolic risk and
vascular factors linked to detrimental brain changes,
particularly via weight reduction (22). In this study,
females with a 1-SD (128 g/day) increase in milk and
dairy food intake decreased the risk of cognitive decline
by 20%, indicating that a half cup of milk (100 ml) may be
a protective factor against cognitive decline among
Japanese.

Beans and non-green yellow vegetables did not reach
statistical significance, though their intake in women was
negatively associated with cognitive decline.
Neuroprotective effects of phytoesirogen compounds
(found in soy) (23) and anti-oxidant effects (2) in
vegetables could also be a protective factor against
cognitive decline.

To clarify whether cereal or milk and dairy products
are more protective against cognitive decline we adjusted
all food groups in a multivariate adjusted GEE model. As
a result, only cereal intake in women was positively
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agsociated with cognitive decline (OR, 1.63; 95% CI, 1.21-
2.18; p=0.001). This result means that groups with lower
intake of milk and dairy products eat more cereal; that is,
the intake amount of cereal affects the intake amount of
other foods. Therefore, it could be recommended to
reduce cereal intake and increase intake of other foods
including milk and dairy products, beans, and non-green
yellow vegetables to prevent cognitive decline, especially
among females with high cereal intake.

In this study, after adjusting for age and follow-up
time, intake of green yellow vegetables was negatively
associated with cognitive decline in men (Table 3, model
1); however, the statistically significant association
disappeared after adjustment for other confounding
variables. This result means the effect of confounding
variables rather than each food intake on cognitive
decline was strong in male subjects. Male mice were
reported to be more vulnerable than female mice to the
impact of a high-fat diet on metabolic alterations, deficits
of learning, and hippocampal synaptic plasticity (24). The
precise mechanisms for these findings are not clear,
although the inclusion of male participants might be
more valuable than female participants for understanding
the impact of daily diet on metabolic abnormalities. The
other reason for sex differences in our study is that there
might be confounding variables that we did not adjust
for. The risk of mild cognitive impairment varied by age
and sex in the Sydney Memory and Ageing Study (25).
That study also reported sex differences in terms of
cognitive lifestyle in the elderly, as female participants
had more active current lifestyles (26).

The other reason for the lack of statistically positive
correlations among male subjects might depend on the
validity of the dietary assessment. We assessed
nutritional intake using 3-day dietary records with
photographs. Although the 3-day dietary record is one of
the best ways to assess individual food intake (14), it is
difficult for men to do this. More than half of the male
participants in this study asked a wife, child, or daughter-
in-law to record their dietary intake. Therefore, the
validity of dietary records could be lower among
Japanese male subjects.

Several limitations to the present study warrant
. consideration. First, we assessed dietary factors from one
nutritional assessment at baseline. Food intake is easily
- changeable and affected by various factors with aging
(27, 28), though we could not consider these variations
during the follow-up period. Second, we used only one
MMSE cut-off score of <27 (sensitivity and specificity,
0.78) because it has been shown to be better for detecting
cognitive dysfunction compared to the value of <23
(sensitivity, 0.66; specificity, 0.99) among older subjects
with a college education (13). On the basis of this
limitation, we used the other cut-off score of 26/27
(sensitivity, 0.69; specificity, 0.91) (13) in a sub-analysis
after controlling for baseline MMSE score and other

Cereal Intake Increases and Dairy Products Decrease Risk of Cognitive Decline among Elderly Female Japanese

variables. Significant associations were observed between
cereal or bean intake and cognitive decline in women (OR
of 1 SD cereal intake: 1.46, p=0.004; OR of 1 SD beans
intake: 0.79, p=0.049). Milk and dairy products had no
significant association with cognitive decline in women
(OR of 1 SD intake: 0.79, p=0.065).

The main strengths of the present study are as follows:
1) the longitudinal design of our analyses lends strength
to our inferences; the inclusion of the same individuals
who were followed over 10 years (mean: 8.1 years)
provides evidence of a causal association between food
intake and cognitive decline; 2) the use of an older sample
of randomly selected age- and sex-stratified non-
institutionalized individuals from the community; the
results are therefore applicable to non-institutionalized
Japanese elderly; and 3) the use of the intake amount of
each food assessed by 3-day dietary records with
photographs helps determine how the amount of a
specific food decreases/increases the risk of cognitive
decline in community-dwelling Japanese.

Conclusions

In conclusion, the findings of this study indicate a 1-SD
(108 g/day) decrease in cereal intake and a 1-SD (128
g/day) increase in milk and dairy products may have an
influence of cognitive decline in community-dwelling
Japanese women aged 60 years and older. Further studies
are needed in order to explore the potential causal
relationship.
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