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Figure 3. Relationship between MMSE and TICS-J.
Regression equation: MMSE=4.59+(0.65*TICS-1J),
Pearson’s correlation; r=0.858 (p<0.001) for all
subjects (solid line, n=135), MMSE=6.12+(0.55*TICS-J),
r=0.742 (p<0.001) for AD patients (dashed line, n=49)
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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

Jinhee Kwon, PhD,* Takao Suzuki, MD, PhD,* Hideyo Yoshida, MD, PhD,” Hunkyung Kim, PhD,*
Yuko Yoshida, PhD,* Hajime Iwasa, PhD,* Miho 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.3* 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.®=8

Several studies have shown that women with lower bone
mineral density (BMD) have significantly lower muscle
strength® 1! and slower walking speed.®!? Improvement in
grip strength during 10-year follow-up wass significantly asso-
ciated with Iower 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 35:240-244, 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
women 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.>*

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

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 data 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 t 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 55
Heart attack 8.8
Diabetes mellitus 4.9
Higher-level functional capacity
score, mean =+ SD
2002 122+1.2
2004 118+ 14 <.001
Change 20042002 -0.48 +1.32
Body mass index, kg/m?,
mean + SD
2002 22.8+ 3.2
2004 226 +3.2 .005
Change 20042002 —-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 £ 0.20 <.001
Change 2004-2002 0.09 +0.16
Handgrip strength, kg, mean & SD
2002 18.1+ 4.4
2004 17.4 £ 4.3 .001
Change 2004-2002 —-0.74£294
Functional reach, cm, mean & SD
2002 32.0+5.3
2004 32.3+5.3 .85
Change 2004-2002 0.16 £4.73
Usual walking speed, m/sec,
mean * SD
2002 115+ 0.25
2004 1.10 £ 0.26 .001
Change 2004-2002 —0.04 £0.18
Maxima! walking speed, m/sec,
mean + SD
2002 1.61 4+ 0.34
2004 1.62 + 0.39 495
Change 2004-2002 0.01+0.25

* According to paired z-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 =.003, 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.*17:1® For example, exercise and nutritional
interventional interventions in relatively heaithy commu-
nity-dwelling elderly people have been shown to improve
walking speed.1”:18

BMD decreases with age, decreasing 1% per year after
menopause in women,'? although adequate dietary pro-
tein,?’ calcium and dairy,®?%?? and vitamin C intake;??
weight maintenance;?%?? higher BML?! 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.”'%12 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 a 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

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. Asa
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.?® 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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