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Risk factors for dietary variety decline among
Japanese elderly in a rural community: a 8-year
follow-up study from TMIG-LISA
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Objective: To examine the factors related to the decline of dietary variety among the rural community-dwelling japanese elderly
people and the implication on the planning of elderly people’s nutritional improvement program in the future.

Design: A prospective cohort study during 8-year follow-up from 1992 to 2000.

Setting: This study was conducted in Nangai Village, a rural and mainly agricultural area of Akita Prefecture in the northern part
of Honshu, one of four main islands in Japan.

Subjects: A total of 417 elderly people (160 men, 257 women) who completed interviews and food intake frequency surveys
conducted in 1992, 1994, 1996, 1998, and 2000 were studied.

Methods: Dietary variety and variables potentially associated with dietary variety decline were identified from a face-to-face
interview at the baseline and 8-year follow-up surveys. The dietary variety was measured using the dietary variety score (DVS),
which covers the 10 main food groups in Japanese meals.

Results: During the 8-year follow-up, 36.2% of the subjects showed a decline in dietary variety. Health characteristics also
change among the 8-year follow-up and these changes have an effect on the decline of dietary variety. Significant predictors for
decline in dietary variety included loss of spouse, deterioration in self-perceived chewing ability, and decrease in intellectual
activity score.

Conclusions: Loss of spouse, deterioration in chewing ability, and decline in intellectual activity may increase the risk of decline
in dietary variety in community-dwelling Japanese elderly people.

European Journal of Clinical Nutrition (2006) 60, 305-311. doi:10.1038/sj.ejcn.1602314; published online 19 October 2005

Keywords: longitudinal study; dietary variety decline; dietary variety score; community-dwelling elderly people; Japan

Introduction specific mortalities (Kant et al., 1993, 1995; Michels and
Wolk, 2002; Seymour ef al., 2003). The dietary variety is a
straightforward tool for screening and identifying people at
nutritional risk, as well as a tool for monitoring response to
nutritional, medical, and environmental interventions

(Bernstein et al., 2002). In addition, dietary variety has

Previous longitudinal studies have reported that intake of a
variety of foods by the elderly is associated significantly with
lower risks of chronic diseases and all-cause and cause-
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previously been found to be associated with energy intake,
quality of a meal and biochemical measures of nutritional
status in community-dwelling elderly (Kant, 1996; Drew-
nowki et al., 1997; Fung et al., 2001; Marshall et al., 2001).
On the other hand, food intake decreases with aging
(Vellas et al., 1997), and the reasons for the decline in food
intake are multifactorial (Morley, 2001). When food intake
decreases with aging, the possibility of a decline in dietary
variety, which is evaluated based on food intake, is naturally
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high. Moreover, the characteristics of the subjects such as
lifestyle and health status, which affects food intake may also
change with aging. Therefore, clarifying the changes in
dietary variety associated closely with elderly people’s health
status, the factor related to these changes, and the measures
to be taken against such decline are important for compre-
hensive health maintenance of the elderly, their autonomy
in the community, and prevention of bed confinement and
dependence on long-term care.

Based on this background, we examined the factor related
to the decline of dietary variety in the community-dwelling
elderly people during an 8-year follow-up, with an aim to
contribute to the planning of the elderly people’s nutritional
improvement program in the future.

Methods

Data source and study subjects

The data for this study were obtained from the Longitudinal
Interdisciplinaly Study on Aging conducted by the Tokyo
Metropolitan Institute of Gerontology (TMIG-LISA), which
is a long-term project aiming to verify the predictors of
longevity and outcome and to identify factors accelerating or
retarding the aging process. The study was conducted in
Nangai Village, a rural and mainly agricultural area of Akita
Prefecture in the northern part of Honshu, one of four main
islands in Japan. In 1992, 934 residents of the village (375
men, 559 women) aged 65 years and over were registered.

A baseline survey including face-to-face interview and
medical examinations was carried out from ]une to August
1992, and a total of 738 people were interviewed, accounting
for 79.0% of 934 residents. This cohort has been followed by
interview and medical examinations on a yearly basis using
methods similar to the baseline survey. The subjects
analyzed in this study consisted of a total of 417 subjects
(160 men, 257 women) who completed the interview surveys
and food intake frequency surveys conducted in 1992, 1994,
1996, 1998, and 2000.

During the 8-year period, 381 people were lost to follow-
up because of death, missing investigations in part, hospi-
talization, long-term absence, refusal to participate, and
unknown cause. The disposition of subjects during the
follow-up period is shown in Table 1. The follow-up survey
of TMIG-LISA has been performed annually from July to
August every year since the baseline survey in 1992 until the
present. Details of the survey such as the investigation
methods and contents have been described in our previous
papers (Shibata ef al, 1997; Suzuki and Shibata, 2003).

Investigations in the TMIG-LISA were approved by the Ethics |

Committee of our research institute and informed consent
was obtained from the subjects for each follow-up.

Change in dietary variety
In TMIG-LISA, a food frequency questionnaire of 15 food
groups commonly consumed in Japan has been performed
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Table 1 Changes in number of study subjects during the follow-up
period

Men  Women Total Participation
rate (%)

Study population 375 559 934
Baseline survey 294 444 738 79.0
Follow-up survey

All items completed 160 257 417 56.5

Death 84 77 161

Missing investigation in part 24 45 69

Hospitalization 21 43 64

Long-term absence 1 9 10

Refusal to participate 1 2 3

Unknown 3 11 14

Subjects available for analysis 160 257 417

every 2 years since the baseline survey in 1992 until the
present (Kumagai et al., 1999). However, in order to evaluate
dietary variety in food groups that constitute the dishes, we
excluded the daily foods eaten by almost all the Japanese
elderly, and they included the traditionally eaten staples; rice
eaten with miso soup and pickled vegetables, bread, and
noodles, totaling five food groups. The rationale is that rice,
bread, and noodles are eaten as staple food in Japan; and rice
eaten with miso soup and salt pickled vegetables is a
standard meal pattern for the elderly. We considered that
more precise evaluation of dietary variety would be achieved
by excluding these common daily foods.

The dietary variety was measured using the dietary variety
score (DVS) (Kumagai et al., 2003). DVS was assessed by a
questionnaire of food frequency during 1 week, which covers
the 10 main food groups in Japanese meals (meat, eggs, fish
and shellfish, milk, dark-colored vegetables, soybean pro-
ducts, potatoes, fruits, seaweeds, and fats and oils). The
response to each food group was either ‘have eaten every day
(a score of 1), ‘not eaten for 1 day or more (a score of 0)'.
DVS was designated as the sum of the 10 food groups, such
that a higher score (maximum of 10 points) would indicate a
higher level of dietary variety. According to the surveys of
Kumagai et al. (2003) based on a 5-year longitudinal study,
higher dietary variety is associated with a reduced risk of a
higher-level functional decline in community dwelling.

The change in dietary variety was classified into two group
based on the change in DVS from 1992 to 2000. The change
of DVS during the 8-year follow-up was summarized in
quartiles and the cutoff point for change in dietary variety
was defined as less than 25 percentile, which was equivalent
to a score of —2 points. ‘Decline’ was thus defined as a
change in DVS < -2 points, and ‘nondecline’ as a change in
DVS > -2 points in this study.

Predictors of decline in dietary variety
The variables used for this analysis were: gender; age;
education; DVS in 1992; and changes in spouse status, new



affected chronic disease, change in self-perceived chewing
ability, change in higher-level functional capacity, and
change in DVS during 8-year follow-up.

Change in status of the spouse during follow-up period
was classified as ‘no change’ when there was no change from
the baseline situation and ‘loss of spouse’ when the spouse
passed away between 1992 and 2000. Newly affected chronic
diseases such as stroke, heart disease, hypertension, and
diabetes were classified as ‘yes’ and ‘no’. When a diagnosis of
the disease was made during the follow-up period, although
there was no history of such disease at baseline, the case was
classified as ‘yes’. Chewing ability was assessed by self-
reporting. Self-perceived chewing ability was rated as ‘good’
for subjects who answered ‘can chew anything’ or ‘can chew
most thing’, and ‘poor’ for subjects who answered ‘do not
chew much’ or ‘taking blended food’. Change in self-
perceived chewing ability was classified into four group.
People rated as ‘good’ in chewing ability in both 1992 and
2000 surveys were assessed as ‘maintenance of good chewing
ability’. People rated as ‘poor’ in chewing ability in both
1992 and 2000 surveys were assessed as ‘no change in poor
chewing ability’. People whose self-perceived chewing ability
worsened in the 2000 survey compared with 1992 were
assessed as ‘deterioration of chewing ability’. On the
contrary, people whose self-perceived chewing ability be-
came better were assessed as ‘improvement of chewing
ability’. The higher-level functional capacity of our subjects
was measured using the TMIG-index of competence (Koyano
et al., 1988, 1991). This multidimensional 13-item index of
competence comprises three subscales; ‘instrumental self-
maintenance (IADL)’, ‘intellectual activity’, and ‘social
roles’. The response to each item was ‘yes’ (able to do) or
‘no’ (unable to do). Each item was scored 1 for ‘yes’ and O for
‘no’. The total score was designated as the sum of scores for
the 13 items, such that a higher score would indicate a
higher level of competence. Three sublevels of competence
were also calculated; a score of 0-5 for IADL, a score of 04
for intellectual activity, and a score of 0—4 for social roles.
The TMIG Index of Competence has been widely accepted
and used in Japan. Based on the difference of the score for
three sublevels of competence, the changes in higher-level
functional capacity were classified into ‘increased’, ‘un-
changed’ and ‘decreased’.

Statistical analysis

We compared the baseline characteristics between partici-
pants and non-participants in the follow-up study using
x*-test, and t-test. The y’test, t-test, and paired t-test were
used to compare the changes in demographic and health
characteristics between the decline group and the nonde-
cline group in DVS during the 8-year follow-up period. To
investigate the relationship between changes in demo-
graphic/health characteristics and change in DVS during
the 8-year follow-up, multiple logistic regression analysis was
performed after controlling gender, age, scores of three
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sublevels of TMIG-index of competence in 1992, and DVS in
1992. All data were analyzed with the SAS software for
Windows version 8.0 and the level of significance was set
at 5%.

Results

Table 2 compares the baseline characteristics between
participants and non-participants in the follow-up study.
Compared to non-participants (n=321), participants
{(n=417) in the follow-up study were younger in mean age,
were higher in educational level, had lower prevalence of a
history of heart disease and diabetes, and had higher scores
in the higher-level functional capacity (instrumental self-
maintenance, intellectual activity, and social role) at base-
line. The mean DVS was 6.3 (2.4) points in participants and
6.0 (2.4) in nonparticipants out of a full score of 10, with no
significant difference.

Table 3 shows the relation between the changes in
demographic/health characteristic and change in dietary
variety during the 8-year follow-up period. During the
follow-up period, 36.3% showed a decline in dietary variety
as assessed by the DVS. Significant differences between
subjects with and without dietary variety decline were found
in three variables: change in spouse survival status, change
in self-perceived chewing ability, and change in intellectual
activity score during the 8-year follow-up period. Subjects
with dietary variety decline had a significantly higher
frequency of loss of spouse by death (P=0.027), deteriora-
tion in self-perceived chewing ability (P=0.001), and
decrease in intellectual activity (P=0.030) compared to
nondecline group. The scores of intellectual activity
(P=0.004) and DVS (P<0.001) were decreased significantly
in subjects with dietary variety decline than in those with no
decline during the 8-year follow-up period.

Table 4 summarizes the results of analyses by multivariate
logistic regression models adjusted for gender, age, scores of
the higher-level functional capacity (instrumental self-
maintenance, intellectual activity, and social roles) in 1992,
and DVS in 1992 to identify the predictors for dietary variety
decline during 8 years. Changes in spouse survival status,
self-perceived chewing ability and intellectual activity were
identified as predictors for decline of dietary variety with the
following results: (1) loss of spouse (odds ratio=2.78,
P=0.008), (2) deterioration in self-perceived chewing ability
(odds ratio =3.31, P=0.009), and (3) decrease in intellectual
activity score (odds ratio=2.02, P=0.020).

Discussion

Clarifying the factors of decline in dietary variety closely
related to elderly people’ health status and considering
countermeasures are important to promote autonomy of the
elderly and prevent them from living in a bed-confined state.
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Table 2 Comparisons of baseline characteristics (1992) between
participants and non-participants in the follow-up study

Table 3 Relation between changes in demographic/health character-
istics and change in dietary variety during 8-year follow-up, 1992-2000

Variable Participants Non-participants P-value® Decline Nondecline  P-value®
h=417) (h=321) (h=151) (n=266)
% or mean % or mean % or mean % or mean
(s.d.) (s.d) (s.d) (s.d.)
Demographic variables Gender 0.824
Gender (men) 38.4 41.7 0.353 Men 39.1 38.0
Age groups (years) 704 (4.5) 73.7(6.2) <0.001 Women 60.9 62.0
65-69 51.6 29.3 <0.001
70-74 29.7 30.5 Age (vears) 0.200
75-79 13.4 19.3
65-69 53.6 50.4
80+ 5.3 20.9
- 70-74 26.6 31.6
Spouse surviving (yes) 62.4 539 0.021
Education (<7years) 90.9 928 0.341 75-79 1.9 142
Y : : : 80 + 7.9 3.8
History of chronic disease
Stroke 4.1 6.2 0.233 Change in spouse status 0.027
Heart disease 17.5 27.1 0.002 Loss of spouse 17.2 9.8
Hypertension 41.5 433 0.621 No change 82.8 90.2
Diabetes 5.3 9.7 0.030
. Education 0.932
Self-perceived chew:jng ability <7 years 90.7 91.0
Can chew anythmg 51.3 43.6 0.107 =7 years : 9.3 9.0
Can chew most thing 39.1 43.3
Do not chew much 9.6 13.1
Taking blended food 0.0 0.0 Newly affected chronic disease
Stroke 0.107
Lifestyle-related variables Yes 9.9 94.7
Alcohol drinking status 38.4 38.9 0.874 No 90.1 53
(current drinker) Heart disease 0.316
Smoking status (current smoker)  14.6 18.4 0.180 Yes 17.9 22.6
Exercise habit (present) 17.3 16.8 0.517 No 82.1 77.4
Hypertension 0.479
Higher-level functional capacity® Yes 26.5 233
(score) No 73.5 76.7
Instrumental self-maintenance 4.8 (0.6) 43(.3) <0.00 Diabetes 0.955
Intellectual activity 3.2(1.1) 2.8(1.3)  <0.001 Yes 6.6 6.8
Social role 3.7 (0.7) 3301 <0.001 No 93.4 93.2
DVS® (score) 63(24) 6.0(24)  0.19 Change in self-perceived 0.001
chewing ability
*P-values are based on y*-test or Fisher's test, except continuous data where P- !m;?rovement 4.6 14.3
values are derived from t-test. Maintenance of good 25.2 24.4
"Higher-level functional capacity was measured using the TMIG-index of chewing ability
competence. This multidimensional 13-item index of competence comprises No change in poor 36.4 38.7
three subscales; ‘instrumental self-maintenance (IADLY, ‘intellectual activity’, chewing ability
and ‘social roles’. Deterioration 33.8 22.6
“Dietary variety score.
Change in alcohol 0.143
drinking status
) Habitual drinker 60.3 58.3
However, knowledge of how dietary patterns change with Quitted 27.2 27.8
age is limited because most dietary data are cross-sectional, New drinker 4.6 1.5
in which people in one age group are compared with Nondrinker 7.9 124
different people in another age group (Drewnowki and ) )
Shultz, 2001). Furthermore, previous studies that investi- Chggg;.; :;ISS";:’C’:I’(B status o 102 0.307
gated the dietary intake by follow-up survey (Drewnowki Quitted 20 56
and Shultz, 2001; Wakimoto and Block, 2001), generally New smoker 1.3 0.8
emphasized health outcomes such as morbidity and mortal- Nonsmoker 84.8 83.4
ity rather than age-associated changes in dietary habits. In
addition, although dietary variety and its related factor Change in exercise habit 0.733
change with aging, prospective data examining the relation gi?t'::;”y exercising 2(3) g'g
between the change in dietary variety and changes in related Newly exercising 6.6 6.0
factors are sparse. The significance of the present study is Nonexercising 78.1 75.6
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Table 3 Continued

Decline Nondecline  P-value®
(h=151) (n=266)
% or mean % or mean
(s.d) (s.d.)
Change in higher-level
fuctional capacity
Instrumental self-maintenance 0.373
Decrease 24.5 19.2
No change 70.9 77.0
Increase 4.6 3.8
Change in score, 1992-2000 ~0.6 (1.5)° . —-0.4 (1.1)°>  0.078
Intellectual activity 0.030
Decrease 38.4 26.3
No change 43.7 49.6
Increase 17.9 24.1
Change in score, 1992-2000 —0.4 (1.3)° -0.1 (1.1) 0.004
Social role 0.474
Decrease 311 28.9
No change 57.6 62.8
Increase 11.3 83
Change in score, 1992-2000 -0.5 (1.3)° -0.4 (1.0)®  0.145
Change in dietary variety score, -3.2 (1.4)° 1.0 (1.7)° <0.001
1992-2000
Total 36.3 63.7

2p-values are based on y>-test or Fisher's test, except continuous data where
P-values are derived from i-test.
5P<0.001 measured by paired t-test (from 1992 to 2000).

Table 4 Predictors of dietary variety decline during 8-year follow-up,
1992-2000

Risk factor Odds ratic® 95% CP  P-value

Change in spouse survival status
(— loss of spouse)

278 1.30, 5.95 0.008

Change in self-perceived chewing ability
Improvement (reference group)

Maintenance of good chewing ability ~— 2.31 0.98, 5.48 0.057

No change in poor chewing ability 241 0.52, 11.09 0.260

Deterioration 3.31 1.36, 8.08 0.009
Change in instrumental self-maintenance

No change (reference group)

Decrease 1.27 0.61, 2.66 0.525

Increase 2.51 0.50, 12.63 0.264
Change in intellectual activity

No change (reference group)

Decrease 2.02 1.12, 3.65 0.020

Increase 0.59 0.27, 1.29 0.185
Change in social role

No change (reference group)

Decrease 1.38 0.72, 2.64 0.328

Increase 1.27 0.42, 3.51 0.720

*Odds ratio adjusted for gender; age, and instrumental self-maintenance
score, intellectual activity score, social role score and dietary variety score in
1992.

bCl, confidence interval.

’
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that we examined the change in dietary variety and the
factors relevant to this change by conducting longitudinal
surveys for duration of 8-years on the same group of elderly
subjects.

Before interpreting the results and establishing a final
conclusion, some limitations of our study must be consid-
ered. First, among 738 people examined in 1992, 321 people
(43.5%) were excluded from the analysis for identifying risk
factors of dietary variety decline, because of missing data due
to death, partial nonparticipation in investigation items,
hospitalization and other reasons. The population that was
excluded from analyses was older and weaker than the
population analyzed using logistic regression. Therefore, the
selection bias would have weakened the predictive value of
each predictor for dietary variety decline in this study,
suggesting that the actual predictive value might be even
higher. Second, TMIG-LISA consists of three major disci-
plines: medical, psychological, and social sciences (Suzuki
and Shibata, 2003). Food frequency has been contained as a
part of the medical history questionnaire. In this study, since
a nutrient intake survey was not conducted, we cannot
specify what kind of changes had happened in terms of the
composition of nutritional values including protein, vitamin
and energy. However a decline in DVS may suggest that the
nutritive value might have deteriorated and changed into an
unbalanced diet.

In this study, ‘decline in dietary variety’ defined as a
decrease by two or more points on the DVS from 1992 to
2000 was observed in 36.3% of the subjects. In addition, the
demographic and health characteristics as well as DVS also
changed with aging during the follow-up period and these
changes affect the decline in dietary variety. In a multivariate
logistic regression analysis to identify the predictors of
dietary variety decline during the 8-year period, changes in
spouse survival status, self-perceived chewing ability and
intellectual activity during follow-up were identified as
significant factors.

Having identified the change of spouse survival status as a
related factor, we suggest that teaching dietary management
is necessary for those elderly people who have lost the
spouse. Since dietary management and cooking are pre-
scribed by gender role, the influence of spouse status on the
change in dietary variety may be particularly strong for men.
In terms of the influence of spouse survival status on health
status, Erlangsen et al. (2004) have also reported that being
widowed offers more obstacles for the oldest old men than it
does for women.

Deterioration in chewing ability is one of the most
important consequences of oral diseases and disorders
(Locker, 2002). A large number of studies have clearly
demonstrated that self-perceived chewing ability is very
important for the maintenance of good dietary habits in the
elderly (Sheiham et al., 1999; Osterberg et al., 2002; Bartali
et al., 2003). Furthermore, Gordon et al. (1985) suggest that
the presence of self-perceived chewing problems often is an
indicator of altered food selection patterns in these older
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individuals, and that this may be a more reliable indicator
than the quality of the dentition itself. However, we could
know through this longitudinal study that chewing ability
deteriorated with aging. People who are aware of weakened
chewing ability tend to only take food that is easy to bite. As
a result, the dietary variety worsens significantly (odds
ratio=3.31, P=0.009). Fortunately, chewing ability is im-
proved by suitable dental treatments such as dentures and
implants (Bergendal and Magnusson, 2000; Bakke et al.,
2002). After that, however, dietary quality may be lowered in
subjects with self-perceived ill-fitting dentures (Marshall
et al., 2002; Sahyoun and Krall, 2003). Furthermore, Allen
and McMillan (2002) suggest that tailored dietary advice in
addition to appropriate prosthetic rehabilitation may be
required for these patients, and that further research is
warranted.

Intellectual activity as well as self-perceived chewing
ability also changed with aging during the follow-up period.
The results obtained are similar to those reported in other
group of Japanese urban community (Fujiwara et al., 2003).
Change in intellectual activity is another significant factor of
decline in dietary variety. The odds ratio for dietary variety
decline becomes higher accompanying a decrease in in-
tellectual activity score during the 8-year follow-up. This
signifies that loss of a lifestyle with interest for health-related
information through the mass media including newspaper,
book, magazine, and television leads to a decline in
intellectual activity and increases the risk of decline in
dietary variety. Kumagai et al. (2003) pointed out that higher
dietary variety is associated with a reduced risk of high-level
functional capacity decline in community dwelling elderly.
Moreover, according to the surveys of Fujiwara et al. (2003)
and Ishizaki et al. (2000) based on an elderly people living in
a Japanese community, maintenance of a high-level in-
tellectual activity is strongly associated with sustaining
independence in IADL. Therefore, it is also important for
elderly people to maintain a lifestyle that improves intellec-
tual activity.

Some investigators have suggested that since elderly
people have a higher interest in health-related information
than other age groups, there is a high potential that their
behaviors can be modified to maintain their health status
and autonomy (U.S. Department of health and human
services, 1998). In particular, Fujiwara ef al. (2003) reported
that the intellectual activity of the elderly can be potentially
modified toward a healthy direction through a correct
lifestyle. Consequently, to prevent the decline of dietary
variety, it is necessary to prepare a plan that improves
intellectual activity in addition to the implementation of a
nutritional improvement program. For example, even in the
case of deteriorated chewing ability due to aging, methods of
maintaining dietary variety with underlying efforts to
improve intellectual activity will bring out much greater
effect. This may take the form of appropriate support in
buying food and choosing cooking methods appropriate to
the chewing ability.
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In summary, we found that DVS decreased with aging in
the community-dwelling elderly during an 8-year follow-up.
Self-perceived chewing ability and intellectual activity also
changed during the 8-year follow-up and these changes had
an effect on the decline of dietary variety. In planning future
nutritional improvement programs based on the mainte-
nance or improvement of dietary variety, the spouse status
and self-perceived chewing ability should be taken into
consideration, and measures to create an environment
conducive to improving intellectual activity are required.
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Association Between Change in Bone Mineral Density and
Decline in Usual Walking Speed in Elderly Community-Dwelling
Japanese Women During 2 Years of Follow-Up

Jinbee Kwon, PhD,* Takao Suzuki, MD, PhD,* Hideyo Yoshida, MD, PhD,* Hunkyung Kim, PhD,*
Yuko Yoshida, PhD,” Hajime Iwasa, PhD,* Mibo Sugiura, MS,* and Taketo Furuna, BS'

OBJECTIVES: To investigate the association between
change in bone mineral density (BMD) and change in
usual walking speed in elderly community-living Japanese
women during 2 years of follow-up.

DESIGN: Longitudinal cohort study.

SETTING: Community-based.

PARTCIPANTS: A total of 182 women aged 70 to 84 who
completed a baseline survey and a follow-up survey 2 years
later.

MEASUREMENTS: An interview, anthropometric mea-
surements, blood analysis, and physical performance tests
were performed at baseline and at follow-up 2 years later.
BMD was evaluated using dual-energy X-ray absorptiom-
etry measured at the forearm. Annual percentage changes in
BMD and usual walking speed during the 2-year follow-up
period were calculated; annual percentage changes in BMD
were summarized in quartiles. The association between
annual bone loss rate and decline in usual walking speed
was analyzed using multiple linear regression adjusted for
changes in muscle strength, balance capability, and other
potential confounders.

RESULTS: Change in BMD was significantly related to
change in usual walking speed during the 2-year follow-up.
After multivariate adjustment, usual walking speed
declined significantly more in elderly women whose BMD
decreased (—3.5% change in walking speed in the first
quartile of percentage change in BMD and — 3.1% in the
second quartile) than in women whose BMD increased
(+1.5% in fourth quartile).

CONCLUSION: Elderly women whose BMD decreased
had a significantly greater decline in usual walking speed
than women whose BMD increased, even after multivariate
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he maintenance of physical performance in later life

may improve quality of life for older adults.%? To
assess the physical performance of elderly community-
dwelling people, muscle strength, balance capability, and
walking speed are routinely measured.>* Of these physical
performance measures, walking speed has been reported to
be an indicator of general morbidity and a good indicator of
functional capacity.>*

Alternatively, walking ability decreases with aging, and
ambulatory difficulties are common in older people. More-
over, decrease in walking speed predisposes elderly people
to deterioration in quality of life, aggravation of disability,
and need for care.® The reasons for the decline in walking
speed are multifactorial. In particular, muscle strength and
balance capability have been found to be positively asso-
ciated with walking speed.é-8

Several studies have shown that women with lower bone
mineral density (BMD) have significantly lower muscle
strength® ! and slower walking speed.®'2 Improvement in
grip strength during 10-year follow-up wass significantly asso-
ciated with lower bone loss, ! although the association between
changes in BMD and walking speed with aging remains un-
defined, because most past reports were cross-sectional studies.

The aim of the present study was to investigate the
association between change in BMD and change in usual
walking speed adjusted for changes in muscle strength and
balance capability in Japanese community-dwelling elderly
women during a 2-year follow-up.

SUBJECTS AND METHODS

Data Source and Study Subjects

The data for this study were obtained from the mass health
examinations for community-dwelling people (“Otasha-

JAGS 55:240-244,2007
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kenshin” in Japanese) aged 70 and older living in Itabashi-
ku, Tokyo. “Otasha-kenshin,” literally meaning “health
examinations for successful aging,” are comprehensive
health examinations for community-dwelling older adults
aimed at preventing geriatric syndromes including falls and
fractures, incontinence, oral health and function, mild cog-
nitive impairment, depression, and undernutrition. Details
of the survey, such as the investigation methods and con-
tents, have been described previously.*3:14

The baseline survey for the present study was conduct-
ed in December 2002. Of 2,000 persons aged 70 to 84 ran-
domly sampled from the resident registration records of
Itabashi-ku in metropolitan Tokyo, 847 (456 men and 391
women) participated in the baseline survey. Of the 391
women, 205 (52.4%) also participated in the follow-up
survey conducted in November 2004 and completed the
interview, anthropometric measurements, blood analysis,
and physical performance tests. Twenty-three people who
participated in other intervention programs conducted at
the Tokyo Metropolitan Institute of Gerontology for pro-
moting independence were excluded. Thus the research
subjects analyzed in this study consisted of 182 elderly
wommen who participated in the baseline and follow-up sur-
veys and had not participated in other intervention pro-
grams during the 2-year period. The ethics committee of the
Tokyo Metropolitan Institute of Gerontology approved the
study, and informed consent was obtained from all subjects.

Assessment of BMD

BMD was evaluated using dual-energy X-ray absorptiom-
etry (DTX-200, Osteometer Medi-Tech, Hawthorne, CA)
measured at the forearm. Specially trained personnel per-
formed the measurements. The Osteometer DTX-200 can
set region of interest automatically 24 mm proximal to the
position where the radius and ulna are § mm apart. Baseline
and follow-up examinations were conducted using densi-
tometers of the same make and model. Annual percentage
changes in BMD during the 2-year follow-up period were
calculated using the following formula

100 x (BMD in 2004 ~-BMD in 2002)/(BMD in 2002
x length of follow-up in years)

and summarized in quartiles of percentage change as fol-
low: first {—12.57 to —4.18), second { ~4.17 to —1.78),
third (- 1.77-0.72), and fourth (0.73-18.81).

Assessment of Physical Performance

Physical performance was assessed according to handgrip
strength, functional reach, and walking speeds (usual and
maximal). These assessments are routinely conducted as
part of the Otasha-kenshin program, as described previ-
ously.3+*

Handgrip strength was measured using Smedley’s
Hand Dynamometer (Yagami, Tokyo, Japan). For func-
tional reach, the subject stood sideways against a wall in a
natural position and stretched both arms forward to the
height of the shoulders. The positions of the fingertips were
taken as the zero point. Then one arm was lowered. With
the body tilted forward as far as possible, the subjects con-
tinued to stretch the arm parallel to the ground. The great-
est distance of forward reach was measured. Three
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measurements were made, and the mean value was record-
ed.> To test walking speed, participants walked along a
straight 11-m walkway on a flat floor. A stopwatch meas-
ured the time taken to walk 5 m, from the time when the
foot touched the ground after the 3-m line to when the foot
touched the ground after the 8-m mark. The participant first
took the test by walking at usual speed and then by walking
as fast as possible. Walking tests at usual and maximum
speeds were repeated, and the faster speed was recorded in
each walking test.

The change in physical performance was expressed as
the change in value from 2002 to 2004 for each parameter.
Annual percentage change in usual walking speed during
the 2-year follow-up period was calculated by the formula

100x (usual walking speed in 2004-usual walking speed in 2002)/
(usual walking speed in 2002 x length of follow-up in years)

Assessment of Other Variables

An interview was conducted to assess the age, education
level, subjective health status, regular exercise habits,
chronic disease history, and higher-level functional capac-
ity. Regular exercise per week was based on the following
activities: walking outdoors, running, exercise, and sports.
Chronic disease conditions were self-reported and included
hypertension, stroke, heart attack, and diabetes mellitus.
The higher-level functional capacity was measured using
the Tokyo Metropolitan Institute of Gerontology Index of
Competence.'® This multidimensional 13-item index of
competence comprises three subscales: instrumental activ-
ities of daily living, intellectual activity, and social roles.
Blood samples were collected under a nonfasting state, in a
sitting position. The analyses were performed centrally in
one laboratory (Special Reference Laboratories, Inc., Tok-
yo, Japan). Serum albumin level was measured using a
standard kit using the BCG method. Body mass index (BMI,
kg/m?) was calculated as weight (in kg) divided by the
square of height (in m).

Statistical Analysis

All dara were analyzed using SPSS software for Windows
version 13.0 (SPSS Inc., Chicago, IL), and the level of sig-
nificance was set at 5%. Population characteristics at base-
line and at 2-year follow-up are expressed as frequency or
mean =+ standard deviation). Paired ¢ tests were used to
evaluate the changes in physical performance during the 2-
year follow-up period. Simple correlation was used to test
the association between changes in BMD and physical per-
formance. Comparison of annual change in usual walking
speed according to annual BMD change in quartile was
conducted using analysis of covariance (ANCOVA). Trend
analysis was conducted using linear regression and entering
the quartiles of performance as ordinal variables.® The
model was adjusted for age; subjective health status; regular
exercise; BMI; serum albumin concentration; handgrip
strength; functional reach; usual walking speed in 2002;
and changes in BMI, serum albumin concentration, hand-
grip strength, and functional reach from 2002 to 2004.
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Table 1. Characteristics of the Study Subjects (n = 182) in
Baseline and Follow-Up Surveys

Characteristic Value P-value™*
Age, mean + SD 759+ 3.6
Education level > high school, % 62.6
Good subjective health status, % 80.2
Regular exercise every day, % 42.3
Chronic disease history, %
Hypertension 50.5
Stroke 5.5
Heart attack 8.8
Diabetes mellitus 4.9
Higher-level functional capacity
score, mean =+ SD
2002 122+ 1.2
2004 118+ 14 <.001
Change 2004~-2002 —0.48 +1.32
Body mass index, kg/m?,
mean + SD
2002 22.8 +3.2
2004 22.6 £ 3.2 .005
Change 2004-2002 —-0.26 = 1.23
Bone mineral density, g/cm?,
mean =+ SD
2002 0.296 + 0.068
2004 0.286 + 0.067 <.001
Change 2004-2002 —0.010 = 0.023
Serum albumin, g/dL, mean + SD
2002 4.25 + 0.20
2004 4.34 4+ 0.20 <.001
Change 2004-2002 0.09 + 0.16
Handgrip strength, kg, mean £ SD
2002 18.1+ 44
2004 174+ 4.3 .001
Change 2004—2002 —-0.74 £ 2.94
Functional reach, cm, mean + SD
2002 32.0+5.3
2004 32.3£53 .65
Change 20042002 0.16 £ 4.73
Usual walking speed, m/sec,
mean & SD
2002 1.15 £ 0.25
2004 1.10 + 0.26 .001
Change 2004-2002 —0.04 = 0.18
Maximal walking speed, m/sec,
mean + SD
2002 1.61+0.34
2004 1.62 + 0.39 495
Change 2004-2002 0.01 £ 0.25

* According to paired -test.
SD = standard deviation.

RESULTS

Participants in the follow-up study were younger and had
significantly better subjective health, higher scores in high-
er-level functional capacity, and higher scores in physical
performance (functional reach, usual walking speed, and
maximal walking speed) (data not shown) than nonpartic-
ipants.

Table 2. Correlations Between Changes in Bone Mineral
Density (BMD) and Physical Performance During the 2-
Year Follow-Up

Change in BMD (g/cm2)

Change in Physical Correlation
Performance Coefficient P-value*
Handgrip strength, kg - 0.036 .63
Functional reach, cm 0.062 41
Usual walking speed, m/sec 0.212 .004
Maximal walking speed, m/sec 0.129 .08

* According to Pearson correlation analysis.

The baseline characteristics and changes in BMD and
physical performance during the 2-year follow-up period of
the 182 study participants are shown in Table 1. The mean
age in 2002 was 75.9 = 3.6 (range 70~84). The frequency
of good self-rated health was 80.2%, and the mean higher-
level functional capacity score was 12.2 + 1.2 out of a full
score of 13. During the follow-up period, higher-level func-
tional capacity (P<.001), BMI (P =.005), BMD (P<.001),
handgrip strength (P=.001), and usual walking speed
(P =.001) decreased significantly. Alternatively, serum al-
bumin concentration increased significantly (P<.001).
There were no significant changes in functional reach and
maximal walking speed during the 2-year follow-up period.

Table 2 shows the correlation between the change in
BMD and change in physical performance during the 2-year
follow-up period. Change in BMD was significantly related
only to change in usual walking speed (correlation coeffi-
cient = 0.212, P =.004). There was no significant relation-
ship between changes in BMD, handgrip strength,
functional reach, and maximal walking speed.

Figure 1 compares the change in usual walking speed
according to the change in BMD presented in quartiles.
Mean annual BMD change rate was —1.57 £4.12%
(range —12.57-18.81), and mean annual usual walking
speed change rate was —1.54 + 8.58% (range —23.84—
47.78). A significant association was observed between
mean annual change in usual walking speed and annual
BMD change presented in quartiles (P =.03, according to
ANCOVA). Elderly women whose BMD decreased
(—3.5% in the first quartile and —3.1% in the second
quartile) over the 2-year follow-up showed significantly
(P=.01) greater decline in usual walking speed than
women whose BMD increased (1.5% in the fourth quar-
tile). More-rapid annual bone loss was associated with
greater decline in usual walking speed (P =.005, according
to trend test). This result was adjusted for age; subjective
health status; regular exercise; BMI; serum albumin con-
centration; handgrip strength; functional reach; usual walk-
ing speed in 2002; and changes in BMI, serum albumin
concentration, handgrip strength, and functional reach
from 2002 to 2004.

DISCUSSION

The present 2-year longitudinal follow-up study evaluated
the association between changes in BMD and physical per-
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Figure 1. Associations between change in bone mineral density
(expressed in quartiles) and change in usual walking speed dur-
ing the 2-year follow-up. First quartile: —12.57 to —4.18; sec-
ond quartile: —4.17 to—1.78; third quartile: —1.77-0.72;
fourth quartile: 0.73-18.81. Annual percentage change = 100
x (data from 2004—data from 2002)/(data of 2002 x 2 (length
of follow-up in years)). ANCOVA = analysis of covariance.

formance in a population-based random sample of 182
Japanese women aged 70 and older. It found that elderly
women with more-rapid bone loss had a greater decline in
usual walking speed.

To promote independence and to maintain quality of
life in older people, the maintenance of physical perform-
ance, including muscle strength, balance capacity, and
walking speed, is important.!~* Of these measures of phys-
ical performance, walking speed, especially usual walking
speed, is the most sensitive predictor of functional depend-
ence in older people.® Walking speed decreases with aging,
is influenced by multiple factors, and should be modified
through a lifestyle that strengthens muscles of the lower
extremities.*171¥ For example, exercise and nutritional
interventional interventions in relatively healthy commu-
nity-dwelling elderly people have been shown to improve
walking speed.!”-!3

BMD decreases with age, decreasing 1% per year after
menopause in women,'® although adequate dietary pro-
tein,?® calcium and dairy,>*?? and vitamin C intake;?3
weight maintenance;?123 higher BMI;2! maintenance of
daily physical activity;?'** supplementation;?* and hor-
mone replacement therapy?® may contribute to healthy
bones and prevent decline in bone mass.

Cross-sectional studies have reported that BMD in eld-
erly people is significantly associated with physical per-
formance.”!%'? Elderly women with lower BMD had
significantly lower grip strength and knee extension power
and poorer balance. These results suggest a strong role of
maintaining muscular strength in the prevention of bone
loss in healthy and functionally independent women. In the
absence of neurological and degenerative disorders, poor
physical performance in elderly people is likely to result
from reduced physical activity, and 2 consequence of the
reduced mechanical loading would be reduced bone mass
and density.?

In the present study, elderly women with more-rapid
bone loss during 2 years of follow-up had a greater risk of
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decline in usual walking speed than those with greater
BMD. Because the directionality of the association between
the change in mineral density and usual walking speed can-
not be ascertained from this study design, the result does not
imply that modification or improvement of BMD would
have any effect upon walking speed. Intervention trials are
needed to assess the effect of treatment of osteoporosis on
walking speed and the effect of interventions targeting gait
speed on bone density.

This study has some limitations. First, the characteris-
tics of the subjects must be considered. Although the sub-
jects analyzed were selected randomly from the population
of an urban district, they were relatively healthy elderly
persons who were able to travel from their homes to the
health examination center at baseline and 2 years later. As a
result, the present results may not be applicable to frail
older people or those with multiple comorbidities who have
low physical functional capacity. Second, BMD has been
measured at virtually all available measurement sites (spine,
proximal femur, forearm, whole body, calcaneus, and tibia)
in other reports.?® In the present study, only forearm BMD
was used as indicator of bone loss. Therefore, the findings
may not be directly comparable with those in other groups.
To generalize this result, a more-comprehensive approach,
including measuring bone mass at various sites in a large
sample of elderly people and evaluating the associations
between bone loss at different sites and changes in physical
performance, is necessary. Forearm BMD measurement was
chosen, because it is a quick, easy, and accurate method to
evaluate the bone health of older people.?” In addition,
forearm BMD may be useful to assess osteoporosis in post-
menopausal women because forearm BMD is significantly
associated with BMD of the lumbar spine and hip.2% Third,
this study did not control for the type and dose of drugs that
affect bone turnover, such as calcium, estrogens, vitamin D,
and calcitonin, all of which may affect BMD. Finally, this
study focused on the association between change in BMD
and change in walking speed during the 2-year follow-up
period and did not provide information on the cause-and-
effect relationship. However, the relationship between the
two parameters that were used in this study is expected to
form a basis for further study. The number of elderly people
with low bone mass and walking ability is going to increase
in the future. Therefore, there will be an increasing need for
strategies to strengthen these two parameters.

In conclusion, elderly women with more-rapid bone
loss had greater decline in usual walking speed, even after
multivariate adjustment including changes in muscle
strength, balance capability, and other potential confound-
ers. Further studies are needed to investigate the cause-
and-effect relationship between BMD and walking speed.
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