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Decreased Salt Intake in Japanese Men Aged 40
to 70 Years and Women Aged 70 to 79 Years: An
8-Year Longitudinal Study

REI OTSUKA, PhD; YUKI KATO, PhD, RD; TOMOKO IMAI, PhD, RD; FUJKO ANDO, MD, PhD; HIROSHI SHIMOKATA, MD, PhD

ABSTRACT

Background It is not known whether salt intake decreases
over time in the same population. This study attempts to
describe salt intake for 8 years according to age groups,
and examines whether salt intake changes over time in
community-dwelling middle-aged and elderly Japanese
subjects.

Methods Data were collected as part of the National Insti-
tute for Longevity Sciences Longitudinal Study of Aging.
Participants included 544 men and 512 women who par-
ticipated in and completed all nutrition surveys from the
first (1997-2000) to fifth (2006-2008) study waves. Each
study wave was conducted for 2 years; in individuals, the
entire follow-up period was 8 years. Salt and energy in-
take were calculated from 3-day diet records with photo-
graphs. The mixed-effects regression model was used for
analysis of repeated measures of salt intake.

Results Mean age and salt intake for study participants at
first participation in the survey were 56.5:£9.3 years and
12.8:+3.3 g/day in men and 55.8£9.4 years and 10.6+2.5
g/day in women, respectively. Mean energy intake de-
ereased in men and women in all age groups {rom the first
to fifth study waves. Eight-year longitudinal data showed
that salt intake decreased in men. In stratified analyses
by age, mean salt intake in men decreased 0.08 g/year
among 40- to 49-year-alds, 0.09 g/year among 50- to 59-
vear-olds, 0.16 g/year among 60- to 69-year-olds, and 0.14
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glyear among 70- to 79-year-olds. For women, mean salt
intake decreased 0.08 g/year among 70- to 79-year-olds
(P=0.098). After adjusting for energy intake, salt intake
was decreased among 60- to 69-year-ald men (P=0.049)
and increased among 50- to 59-year-old women
(P=0.015).

Conclusions Absolute salt intake was decreased among all
age groups from 40 to 70 years in men and from 70 to 79
years in women. An increased focus on reducing energy
intake resulted in only a modest decrease in salt intake.
Although we observed a decline, salt intake still exceeded
recommended levels. Efforts that focus on salt reduction
are needed to address this important public health
problem.

J Am Diet Assoc. 2011;111:844-850.

apanese have a higher salt intake than Westerners,
and a high prevalence of hypertension (1-3). Sodium
intake among Japanese and US participants in the
International Study of Macro- and Micronutrients and
Blood Pressure study (age range 40 to 59 years) was 4,651
mg/day and 3,660 mg/day (salt intake as converted using
sodium intake of 11.8 g and 9.3 g), respectively (1). These
intakes are above the current World Health Organization
recommendation of <X2,000 mg/day (4).

Excessive salt intake has adverse effects on blood pres-
sure, and lower salt intake is recommended to prevent
hypertension not only in Japan but also in other countries
(5,6).

The National Nutrition Survey in Japan indicated that
trends in salt intake among subjects aged 1 year and
older gradually decreased from 14.0 g/day in 1975 to 11.0
g/day in 2005 (7). However, that survey was a cross-
sectional study, and subjects were selected randomly at
several survey districts every year (7). Thus, it is un-
known if salt intake in the same population decreased
over time.

Food consumption and nutrient intake among Japa-
nese have changed markedly during the past 5 decades.
For example, Westernization of the Japanese diet has led
to decreased consumption of carbohydrates and increased
consumption of fat and meat (7.8). In addition, diet dif-
ferences by age have been reported (9,10). For example,
fat density (per 1,000 kcal energy intake) tends to decline
as subjects get older (10). To understand trends in salt
intake among Japanese subjects, it is essential to exam-
ine longitudinal data by age group. To the best of our
knowledge, there are no data from prospective cohort

© 2011 by the American Dietelic Association



studies that focus on salt intake among Japanese sub-
jects.

! Our study attempts to describe the salt intake for 8
years according to age groups categorized according to
the age at first participation of the study, and to examine
the trends in salt intake over time in community-dwelling
middle-aged and elderly Japanese subjects.

METHODS
Study 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 pro-
cess has been assessed using detailed questionnaires and
medical checkups, anthropometric measurements, phys-
ical fitness tests, and nutrition examinations. Details of
the study of NILS-LSA are reported elsewhere (11). The
initial survey of NILS-LSA involved 2,267 men and
women aged 40 to 79 years, including almost 300 men
and 300 women for each decade of life. Participants in-
cluded were sex- and decade age-stratified random sam-
ples living in Obu-shi and Higashiura-cho, Aichi Prefec-
ture, Japan. They have been followed every 2 years from
the first study wave (November 1997 to April 2000), sec-
ond study wave (April 2000 to May 2002), third study
wave (May 2002 to May 2004), fourth study wave (June
2004 to July 2006), and fifth study wave (July 2006 to
July 2008). Each study wave was conducted for 2 years;
the total length of the first through fifth waves was 10
years. However in individuals the entire follow-up period
was 8 years.

When participants could not be followed-up (eg, they
transferred to another area, dropped out for personal
reasons, or died), new age- and sex-matched subjects
were randomly recruited. All study waves included
nearly 1,200 men and 1,200 women. Among them, 621
men and 585 women participated in all five study waves.
Some participants (77 men and 73 women) did not com-
plete nutrition surveys from the first to fifth study wave
at least one time. Thus, this study includes 544 men and
512 women who participated and completed in all nutri-
tional surveys from the first to fifth study wave.

Age groups were categorized according to age at first
participation of the study (November 1997 to April 2000).
During an 8-year follow-up from the first to fifth study
wave, most participants (446 men and 417 women)
changed age groups. Among them, 39 men and 36 women
changed age groups from 70 to 79 years to 80 to 89 years.
To simplify the analysis, age groups categorized at first
participation were used in all analyses.

Written informed consent was obtained from all partic-
ipants. The Ethics Committee of the National Center for
Geriatrics and Gerontology had already approved all pro-
cedures of the NILS-LSA.

Nutrition Assessments

Nutritional intakes were assessed by a 3-day diet record.
The diet record was completed over 3 continuous days (2
weekend days and 1 weekday) (12). Foods, including sea-
sonings, were weighed separately on a scale before cook-
ing or portion sizes were estimated. Participants used a
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disposable camera to take photographs of meals before
and after eating. Registered dietitians used the photo-
graphs to complete missing data, and telephoned partic-
ipants to resolve any discrepancies or obtain further in-
formation when necessary. The averages of the 3-day food
and 119 nutrient intakes were calculated, and food was
divided into 18 groups according to the fifth edition of the
Standard Tables of Food Composition in Japan and other
sources (12). Mean salt intake (grams/day) and energy
intake (kcal/day) calculated from the 3-day dietary record
were used in this study.

Other Measuremenis

Blood pressure was measured by an automated sphygmo-
manometer (BP-203RVI], Omron Colin, Tokyo, Japan)
after participants had been comfortably seated for at
least 5 minutes. Weight and height were measured under
a fasting state to the nearest 0.1 kg and 0.1 cm, respec-
tively, with subjects wearing light clothing and no shoes.
Body mass index was calculated as weight/height? (kg/m?).

Statistical Analyses

All statistical analyses were conducted with Statistical
Analysis System (version 9.1.3, 2006, SAS Institute,
Cary, NC) and were done separately by sex. Participants
were categorized into four age groups (40 to 49, 50 to 59,
60 to 69, and 70 to 79 years) according to age at first
participation.

Comparisons between continuous variables were per-
formed by analysis of variance and trend test. Linear
regression models were constructed using the PROC
GLM procedure to examine the association between age
groups and energy or salt intake.

For analyses of repeated measures of salt intake, the
mixed-effects regression model (Proc Mixed) was used.
This method is a generalized form of linear regression
analysis that allows for repeated measures on each par-
ticipant while accounting for the considerable variation
across participants in overall average salt intake. To es-
timate the main effects of salt intake by study wave, age
group and the interaction of study waveXage group were
substituted into the model. Each study wave was con-
ducted for 2 years; the entire follow-up period for each
participant was 8 years.

To eliminate the effects of total amounts of foed intake
on salt intake, a subsequent model included energy in-
take into covariates in the mixed-effects regression anal-
yses. In addition, linear changes in salt intake over 8
years for each age group were estimated according to the
slope of salt intake (grams/day) and the interception
based on the mixed-effects regression analyses. Linear
changes in energy-adjusted salt intake by age group were
also estimated according to the slope of salt intake
(grams/day) and the interception.

All reported P values were two-sided. A P<0.05 was
considered statistically significant, and a P<0.1 was con-
sidered marginally statistically significant.

RESULTS

Mean (standard deviation) age, average daily dietary in-
take from 3-day diet records, body mass index, and bload
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wave) in the Japanese Longitudinal Study of Aging

Table 1. Mean age, average daily dietary intake from 3-day diet records, body mass index, and blood pressure at first participation (first study

Men (n=544) Women (n=512) !
Mean=standard Mean=standard

Characteristic deviation Min Max deviation Min Max
Age (v) 56.5+9.3 40 79 55.8+9.4 40 78
Nutrition

Salt (g/d) 12.8+3.3 5 28 10.6+2.5 3 23
Energy (kcal/d) 2,382.4+405.1 1,057 4,433 1,940+308.7 970 2,988
Protein (g/d) 89.5x16.4 39 148 752144 40 136
Fat (g/d) 62.2+16.8 17 144 55.7+15.0 21 118
Carbohydrate (g/d) 330.6:67.6 155 608 277.3+48.9 146 483
Salt/energy (g/1,000 kcal) 54+1.2 2 10 5.5*1.2 2 10
Body mass index 23.0x2.7 15 33 226+2.9 15 38
Systolic blood pressure (mm Hg) 123.0+17.5 72 204 121.2+195 78 193
Diastolic blood pressure (mm Hg) 77.0+10.4 52 114 73.7x1141 49 114

Tabte 2. Mean energy and salt intake according to age group® from the first to fifth study wave in the Japanese Longitudinal Study of Aging

Study Wave ANOVA®  Trend

Intake n First Second Third Fourth Fifth P value P value

meanx standard deviation >
Energy Intake (kcal/d)
Men (y)
40-49 149 2434418  2,345+372  2,384+360  2,326+385 2,309+362 0.037 0.007
50-59 192 2,414+405  2,359%+383  2,321+362  2,305+364 2,314+342 0.024 0.003
60-69 140  2,338%+401 2,277+385  2,224+402  2,181+340  2,132%+328 <0.001 <0.001
70-79 63 2,264+356  2,181+x340  2,123+329  2,045+303  2,024+359 <0.001 <0.001
Weomen (y)
40-49 156  1,957+292 1,891+332 1,930:£300 1,876+273 1,867 %291 0.039 0.010
50-59 174  1,976+314 1,885+303  1,889+283 1,845+308 1,852+288 <0.001 <0.001
60-69 126 1,919+317 1,853+308  1,848+294  1,786+285  1,757x275 <0.001 <0.001
70-79 56 1,828+294 1,781+300 1,754+285 1,723+264 1,680+257 0.007 0.003
Salt intake (g/d)
Men (y)
40-49 149  12.37+3.01 1163256 12.18+2.56 11.92+2.19 11.67+2.48 0.060 0.098
50-59 192 13.04+324 1219+2.87 1254276 1246+275 1219252 0.020 0.026
60-69 140  13.11+3.69 1225287 1252+269 12.28+2.58 11.72x2.74 0.003 0.001
70-79 63 12.41+£3.09 11.93+x260 11.73%x259 11.50+244 11.23+2.74 0.146 0.010
Women (y)
40-49 156 10.28+2.46 981+185 10.17x200 10.39*+1.74 9.95+2.02 0.086 0.899
50-59 174 10.83+2.44 10.22+2.02 10.80+2.16  10.48+1.92 10.86+2.58 0.028 0.560
60-69 126 10.76+x2.43 10.36%x2.29 10.85%x231 10.60+1.80 10.32%2.25 0.237 0.311
70-79 56  10.81%£2.97 10.14+249 1048+2.38 1019+228 10.04+2.17 0.469 0.157

*Aga groups were categorized according to the age at first participation.
PANOVA =one-way analysis of variance. :

pressure of participants at first participation are shown
in Table 1. Mean age of study participants was 56.5+9.3
years for men and 55.8+9.4 years for women. Average
daily salt intake was 12.8+3.3 g/day in men and 10.6 £2.5
g/day in women; energy intake was 2,382.4+405.1 kcal/
day in men and 1,940.0+308.7 kcal/day in women.

Most dietary intakes were higher in men than in
women, although intakes of several food items, including
fruit, milk, and confectioneries, were higher in women

846  June 2011 Votume 111 Number 6

(data not shown). Mean dietary intake was close to the
data of the National Nutrition Survey (7), which indi-
cated that the diet of this sample was comparable to that
of average Japanese subjects.

Mean energy and salt intake according to age group
from the first to fifth study waves are shown in Table 2.
Mean energy intake was decreased in men and women in
all age groups in the first to fifth study waves (analysis of
variance P<0.05, trend P<0.05). Mean salt intake from
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Table 3. Mixed-effects regression analyses of main effects of sait intake (g/day) for 8 years® in Japanese Longitudinal Study of Aging

Maodel 1° Model 2°

Variable F P value F P value
Men (n=544)

Study wave (5 categories)® 28.07 <0.001 5.21 0.023
Age group (4 categories)® 21 0.089 3.80 0.010
Interaction of study wavexage group 0.97 0.406 0.32 0.813
Energy intake (kcal/d) _ — 631.20 <0.001
Women (n=512)

Study wave (5 categories)? 3.46 0.063 1.69 0.194
Age group (4 categeries)® 1.41 0.238 3.16 0.024
Interaction of study waveXage group 1.02 0.382 1.05 0.370
Energy intake (kcal/d) —_ — 617.17 <0.001

“Nodel 2: Mode! 2 included energy intake into the covariates in model 1.
SFive categories: First to fifth study-waves.

SEight years was the entire follow-up period in individuals from first to filfth study waves.
Model 1: Study-wave, age group, and interaction of study-wave>:age group were entered into the mixed-mode! analyses.

SFour categarles: 4 age groups (40-49, 50-59, 60-69, 70-79 years) were categorized according to age at first participation.

the first to fifth study waves decreased among 50- to
59-year-old and 60- to 69-year-old men (analysis of vari-
ance P<0.05, trend P<0.05). In men, salt intake at each
study wave was higher among 50- to 59-year-olds and 60-
to 69-year-olds than in 40- to 49-year-olds and 70- to
79-year-olds. There was no consistent change in salt in-
take in women across each age group or study wave.

The mixed-effects regression analyses of the main ef-
fects of salt intake for 8 years are shown in Table 3. The
main effect of study wave was statistically significant,
and after adjustment for energy intake, the main effects
of study wave and age group in men and age group in
women were significant.

Estimated linear changes in salt intake for 8 years by
age group were estimated according to the slope of salt
intake. Among men, the slope of salt intake (grams/day)
per study wave declined by age group with values of
0.15 g among 40- to 49-year-olds (P=0.057), 0.19 g among
50- to 59-year-olds (P=0.007), 0.32 g among 60- to 69-
year-olds (P<0.0001), and 0.29 g among 70- to 79-year-
olds (P=0.017), respectively. Because each study wave
was conducted for 2 years, mean salt intakes in men
decreased 0.08 g/year among 40- to 49-year-olds, 0.09
g/year among 50- to 59-year-olds, 0.16 g/year among 60-
to 69-year-olds, and 0.14 g/year among 70- to 79-year-
olds. For women, the slope of salt intake (grams/day) per
study wave among 70- to79-year-olds showed a decline
toward a lower intake of 0.17 g or 0.08 g/year, although
this value was marginally significant (P=0.098).

Estimated linear changes in salt intake by age group
after adjusting for energy intake are shown in the Figure.
In men, a 0.14-g per study wave decline was observed
among 60- to 69-year-olds, which represented a decline of
0.07 g/year (P=0.049). In women, a 0.13-g per study wave
increase was observed among 50- to 59-year-olds, which
represented an increase of 0.06 gfyear (P=0.015).

DISCUSSION

Eight-year longitudinal data showed that the trends in
salt intake declined in men from age 40 to 79 years and in
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women from age 70 to 79 years among community-dwell-
ing middle-aged and elderly Japanese subjects. After ad-
justing for energy intake, the trends in salt intake de-
clined among 60- to 69-year-old men; on the other hand,
among 50- to 59-year-old women, the trend in salt intake
increased, This is the first longitudinal study to assess
trends in salt intake stratified by age group categorized
according to the age at first participation in the study
among middle-aged and elderly Japanese people.

The slope of salt intake by age group declined from 0.08
gl/year in 40- to 49-year-olds to 0.16 g/year in 60- 69-year-
olds in men and 0.08 g/year in 70- to 79-year-olds in
women. Moderate reductions in salt intake decrease
systolic blood pressure (13). Intervention trials have
shown that sodium reduction lowers blood pressure by
1.7 mm Hg/1 g/24 hour (2), and that increases in so-
dium intake by 11.7 g/day elevated 24-hour systolic
blood pressure by 9 mm Hg among patients with hy-
pertension (14). These studies support the effectiveness
of salt restriction in the treatment of hypertension. The
World Health Organization has estimated that reduc-
ing dietary sodium intake by 50 mmol (2.9 g salt) per
day would lead to a 22% reduction in the number of
deaths from stroke and a 16% reduction in deaths from
coronary heart disease (15).

To estimate changes in blood pressure in this study, we
performed subanalyses to examine linear changes in sys-
tolic blood pressure or diastolic bleod pressure for 8 years
by age group. In both men and women, the slope of
systolic or diastolic blood pressure per study wave did not
significantly decline in any age group (data not shown). In
addition, the association between blood pressure and salt
intake for 8 years, analyzed by the mixed effect model,
was not statistically significant in any age group. Exces-
give salt intake is a known risk factor for hypertension,
although several other risk factors, including age, body
weight, and alcohol consumption, are also risk factors for
hypertension (16). In this study, absolute salt intake de-
clined in all age groups; however, the amount of salt
reduction in this study might be too small to change blood
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Energy adjusted salt intake {g/day)

140 -
130 -
Slope p
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-0.05 0.514
120 - B—50%9y 010  0.114
—8—60-69 y -0.14 0.049
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10 - - - e
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Figure. Estimated linear changes in energy adjusted for salt intake for 8 years® by age groups in the Japanese Longitudinal Study of Aging. °Eight
years was the entire follow-up period in individuals from first to fifth study waves.

pressure. In addition, blood pressure may have been af-
fected by the other above-mentioned risk factors.
Several factors are thought to contribute to the decline
of salt intake seen in this study. First, obesity has grad-
ually increased among Japanese men and middle-aged
women; in parallel, metabolic syndrome, especially in
men, has become a public health issue (17). The Japanese
government developed a standard program to reduce vis-
ceral cbesity that included weight control with restriction
of total amounts of food intake (18). The decline of salt
intake is mainly achieved by a decline in the quantity of
food in the whole diet. Furthermore, Dietary Reference
Intakes for Japanese and Healthy Japan 21 proposed by
the Japan Ministry of Health, Labor, and Welfare recom-
mend restricting dietary salt intake to <10 g/day for men
and <8 g/day for women to achieve antihypertensive ef-
fects (19,20). Data on the importance of salt restriction
are spread by public health practices and health educa-
tion, and may have contributed to the decrease in salt
intake over time seen in this study. In terms of salt
consumption, “Food for special dietary uses” designated
by the Japan Ministry of Health, Labor, and Welfare, is
becoming more popular in Japan. New low-salt products
such as low-salt soy sauce and low-salt miso have become
available. These new products are essential, as soy sauce
and miso are staple seasonings in Japanese cuisine. In
the International Collaborative Study of Macronutrients,
Micronutrients and Blood Pressure study (1), it was re-
ported that sodium intake among Japanese mainly came
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from soy sauce, commercially processed fish/seafocd,
salted soups, and preserved vegetables (1). In addition,
salt was usually added during home cocking and at the
table. In our study, salt intake was assessed by a 3-day
diet record. Trained registered dietitians estimated the
weight of salt within the dish from diet records and pho-
tographs. All food sources, including commercial foods in
the diet records, were coded. Thus, we could not examine
changes in salt from food sources for methodologic rea-
sons. In addition, Westernization of the Japanese diet
during the past five decades might have led to reduced
salt intake—the Japanese diet has dramatically changed
from a traditional Japanese diet containing high-salt
baked fish, miso soup, and Japanese pickles to a West-
ernized diet that contains less salt (21).

Mean energy intake from the first to fifth study waves
was decreased in all age groups in both men and women,
indicating that the total amount of food intake decreased
with age. To eliminate the effects of total amount of food
intake on salt intake, adjustment for energy intake was
performed. Results showed that the trend of energy-ad-
justed salt intake declined only among male participants
aged 60 to 69 years. This means that a tendency to
decrease salt intake was strong in this generation. The
reason for this finding may be that the prevalence of
circulatory disease, as represented by hypertension, is
high among Japanese men aged 60 to 69 years (22). Thus,
these participants might make a conscious effort to re-
strict salt intake.



On the other hand, among women aged 50 to 59 years,
the trend of energy-adjusted salt intake increased. This
may imply that women aged 50 to 59 years prefer a
saltier diet. Losses in both taste and smell occur during
the normal aging process and with various diseases
(23,24). In particular, the ability to recognize salty and
bitter tastes is reported to decline with age, whereas the
perception of sweet and sour tastes does not typically
decline (25). Elderly male and female subjects have been
shown to prefer higher concentrations of salt in cross-
sectional studies (26-28). Higher salt intake among
wamen aged 50 to 59 years might be caused by a decline
in the perception of the taste of salt as well as an in-
creased preference for salt (26,29-31). Considering that
the mean age of mencpause among Japanese women is
50.5 years (32), and the association between salty taste
preferences and hypertension becomes stronger in
women aged 50 years and older (33), it is possible that
advising women older than age 50 years to reduce salt
consumption might be an effective public health initia-
tive.

Absolute salt intake was decreased among all age
groups from the 40s to 70s in men and among 70- to
79-year-old women, but it did not reach the recommended
dietary salt intake of <10 g/day for men and <8 g/day for
women (19,20). The Dietary Reference Intakes for Japa-
nese in 2010 (34) suggested greater restrictions in the
upper recommended limit of salt intake—that is, 9 g/day
for men and 7.5 g/day for women. Salt intake is still high
in Japan, and promotion of salt restriction is important.
Nutrition habits formed during childhood are difficult to
change among elderly people, who prefer to stick to old
customs (35). For example, strict restriction of salt intake
from about 13 g/day (the mean salt intake in Japan) down
to 6 g/day was thought to cause loss of appetite and
decrease quality of life in elderly people (3). Therefore, it
has been recommended that salt intake be initially re-
stricted to below 10 g/day, and then slowly decreased
thereafter (3). To prevent higher salt intake by elderly
people, it may be useful to encourage a taste for less salt
in childhood so that better dietary habits can be more
easily carried over into adulthoed.

Our study had several limitations. Eight years was too
short a period to investigate trends in salt intake. How-
ever, because data from this study are drawn from NILS-
LSA, a population-based prospective cohort study, future
analyses will be able to examine ongoing trends in salt
intake. In addition, adjustment for a wide range of poten-

tial confounding variables, including a history of hyper- .

tension, medications, or dietary interventions, was not
performed. Because seniors are thought to have a higher
incidence of these factors than younger participants, this
lack of adjustment could have affected our results. In a
subanalysis, we estimated linear changes in salt intake
by age group after adjusting for a history of hypertension
at first participation, and findings in this study did not
change (data not shown). Drewnowski and colleagues (36)
reported that factors other than salt preferences, includ-
ing concerns about nutrition and health, might influence
dietary salt consumption. Further analyses are needed to
adjust for potential confounding variables that may affect
salt intake.

One strength of our study was that it assessed trends of
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salt intake in the same population stratified by age
groups. To the best of our knowledge, there are no longi-
tudinal data that assess salt intake. Furthermore, our
data have the advantage of investigating mean daily salt
consumption using a 3-day diet record with photographs.
The dietary study protocol has not changed from the
baseline study, and most of the trained registered dieti-
tians remained on board. The degree of agreement in
dietary coding of salt intake between dietitians was high
(data not shown), and the registered dietitians meet twice
a month to adjust for differences of dietary coding based
on a 3-day dietary record from the baseline survey. In
addition, the average salt or dietary intake in the present
study was similar to that given in Japanese participants
aged 40 to 59 years in the International Collaborative
Study of Macronutrients, Micronutrients and Blood Pres-
sure (1) or the National Nutrition Survey in Japan (7).
Therefore, our results may be more applicable in commu-
nity-dwelling middle-aged and elderly subjects.

Another strength is that salt intake was analyzed by
age group. Food consumption and nutrient intake among
Japanese have changed during the past 5 decades. For
example, Westernization of the Japanese diet has led to
decreased consumption of carbohydrates and increased
consumption of fat and meat (7,8). In addition, age dif-
ferences in diet have been reported (9,10), with fat den-
sity (per 1,000 kcal energy intake) among older age
groups showing a declining trend (10). In fact, food con-
sumption was different among age cohorts in our sub-
jects. Among both men and women, older age groups
tended to eat more vegetables, fruits, dairy products, and
fish, and less meats and fats compared with younger age
groups (data not shown). Salt intake at each study wave
was higher among those aged 50 to 59 years and 60 to 69
years than those aged 40 to 49 years and 70 to 79 years.
Because dietary content differs between generations, it is
essential to examine data separated by age groups to
understand trends in salt intake among Japanese sub-
jects.

CONCLUSIONS

Eight-year longitudinal data showed that the trend of
absolute salt intake declined among all age groups from
the 40s to 70s in men and among those aged 70 to 79
years in women. However, the increased focus on reduc-
ing energy intake has resulted in only a modest decrease
in salt intake. Although we observed a decline, salt intake
still exceeded recommended levels. Efforts that focus on
salt reduction are needed to address this important pub-
lic health problem.
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Spatiotemporal components of
the 3-D gait analysis of
community-dwelling middle-aged

and elderly Japanese: Age- and
sex-related differences

Wataru Doyo,' Rumi Kozakai,' Heung-Youl Kim,"' Fujiko Ando'?* and
Hiroshi Shimokata'

'Department of Epidemiology, National Institute for Longevity Sciences, National Center for Geriatrics
and Gerontology, Obu, and *Department of Health Science, Faculty of Medical Welfare, Aichi
Shukutoku University, Nagoya, Aichi, Japan

Aim: To describe age- and sex-related differences in gait patterns of community-living
men and women using 3-D gait analysis.

Methods: Subjects (n =2006) aged 40-84 years participated in the National Institute for
Longevity Sciences-Longitudinal Study of Aging (NILS-LSA). Spatiotemporal compo-
nents, including velocity, step length, step frequency, and double support time during a
gait cycle, were calculated from 3-D coordinates and vertical force data. Velocity, step
length and step frequency were normalized by leg length and acceleration due to gravity,
and double support time was normalized to gait cycle duration.

Results: Spatiotemporal walking variables of brisk velocity and step length were signifi-
cantly greater in men than in women, while comfortable velocity and comfortable and brisk
step frequencies and double support times were greater in women than in men. Age-
related changes were marked at 70-84 years in most spatiotemporal variables in both sexes
during comfortable walking. During brisk walking, age-related changes were observed
from a younger age than during comfortable walking, and there were sex-related
differences.

Conclusion: The age-related gait alteration was obvious among those aged 70 years and
older, and it accelerated markedly in women’s brisk walking intensity. Geriatr Gerontol
Int 2011; 11: 39-49.

Keywords: aging, gait, sex, velocity, walking.
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Introduction

Age-related impairment of ambulatory ability is a critical
component for inhibiting activities of daily living (ADL).
For instance, decreased gait velocity observed in elderly
is an indicator of common distinct diseases'* and falls,>*
which lead to functional dependence”™ or death.'?
The prevalence and incidence of gait disorders increase
with age in elderly persons.”'* The early presence of
dynamic postural stability may provide more essential
information for preserving adequate mobility, delaying
the onset of functional decline and encouraging early
appropriate lifestyle changes to promote active healthy
aging‘6,8,10,11,15

Previous studies examined age-related changes in
spatiotemporal gait parameters including velocity, step
length, step frequency (cadence) and selected stride
time variables (single and double support time and
swing time).”#!%1¢2 These performance-based gait
variables were often measured by a 3-D gait system
that computes the motions of the body center of mass
(COM) and each segment, which can accurately evalu-
ate the control of dynamic balance during walking.”*
The COM velocity on the 3-D gait system identified
the effect of age on older gait in limited comparison
between young and older groups.”*?¢ It showed that
the 3-D analyses conducted have not determined from
which age group the accelerated decline of gait started.
The collection of data using a large sample size with a
broad age range could resolve the issue.

Age-related gait studies have recruited either men or
women, or both sexes have been analyzed together: a
few studies previously focused on sex-related changes
on gait pattern with advancing age. Callisaya et al.®
revealed the effects of sex and age on gait velocity in
elderly men and women aged 60-86 years. The results
of other studies of various age ranges and groups'”'*%
to determine which sex shows an earlier age of acceler-
ated gait velocity decrease have differed. The con-
flicts may partly depend on the sampling and subject
characteristics.

Therefore, to understand the aging process in gait
measures across the adult lifespan, a large sample size
ranging from young or middle-aged to elderly men and
women should be warranted. We decided to reinvesti-
gate the previous findings. In the present study, the gait
of elderly subjects was investigated based on comfort-
able and brisk spatiotemporal gait parameters with a
3-D gait analysis system; a large number of subjects
were recruited. We found the age-related changes in gait
by sex among middle-aged and elderly men and women
in Japan. This may contribute to a beneficial effect on
assessing gait in elderly people and making an adequate
walking exercise program suitable for targeted age
groups.
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Methods

Study sampling

The present gait analysis is part of the third phase of the
National Institute for Longevity Sciences Longitudinal
Study of Aging (NILS-LSA); this study includes
medical, physiological, nutritional and psychological
examinations. The study began in November 1997 (the
first phase), and the third phase lasted from May 2002 to
May 2004. The subjects were age- and sex-stratified
random samples of the population, aged 40-84 years,
who lived in Obu-shi and Higashiura-cho, Aichi, Japan.
These participants were chosen from the residents reg-
istered with local governments. All subjects lived or had
lived at their home in the community and had Japanese
nationality.”® The NILS-LSA was approved by the
Ethics Committee of the National Center for Geriatrics
and Gerontology. Details of the NILS-LSA have been
previously published.?$%*

Of 2378 men and women aged 40-84 years in the
third phase examination, 1017 men and 989 women
(84.2% of all participants, Table 1) completed the
walking tests and were included in the present analysis.
The participants also completed a structured question-
naire dealing with their socioeconomic characteristics,
cardiovascular risk factors and medical history.?®
Exclusion criteria included a current medical history of
arthritis®® and fractures (musculoskeletal disorders),*
stroke' and Parkinson’s disease (neurological disor-
ders),** and ischemic heart disease and chronic bron-
chitis (Table 1).** These diseases were checked and
excluded as the possible cause of gait disorders or spa-
tiotemporal gait parameter changes by a physician
before the walking tests. One participant who was diag-
nosed with dementia was excluded because she had a
limited ability to comprehend or execute the test, which
was judged by a physician. The existence of walking
difficulty in activities of daily living (ADL)*'* was also
excluded (Table 1). The participants who met the
above-mentioned requirements and could walk 10 m
independently without a walking aid were included in
the current gait analysis and therefore 372 participants
of the third phase examination were totally excluded.

Protocol

All participants wore short-sleeved T-shirts and shorts
for testing. Shoes were made from the same material
that had a vinylon/polyester and cotton blended upper
part and a urethane foam outsole (Moonstar, Fukuoka,
Japan), and were selected to exactly fit each participant’s
feet. Ten 2.5-cm diameter optical markers were placed
on the participants’ left and right sides on the fifth
metatarsal heads, the lateral malleoli, the lateral epi-
condyles, and one-third of the way along the straight
lines from the greater trochanters to the anterior

© 2010 Japan Geriatrics Society



Gait in middle-aged and elderly Japanese

Table 1 Inclusion/exclusion characteristics of 2378 participants in the third wave examination of the National
Institute for Longevity Sciences-Longitudinal Study of Aging (NILS-LSA), 2002-2004
Characteristics Men Women
Inclusion (n = 2006)
Total (n (%)) 1017 (50.7) 989 (49.3)
Age group (n (%))t
40s 250 (12.5) 279 (13.9)
S0s 302 (15.1) 265 (13.2)
60s 250 (12.5) 242 (12.1)
>70 215 (10.7) 203 (10.1)
Exclusion (n = 372)
Total (n (%)) 187 (50.3) 185 (49.7)
Prevalence of disease (1 (%))
Stroke 42 (22.5) 23 (12.4)
Ischemic heart disease 41 (21.9) 41 (22.2)
Chronic bronchitis 7 (3.7) 3(1.6)
Arthritis 26 (13.9) 56 (30.3)
Fracture 5(2.7) 6(3.2)
Dementia - 1(0.5)
Parkinson’s disease 3(1.6) -
Walking difficulties in ADL (n (%)) 50 (26.7) 54 (29.2)
Not completed walking test (n (%)) 55 (29.4) 53 (28.6)

ty2-Test test examines significance among each age group and sex. Values are numbers (% of total at each inclusion/exclusion

category) of samples. ADL, activities of daily living.
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Figure 1 Setup of 3-D gait system: the 10-m walkway consisted of a wooden walkway. Six cameras were placed at various
positions and two force platforms were embedded in the center of the walkway. Double support time in pre-swing phase of

right foot was measured in this setting.

superior iliac spines and the acromions.** The subjects
walked on a 10-m walkway at two speeds: (i) at a self-
selected pace (comfortable walking); and (ii) as fast as
possible without running (brisk walking). Each pace was
repeated approximately twice on average. The walkway
consisted of a tiled floor and a wooden walkway along
the corridor (Fig. 1). The surface of the wooden
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walkway was covered with gray-colored, thin, stiff
rubber, which measured 0.036 m in height from the
tile floor surface of the corridor. Force platforms
(0.6 m x 0.4 m) (9286; Kistler Instrumente AG, Winter-
thur, Switzerland), with surface colors similar to those
of the walkways, were embedded in the center of the
wooden walkway. The starting point for each trial was

| 41



W Doyo et al.

initial contact mid stance terminal starnce pre swing to next contact
GRF vectors
| | ] 1
double support single support double support

stance

5th metatarsal head marker
swing

Figure 2 Definition of gait cycle using ground reaction force (GRF) and the fifth metatarsal head marker.

selected in relation to the foot contacts on the force
platforms. The distance from each starting and depar-
ture point to the force platforms was approximately
3.5-4.5m. One trial each of comfortable and brisk
walking was used in the data analysis. The trials used
were those that lacked the least data.

The Vicon 370 system (Oxford Metrics Ltd, Oxford,
UK), which consisted of six cameras, was used to obtain
the 3-D coordinates of the trunk, thighs, shins and feet.
The calibration residual at each camera was set below
1.0 mm. The data were processed using a custom
routine that was programmed by the Clinical Gait
Analysis Forum of Japan.* The raw coordinate data at
60 Hz were digitally filtered with a fourth-order, zero-
lag, Butterworth filter” with a cut-off at 5 Hz, and the
raw ground reaction force data at 1200 Hz were digitally
filtered with a cut-off at 10 Hz. The force data were
interpolated to correspond with the coordinate data to
synchronize the datasets. Smoothed coordinates of the
lower extremities were used to construct a rigid link-
segment model.”* Segment masses and inertial proper-
ties were determined using previously reports® and the
participants’ mass and height, which were used for cal-
culating COM.

Gait cycle and walking variable calculation

SAS ver. 9.1.3.% was used to automatically identify gait
event times and each phase of the gait cycle based on
kinematic and kinetic gait data. The divisions of the gait
cycle are shown in Figure 2.*° The gait event times for
initial contacts and toe off were determined using ver-
tical force data and the vertical motion of the optical
marker on the fifth metatarsal head. The period from
the first right initial contact to ipsilateral second initial
contact was one gait cycle.®

Both the right and left leg motions were captured, and
primarily the right stride was analyzed. Left leg motion
was used for calculating the step length and double
support times. The mean COM velocities, step lengths,
step frequencies and double support times during a gait
cycle were also automatically computed by SAS. The
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double support time was defined as the duration of time
during which each foot was on the ground in the pre-
swing phase. The mean COM velocity, step length, and
step frequency were normalized as proposed by Hof*" as
follows:

v

Jeb'

Normalized COM velocity, 9 =

Normalized step length, = Zi—,
- ro S
Normalized step frequency, f = —L—,
p frequency, f Toh
where v is actual mean COM velocity, Iy is the leg length
of each subject, | is the actual step length, fis the actual
step frequency and g is the acceleration due to gravity
(9.81 m/s?). Leg length was measured from the ground
to the greater trochanter during quiet standing. Patients
with arthritis and fracture were excluded (Table 1), and
no case of limited knee extension was observed in the
present study. The double support time was also nor-
malized by each subject’s cycle duration, from right
initial contact to next right initial contact (over one gait
cycle).

For the calculation of walking variables, technical
difficulties sometimes caused missing data due to the
effect of occlusion while capturing motion. Thus, for
example, the mean COM velocity over the gait cycle was
calculated using data from 1716 men and women (85.5%
of the total sample) during comfortable walking and
using data from 1614 men and women during brisk
walking (80.4%). To demonstrate the lack (or presence)
of bias with respect to velocity data loss, the Student’s
t-test was used to compare the velocity between the
group with all available data and that with data available
only in the velocity category. The results showed that the
velocities were not significantly different between the two
groups, and this was confirmed for all walking variables.

Statistical analyses

All analyses were performed using SAS ver. 9.1.3. Sex
differences were examined using the Student’s #-test.
For analysis of age differences, participants were divided
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into eight groups based on sex and age (40-49, 50-59,
60-69 and 70-84 years for each sex). Trends in differ-
ences across all age groups in the walking variables were
tested using the General Linear Model (GLM), and dif-
ferences by age group were tested using the Tukey-
Kramer method for each sex. P < 0.05 was considered
statistically significant.

Results

The proportion of the sample drawn from each age
group and each sex group was the same (y’-test,
P>0.05). The mean *standard deviation age was
58.1+11.4years in men and S58.7+11.4years in
women, which was not significant (P > 0.05).

The results of the GLM and Tukey-Kramer tests
revealed age-related changes in each age and sex group.
Descriptive statistics for all values are shown in Tables 2
and 3 and Figure 3. Mean COM velocities during com-
fortable and brisk walking significantly decreased with
age in both sexes (P < 0.001). Age-related changes in the
comfortable COM velocity were marked in the 70-84-
year group compared with other age groups. Similar
changes were found in the brisk COM velocity. The step
lengths and frequencies followed these COM velocity
patterns in both sexes during both comfortable and
brisk walking.

These age-related changes occurred earlier in the
middle-aged group. Earlier patterns involving brisk gait
parameters were more apparent in women: for example,
the brisk COM velocity decreased at 60-69 years in men
and at 50-59 years in women, then the decrease accel-
erated at 70-84 years (Tables 2,3, Fig.3). The step
length and frequency followed these COM velocity pat-
terns. The double support time during pre-swing was
significantly increased with age only at the women’s
comfortable walking pace; it was significantly longer in
the 70-84-year group compared to other age groups
(Table 3, Fig.3). The men’s double support times
showed no significant age-related differences among age
groups (P for trend >0.05, Fig. 3).

Descriptive statistics and the results of sex differ-
ences for gait parameters are depicted in Table 4. The
results of mean COM velocity differed according to
walking pace: the comfortable COM velocity was sig-
nificantly faster in women than in men (P<0.001),
and the brisk COM velocity was significantly faster in
men than in women. Step length pattern was similar to
COM velocity pattern: the brisk step length was longer
in men than in women (P <0.001), but the comfort-
able step length was not significantly different. On the
other hand, women had a higher step frequency
during both walking paces (P < 0.001). The results of
the pre-swing double support time were equal to the
step frequency.
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Discussion

Mobility is essential for independence in the elderly. A
better understanding of age-related changes in gait pro-
vides useful information for appropriate intervention
programs targeting specific age groups.® The present
cross-sectional, descriptive study showed spatiotem-
poral components of gait over one gait cycle among
community-living middle-aged and elderly Japanese
subjects. The sample of 1017 men and 989 women was
large enough to allow analysis by age group,'” and, to
the best of our knowledge, the sample size is the largest
to be published in which gait characteristics have been
analyzed using a 3-D gait system. There was no dispro-
portionate lack of gait data caused by difficulties in
capturing the 3-D coordinates.

Mean COM velocities decreased with age, which is in
almost complete agreement with previous results,
despite the use of different measurement equipment
and instrumentation.'®**#?° The age-related decreases
in the normalized COM velocities accelerated at
70 years and over were noted at a relatively later age
compared with the previous reports: they showed
the accelerated decline occurred in 50-59- and 60-69-
year age groups,'” at 62 years," between 60- and 70-year
age groups,” and at 65 years and in the 67-73-year
age group.” The differences in age of accelerated
decline among the previous and the present findings
were likely due to the differences in method and data
characteristics.

The brisk COM velocity decreases advancing with age
were earlier compared with the comfortable walking.
Some previous studies showed the age-related decrease
was independent of walking pace,’*?® while another
reported that the decrease depended on the pace.” In a
report by Bohannon on the comfortable and maximum
walking speeds of adults aged 20-79 years,” walking
speed was found to be influenced by the interaction of
pace and age. This result matched our present findings
that the age-related decrease was clearer during brisk
walking than during comfortable walking. Moreover,
these earlier age-related declines in the brisk COM
velocities were apparent in women. Some studies
reported that the critical age for marked velocity
decrease did not differ by sex,'®'® while another found
the critical age to be earlier in men.'” However, Callisaya
et al.® showed women’s walking velocity to be an earlier
age-related change compared to men’s parameters
during the preferred speed of walking among the sub-
jects aged 60 years and older. These results are in agree-
ment with our own, though our data was particularly
strong in the brisk parameters across middle-aged and
elderly persons. The brisk walking task required greater
forward momentum and increased demands in muscle
activity®***40 and aerobic capacity®**! might alter the
spatiotemporal gait parameters accompanying aging.
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Table 2 Men’s normalized mean COM velocities, step lengths and frequencies and double support times during comfortable and brisk walking in each

age group

Men: walking
parameters

Mean COM velocity

Step length

Step frequency

Double support times

(pre~-swing)

by age group N  Mean SD 95% CI N  Mean SD 95% CI N  Mean SD 95% CI N Mean SD 95% CI
Comfortable walking
40s 211 0.524 0.053 0.517-0.531 240 0.892 0.065 0.884-0.900 207 0.587 0.043 0.582-0.593 208 14.8 1.5 14.6-15.0
50s 266 0.527 0.059 0.520-0.534 289 0.897 0.076 0.888-0.906 259 0.590 0.042 0.585-0.595 249 14.8 1.5 14.6-14.9
60s 218 0.523 0.067 0.514-0.532 240 0.901 0.089 0.890-0.913 215 0.583 0.046 0.577-0.589 205 14.5 1.6 14.3-14.7
70— 186 0.485 0.070 0.475-0.495 213 0.859 0.096 0.846-0.872 185 0.569 0.047 0.562-0.576 177 152 2.0 14.9-15.5
P for trendt <0.001 <0.001 <0.001 NS
(Tukey-Kramer test)¥  40s, 50s, 60s >70~ 40s, 50s, 60s >70- 40s, 50s, 60s >70- NA
Brisk walking
40s 190 0.705 0.078 0.694-0.716 229 0.998 0.074 0.989-1.008 180 0.707 0.070 0.696-0.717 173 133 6.0 12.4-14.2
50s 235 0.699 0.082 0.688-0.709 272 0.998 0.088 0.987-1.008 214 0.697 0.064 0.688-0.70S 209 133 5.6 12.6-14.1
60s 191 0.678 0.079 0.667-0.690 237 1.000 0.094 0.988-1.012 185 0.685 0.066 0.676-0.695 180 13.4 5.0 12.6-14.1
70~ 182 0.618 0.092 0.605-0.631 203 0.946 0.100 0.932-0.960 177 0.657 0.066 0.647-0.667 169 14.1 2.1 13.8-14.4
P for trend® <0.001 <0.001 <0.001 NS
40s, 50s, 60s >70~ 40s > 60s > 70-., 50s > 70~ NA

(Tukey-Kramer testy* 40s > 60s > 70~., 50s > 70—

TTrend tests examine main effects of age in each gait parameter. ¥Tukey-Kramer tests examine the significant difference among each age group. >" indicates the significant
difference between the age groups, with P-value is less than 0.5. Values are numbers of samples (N), means (Mean), standard deviations (SD) and 95% confidence intervals
(95% CI) at each variable. Age group: 40s, 4049 years age group; 50s, 50-59 years age group; 60s, 60-69 years age group; 70—, 70-84 years age group. COM, center of

mass; NS, not significant; NA, not applicable.
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Table 3 Women's normalized mean COM velocities, step lengths and frequencies and double support times during comfortable and brisk walking in

each age group

Women: walking

Mean COM velocity

Step length

Step frequency

Double support times

parameters (pre-swing)

by age group N  Mean SD 95% CI N  Mean SD 95% CI N  Mean SD 95% CI N  Mean SD 95% CI

Comfortable walking
40s 228 0.542 0.060 0.535-0.550 267 0.905 0.072 0.896-0.913 223 0.602 0.044 0.596-0.608 212 149 1.7 14.7-15.2
50s 224 0.547 0.066 0.538-0.556 252 0.902 0.082 0.891-0.912 219 0.607 0.051 0.600-0.614 214 149 1.7 14.7-15.1
60s 210 0.536 0.064 0.527-0.544 236 0.890 0.079 0.880-0.900 207 0.602 0.045 0.596-0.608 189 15.0 1.9 14.8-15.3
70— 173 0.472 0.071 0.461-0.483 189 0.833 0.093 0.820-0.847 169 0.570 0.051 0.562-0.578 148 15.8 1.9 15.5-16.1

P for trendt <0.001 <0.001 <0.001 <0.001

(Tukey—Kramer test)¥ 40s, 50s, 60s >70- 40s, S0s, 60s >70- 40s, 50s, 60s >70- 70-> 60s, 50s, 40s

Brisk walking
40s 216 0.702 0.072 0.692-0.711 269 0.972 0.070 0.963-0.980 210 0.728 0.071 0.719-0.738 201 13.9 1.6 13.7-14.2
50s 215 0.675 0.080 0.665-0.686 252 0.960 0.087 0.950-0.971 212 0.706 0.073 0.696-0.715 209 142 1.7 13.9-14.4
60s 212 0.653 0.072 0.643-0.662 230 0.941 0.085 0.929-0.952 209 0.696 0.072 0.687-0.706 199 142 1.8 14.0-14.5
70- 173 0.577 0.084 0.565-0.590 187 0.890 0.109 0.875-0.906 163 0.651 0.064 0.562-0.578 157 143 8.8 12.9-15.7

P for trend? <0.001 <0.001 <0.001 NS

(Tukey-Kramer test)¥ 40s > 50s > 60s > 70~ 40s > 60s > 70-., 50s > 70— 40s > 50s, 60s > 70~ NA

fTrend tests examine main effects of age in each gait parameter. ¥Tukey-Kramer tests examine the significant difference among each age group. *>' indicates the significant
difference between the age groups, with P < 0.05. Values are numbers of samples (N), means, standard deviations (SD) and 95% confidence intervals (95% CI) at each
variable. Age group: 40s, 40-49 years age group; S0s, 50-59 years age group; 60s, 60-69 years age group; 70—, 70-84 years age group. COM, center of mass; NS, not
significant; NA, not applicable.
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Mean COM velocity, comfortable Mean COM velocity, brisk
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Figure 3 Age-related differences (trend tests and Tukey-Kramer tests); means and 95% confidence intervals of normalized

mean center of mass (COM) velocities ((m/sec)/ ,/((m/sec2)xm)) and double support times (s/s) during comfortable and brisk
walking in men and women. Significant differences by age group in men and women are noted on the upper side of each
figure. *>" indicates the significant difference between the age groups, with P-values of <0.05.

Table 4 Normalized mean COM velocities, step lengths and frequencies and double support times during
comfortable and brisk walking among men and women

Walking parameters Men Women P-valuet
N  Mean SD 95% CI N  Mean SD 95% CI
Comfortable walking
Mean COM velocity 881 0.516 0.064 0.512-0.521 835 0.527 0.071 0.523-0.532 <0.001
Step length 982 0.889 0.083 0.883-0.894 944 0.886 0.085 0.881-0.891 NS
Step frequency 866 0.583 0.069 0.580-0.586 818 0.597 0.045 0.593-0.600 <0.001

Double support time (pre-swing) 839 14.8 1.7 14.7-14.9 763 15.1 1.8 15.0-15.2  <0.001
Brisk walking

Mean COM velocity 798 0.677 0.089 0.671-0.683 816  0.656 0.089 0.650-0.662 <0.001
Step length 941 0.987 0.092 0.981-0.993 938 0.945 0.092 0.939-0.951 <0.001
Step frequency 756 0.687 0.075 0.682-0.692 794 0.698 0.049 0.693-0.703 <0.001

Double support time (pre-swing) 731 13.5 5.0 13.2-13.9 766 14.2 4.3 13.9-14.5  <0.01

TStudent r-tests examine the sex differences. Values are numbers of samples (N), means, standard deviations (SD) and 95%
confidence intervals (95% CI) at each variable. COM, center of mass; NS, not significant.

Further investigation should have discussed the than that in the step frequency compared with comfort-
difference between comfortable and brisk walking able walking. For example, women'’s brisk step length
parameters. 3424 decrease was 8.4% across middle-aged and elderly

Age-related step length decreases during comfortable groups compared with their step frequency decrease of
and brisk walking were almost concomitant with the 10.7% (Table 3). This was observed also in men’s. This
COM velocity decreases, which was similar to the pre- may suggest that ambulatory ability observed in the
vious findings.’**® In brisk walking, however, age- COM velocity may be caused more by the step length
related reduction in the step length seemed to be smaller during comfortable walking and the step frequency
46 | © 2010 Japan Geriatrics Society

125



