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Six~year longitudinal changes in body composition of
middle-aged and elderly Japanese: Age and sex differences in
appendicular skeletal muscle mass
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Aim: Little is known about longitudinal changes of body composition measured by dual-energy X-ray absorpti-
ometry (DXA) in middle-aged and elderly individuals. We evaluated longitudinal changes of body composition, and
age and sex differences in appendicular skeletal muscle mass. '

Methods: Participants were 1454 community-dwelling Japanese men and women aged 40-79 years. Body compo-~
sition at baseline and 6-year follow up was measured by DXA.

Results: Fat increased significantly in men of all ages, and in women aged in their 40s and 50s. Among men, arm
lean tissue mass (LTM) changed by 0.9%, -0.5%, -1.4% and -3.7%, respectively, for the 40s to the 70s, and
decreased significantly in the 60s and 70s. Leg LTM in men changed by -0.4%, -1.3%, -1.7% and -3.9%,
respectively, and decreased significantly from the S0s to the 70s. Compared with the preceding age groups, significant
differences were observed between the 60s and 70s in arm and leg LTM change in men. Among women, arm LTM
changed by 0.7%, 0.2%, 1.6% and —-1.5%, respectively, which was significant in the 60s and 70s. Leg LTM decreased
significantly in all age groups of women by -2.0%, -2.8%, —2.4% and -3.9%, respectively. With respect to sex
differences, leg LTM loss rates were significantly higher in women than men at the 40s and 50s.

Conclusions: Longitudinal data suggest that arm and leg LTM decreased markedly in men in their 70s, and leg
LTM had already decreased in women in their 40s. Geriatr Gerontol Int 2014; 14: 354-361.

Keywords: aging, appendicular skeletal mass, body composition, longitudinal study.

Introduction disability.*’ In advanced countries, where the elderly
population is rapidly growing, the prevention of sar-
Significant changes in body composition occur with copenia is important, and changes in appendicular skel-
aging, and these changes greatly affect health and physi- etal muscle mass with aging need to be clarified to
cal function. Cross-sectional studies have suggested develop appropriate measures for sarcopenia.
that skeletal muscle mass decreases with age," and that Metter eral. reported that the relationship between
fat mass increases linearly or curvilinearly with age.*s muscle quality and age is dependent on how muscle is
Sarcopenia, age-associated loss of skeletal muscle estimated, and on whether subjects are studied cross-
mass,*’ is correlated with functional impairment and sectionally or longitudinally.' Most studies dealing with

body composition changes with aging have been cross-
sectional, and their results might not reflect actual
changes with aging. There have been some longitudinal
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large-scale, population-based studies using DXA to
evaluate longitudinal changes of body composition
from middle age. In the present study, 6-year longitu-~
dinal changes in body composition measured by DXA
were examined, and sex and age group differences in
appendicular skeletal muscle mass changes were evalu-
ated in middle-aged and elderly Japanese individuals.

Methods

Study sample

The data of the present study were collected as part
of the National Institute for Longevity Sciences-
Longitudinal Study of Aging (NILS-LSA). NILS-LSA is
a population-based, prospective cohort study of aging
and age-related diseases with follow up of the partici~
pants every 2 years. Participants in the NILS-LSA were
randomly-selected age- and sex-stratified individuals
selected from the pool of independent residents in the
NILS neighborhood, Obu City and Higashiura Town,
Aichi Prefecture, in central Japan. The age at the first
wave ranged from 40 to 79 years. Details of the NILS-
LSA have been given elsewhere.®® A total of 2258 men
and women took the examination by DXA at the first
wave (from April 1998 to March 2000) of NILS-LSA.
Among them, a total of 1469 participants (748 men and
706 women) underwent the evaluation by DXA in the
fourth wave (from June 2004 to July 2006). We used the
data of the participants who attended both investiga-
tions. There were various reasons why the participants
could not be followed up; for example, transfer to
another area, drop out for personal reasons, or death.
Participants who used androgen and estrogen drugs
were excluded. The study protocol was approved by
the Committee of Ethics of Human Research of the
National Center for Geriatrics and Gerontology.
Written informed consent was obtained from all
participants.

Anthropometric variables

Bodyweight was measured to the nearest 0.1 kg using
digital scales, height was measured to the nearest 0.1 cm
using a stadiometer, and body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?).

Body composition

Body composition, fat mass, lean tissue mass (LTM),
and bone mineral content (BMC) at baseline and 6~year
follow up were assessed by DXA (QDR-4500; Hologic,
Madison, OH, USA). LTM is equal to the fat-free mass
minus BMC. Arm and leg LTM compartments were
examined. Absolute change in each body composition
measure was calculated as follow-up value minus base-
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line value. Percentage of change in each body compo-
sition measure was calculated as follows:

Percent change =
(absolute change value/baseline value)x100

Total physical activity

Participants responded to a self-administered question-
naire, and were interviewed according to an assessment
method for leisure time and on-the-job physical activity
within the last 12 months by trained interviewers.”
Each activity was classified into four categories accord-
ing to the intensity as determined by metabolic equiva-
lent scores by duration in minutes. The total physical
activity score was calculated by summing physical activ-
ity scores during leisure time, on the job, sleep and
residual time.

Prevalence of diseases and smoking status

Prevalence of diseases (cerebrovascular disease, heart
disease and diabetes mellitus) and smoking status at
baseline were determined by a questionnaire.

Statistical analysis

Data were analyzed with the Statistical Analysis System
(sAs) release 9.13 (SAS Institute, Cary, NC, USA). Dif-
ferences between baseline and follow-up characteristics
were tested using paired t-tests. The y’~test was carried
out to compare smoking status and disease prevalence
between men and women. The participants were ana-
lyzed by age decade groups (40s, 40-49 years; S0s,
50-59 years; 60s, 60-69 years; 70s, 70-79 years at base-
line). Changes in body composition over time in each
age group were tested using paired f-tests. Sex and age
group differences in arm and leg L'TM were analyzed
using the general linear model (GLM). Another GLM,
with adjustment for confounding factors, the presence
of diseases (cerebrovascular disease, heart disease and
diabetes mellitus), smoking status and total physical
activity at baseline, was also evaluated. Values of
P < 0.05 were considered to show statistical significance.

Results

Mean ages at baseline were 57.2 = 9.9 years in men and
56.2 = 9.9 years in women. The mean follow-up inter-
val was 6.3 = 0.3 years both in men and women. The
participants’ anthropometric variables, total physical
activity, smoking status and prevalence of diseases at
baseline are shown in Table 1. ‘

Weight and height were significantly higher in men
than women, and there was no difference in BMI. Total
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Table 1 Baseline anthropometric variables, total physical activity, and
prevalence of smoking status and diseases

Men Women

Weight (kg) 63.4 = 8.4%* 53.6 7.5
Height (cm) 165.3 = 6.0%* 152.3 £ 5.5
BMI (kg/m?) 23.2+235 23129
Total physical activity 705.3 = 93.5%* 736.5 = 68.8

(*10**METS*min/y)
Smoking status (%)

Never 22.9%% 90.5

Past 41.0%% 2.6

Current 36.1%% 7.0
Prevalence of disease (%)

Cerebrovascular disease 2.0% 0.7

Heart disease 9.9 7.8

Diabetes mellitus 7.1% 3.1

Values for anthropometric variables and total physical activity are mean * standard
deviation. Differences between men and women were evaluated by r-test or x*~test.
Significantly different from women, **P < 0.01, *P < 0.05. METS, metabolic

equivalents.

physical activity was significantly greater in women than
in men. There were significant differences in smoking
status, and prevalence of cerebrovascular disease and
diabetes between men and women.

Table 2 shows changes in body composition by age
groups in men. A significant weight increase was
observed from the 40s to 60s age groups, but not for the
70s age group. There were significant increases in fat
for all age groups. A significant decrease in BMC was
observed in the 70s age group. Total L'TM increased in
the 40s and 50s age groups, and decreased in the 70s age
group. Arm L'TM increased in the 40s age group, and
decreased in the 60s and 70s age groups. Leg LTM
decreased significantly from the 50s to the 70s age
group.

Table 3 shows changes in body composition by age
groups in women. Significant increases in weight in the
40s and 60s age groups, and in fat in the 40s and 50s age
groups were observed. There were significant decreases
in BMC in all age groups. Total LTM increased signifi-
cantly in the 60s age group. Arm LTM increased sig-
nificantly in the 60s age group and decreased in the 70s
age group. Leg LTM decreased significantly in all age
groups.

Figure 1 presents the percentage change of arm (a)
and leg (b) LTM in men. Percentage changes of arm
LTM were 0.9%, -0.5%, ~1.4% and -3.7%, respec-
tively. Compared with the preceding age group, there
were significant differences between the 40s and S0s
age groups (P < 0.05), and between the 60s and 70s age
groups (P<0.01) in men. When adjusting for con-
founding factors, the significant difference between the
60s and 70s age groups continued, but that between the
40s and 50s age groups disappeared in men.
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Percentage changes of leg LTM in men were —0.4%,
-1.3%, =1.7% and -3.9%, respectively. Compared with
the preceding age group, there were significant differ~
ences between the 60s and the 70s age groups
(P < 0.01), and this did not change after adjustment for
confounding factors.

Figure 2 presents percentage change of arm (a) and
leg (a) LTM in women.

Percentage changes of arm LTM were 0.7%, 0.2%,
1.6% and —1.5%, respectively. Compared with the pre-
ceding age group, there was a significant difference
between the 60s and the 70s age groups (P <0.01) in
women, and this did not change after adjustment for
confounding factors.

Percentage changes of leg LTM in women were
-2.0%, —2.8%, —2.4% and -3.9%, respectively. There

~were no differences between the adjacent age groups in
womern.

With respect to sex differences of arm LTM within
the same age groups, men in the 60s and 70s age groups
had a relatively greater percentage decrease change than
women (P < 0.01), and when adjusting for confounding
factors, the significant differences persisted. With
respect to sex differences of leg LTM within the same
age groups, women in the 40s and 50s age groups had a
significantly greater percentage decrease change than
men (P < 0.01), and after adjustment for the confound-
ing factors, the significance of these differences did not
change.

Discussion

The present study showed the 6-year longitudinal
changes in body composition measured by DXA in men

© 2013 Japan Geriatrics Society
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Table2 Changes in body composition by age group during the 6-year follow-up period in men

Age Baseline (kg) Change (kg) P-value Percent
group change (%)
Weight 40s 66.8 = 8.5 1.9+ 34 <0.0001 2.7
50s 64.4 =77 1.5+ 3.2 <0.0001 2.4
60s 61.5*+78 1.5+ 3.7 <0.0001 2.6
70s 58.7 £ 7.7 04 x32 0.15 0.6
Fat 40s 14.1 = 4.2 1.1 =22 <0.0001 8.4
50s 13.4 = 3.8 1.2 222 <0.0001 10.4
60s 13.5 £ 3.8 1.3 +24 <0.0001 11.4
70s 13.0 £ 3.7 1.0+ 2.1 <0.0001 8.3
BMC 40s 2.37 = 0.29 -0.01 £ 0.06 0.09 -0.3
S0s 2.31 = 0.30 -0.01 = 0.06 0.07 -0.4
60s 2.18 £0.30 -0.01 = 0.07 0.05 0.5
70s 2.08 = 0.26 -0.04 = 0.08 <0.0001 -1.9
LTM 40s 504 5.4 0.8 x1.6 <0.0001 1.6
50s 48.6 = 4.8 03=*1.6 0.002 0.7
60s 45.8 = 4.7 02x1.8 0.08 0.5
70s 43.5 = 4.8 -0.5* 1.8 0.003 -1.3
Arm LTM 40s 5.97 £ 0.75 0.05 = 0.34 0.03 0.9
50s 5.73 = 0.69 -0.04 = 0.31 0.08 -0.5
60s 5.35 = 0.67 -0.08 = 0.29 0.0002 -1.4
70s 5.01 = 0.67 -0.18 = 0.30 <0.0001 -3.7
Leg LTM 40s 15.89 = 1.97 -0.05 = 0.74 0.32 -0.4
50s 15.08 = 1.82 -0.21 = 0.79 <0.0001 -1.3
60s 14.14 = 1.69 -0.25 £ 0.89 <0.0001 -1.7
70s 13.45 = 1.81 -0.52 + 0.73 <0.0001 -3.9

n =204 in age group 40s, n = 234 in age group 50s, n= 196 in age group 60s, n =114 in age group 70s. Values of baseline and
change are mean = standard deviation). Significant changes from baseline were evaluated by paired t-test. BMC, bone mineral

content; LTM, lean tissue mass.

and women aged 40-79 years. Weight and fat mass
increased or did not change in both men and women in
all age groups. Among men, marked decreases in both
arm and leg LTM were found in the 70s age group.
Among women, leg LTM decreased significantly in all
age groups. The rates of loss in arm L'TM were larger in
men than in women in the 60s and 70s, the elderly age
groups. In contrast, the rate of loss in leg LTM was
larger in women than in men in the 40s and 50s, the
early stage, middle-aged groups.

Previous cross-sectional studies suggested that
appendicular skeletal muscle mass decreases with age in
both sexes.**? However, these cross-sectional studies
show indirect evidence of age-related changes.”® There
have been several longitudinal studies of body compo-
sition measured by DXA. Gallagher et al. reported that
there were significant decreases in leg skeletal muscle
mass, and tendencies for a loss of arm skeletal muscle
mass in healthy men and women aged over 60 years
during an average 4.7-year follow up." Visser eral
showed that, over a 2-year period, appendicular skeletal
muscle mass decreased —0.8% in men, but not in
women aged 70-79 years, and leg lean soft tissue mass
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decreased significantly in both sexes.* Zamboni et al.
found that significant losses of leg skeletal muscle were
observed in stable-weight, elderly (68-78 years) men
and women over a 2-year period."” However, in most of
these studies, the participants were aged over 60 years.
In the present study, we showed the changes in body
composition in participants of a wide age range, 40-79
years. In the 60s and 70s age groups, except for the arm
LTM in the 60s age group in women, there were sig-
nificant decreases of arm and leg LTM in men and
wormen. Already in the 40s and 50s age group, there
were significant decreases in leg L'TM in women.
With respect to sex differences, previous cross-
sectional” and longitudinal studies'"*'* reported that
the rates of decrease in appendicular lean mass were
greater for men than for women. The present study
showed that the rates of loss in arm LTM were greater
in men than in women in the 60s and 70s age groups.
However, the rate of loss in leg LTM was greater in
women than in men in the 40s and 50s age groups, and
no significant sex difference was found in the 60s and
70s age groups. Previous longitudinal studies evaluated
the differences using absolute change,'""*'* whereas the
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Table 3 Changes in body composition by age group during the 6-year follow-up period in women

Age Baseline (kg) Change (kg) P-value Percent
group change (%)
Weight 40s - 548 +79 1.2+39 <0.0001 2.1
50s 54.4 + 6.9 03 =3.0 0.19 0.5
60s 533 7.1 0.5=*2.8 0.02 0.9
70s 499 =78 ~0.2 £3.1 0.60 -0.4
Fat 40s 16.5 £ 4.6 1.2+ 2.6 <0.0001 8.0
50s 17.2 = 4.4 0.5+23 0.001 3.6
60s 17.7 = 4.5 0.3 +2.0 0.06 2.1
70s 16.2 = 4.7 00223 0.95 0.5
BMC 40s 1.98 = 0.25 ~0.11 £ 0.13 <0.0001 -5.6
50s 1.77 £ 0.26 -0.13 £ 0.10 <0.0001 -3.7
60s 1.54 = 0.23 -0.06 = 0.06 <0.0001 -3.7
70s 1.36 = 0.23 -0.06 = 0.06 <0.0001 -4.4
LTM 40s 363 4.2 0118 0.24 0.3
50s 355+ 3.4 -0.1 1.3 0.18 ~0.3
60s 34.0 = 3.5 0.2=x12 0.008 0.7
70s 324+ 3.8 -0.1*+1.2 0.34 -0.4
Arm LTM 40s 3.56 = 0.54 0.02 = 0.28 0.22 0.7
50s 3.53+0.44 0.003 = 0.22 0.85 0.2
60s 343 +0.4S5 0.05 = 0.23 0.003 1.6
70s 3.24 + 0.47 -0.05 £ 0.20 0.02 -1.5
Leg LTM 40s 11.19 = 1.64 -0.22 = 0.63 <0.0001 -2.0
50s 10.88 = 1.34 -0.31 = 0.57 <0.0001 -2.8
60s 10.42 = 1.33 -0.25 =+ 0.48 <0.0001 2.4
70s 9.91 +1.36 -0.39 + 0.51 <0.0001 -3.9

n=216 in age group 40, n=218 in age group 50, n =177 in age group 60, n=95 in age group 70. Values of baseline and
change are mean = SD (standard deviation). Significant changes from baseline were evaluated by paired t-test. BMC, bone

mineral content; LTM, lean tissue mass.

present study used a relative index, the percent change.
In the present study, comparisons using the absolute
change in mass were also made, but the results for the
sex differences showed almost the same tendency (data
not shown). As there were many differences among the
studies in the participants’ characteristics, race, lifestyle
and study design, further examination is required to
clarify these differences.

The present study showed that there were significant
decreases in leg LTM, but not in arm LTM, among
women in the 40s to 60s age groups. Lynch etal
reported that, with increasing age, leg muscle quality
declined ~20% more than arm muscle quality in
women.? Based on these results, changes in muscle
mass or function might differ between arms and leg
muscles in women; decreases were apparent in the leg
muscles. Leg muscle mass is closely associated with
. functional performance? and, in general, women have
significantly less skeletal muscle mass than men.!?*
There were several reports that frailty was higher in
women than men in the elderly.***” Therefore, it might
be especially important for women to prevent the
decrease of leg LTM from middle age. Some studies
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have suggested the relationship between menopause
and loss of muscle mass,*> and that estrone predicted
loss of appendicular muscle mass.> The early onset of
leg LTM decrease of women in the present study might
be associated with the menopausal transition.

For evaluating sarcopenia, skeletal muscle mass index
(SMI), obtained by dividing appendicular skeletal
muscle mass by height squared, is often used.® Appen-
dicular skeletal muscle mass was measured as the sum
of the LTM for arms and legs. In the present study, both
arm and leg LTM significantly decreased at the same
time in the 70s age group in men. In contrast, in
women, the time of LTM decrease differs in arms and
legs. Therefore, in order to evaluate the decrease of
muscle mass in women more clearly, it might be better
to use leg LTM alone. Further detailed analyses of LTM
in women would be necessary in future studies.

Regarding fat mass change, Hughes et al. reported
that fat mass increased in the elderly, but the increase
in women was attenuated with advancing age." Other
studies showed that fat mass increased significantly in
elderly men and decreased non-significantly in elderly
women.'"" As in these previous studies, the present
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Figure1l Percentage change of (a) arm and (b) leg lean
tissue mass (LTM) during the 6-year follow-up period by
age group in men. Values are mean * standard error of the
mean. ¥*P < 0.01, compared with the preceding age group
adjusting for confounding factors.

study showed that fat mass increased in all age groups in
men and that, in women, it increased in the 40s and S0s,
but it did not change thereafter.

The strengths of the present study are the large age-
and sex-stratified sample size, the wide range of ages
and the 6-year follow-up period. This is the first study
to report the longitudinal changes of body composition,
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Figure 2 Percentage change of (a) arm and (b) leg lean
tissue mass (L'TM) during the 6~year follow-up period by
age group in women. Values are mean * standard error of
the mean. *#*P < 0.01, compared with the preceding age
group adjusting for confounding factors.

measured by DXA in 40- to 79-year-old Japanese sub-
jects. With respect to race, so far, no longitudinal study
of Asians has been reported, and there has not been
sufficient research on racial differences. It will be nec-
essary to clarify racial differences and consider various
environmental factors in future studies.

Although loss of muscle mass is associated with
decline in strength®* and disability,® there were reports
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that strength decline in older adults is much more rapid
than loss of muscle mass,® and that muscle strength
is more important than muscle mass in estimating
mortality risk.”***5 Recently, the European Working
Group on Sarcopenia in Older People recommended
that the presence of both low muscle mass and low
muscle function (strength or performance) be used.*
Thus, to measure not only muscle mass, but also
muscle strength, might be important for the evaluation
of actual activity, especially in the elderly.

As several reports have suggested differences of body-
weight and the prevalence of obesity by birth cohort,*
there might also be differences of changes in body com-
position by birth cohort. In addition, although the par-
ticipants of the present study were randomly selected,
they were relatively well-functioning men and women
able to participate in the study. Therefore, the results
might not accurately represent changes with aging in
the general population.

In conclusion, we evaluated 6-year longitudinal
changes of body composition in middle-aged and
elderly participants. Remarkable decreases of arm and
leg LTM in men in the 70s age group, and early
decreases of leg skeletal muscle mass already in the 40s
age group in women were found. We believe that these
results might offer important information with respect
to prevention of sarcopenia, and improving the health-
related quality of life in older adults.
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Longitudinal study of effects of proline intake on intellectual decline
in community-dwelling middle-aged and elderly Japanese subjects

Yuki Kato?, Rei Otsuka?, Yukiko Nishita?, Chikako Tange?,
Tomoko Imail*?, Fujiko Ando'® and Hiroshi Shimokata’>%

1) Section of NILS-LSA, Center for Gerontology and Social Science, National Center for
Geriatrics and Gerontology

2) Faculty of Human Life and Science, Doshisha Women's College of Liberal Arts
3) Faculty of Health and Medical Sciences, Aichi Shukutoku University
4) Graduate School of Nutritional Sciences, Nagoya University of Art and Science

The aim of this study was to elucidate the effect of proline intake and age on age-related changes
in intelligence (amount of knowledge) over a 10-year period.

Subjects comprised a total of 2,024 middle-aged and elderly individuals (1,081 men, 993 women;
40-81 years) who participated in the 2°¢ survey (baseline) of the “National Institute for Longevity
Sciences - Longitudinal Study of Aging (NILS-LSA)” as well as at least one of the five follow-up
7t survey. Animal- and plant-derived proline intakes (g/1,000 kcal/day) was
estimated based on the 3-day dietary records at baseline. The amount of knowledge at baseline and
follow-up survey was determined using the “Information” subscale of the Wechsler Adult
Intelligence Scale-Revised short form (WAIS-R-SF). Using the “Information” score at each point as
the objective variable, the effects of proline intake, the years from baseline, age at baseline, their
interaction terms, and moderator variables (BMI, CES-D score) were investigated by sex using a
linear mixed-effects model.

surveys until the

As for changes in “Information” score over the 10-year period, significant differences in slope
were seen between the high and low animal proline intake groups at ages 40 and 50 in both sexes,
with the scores increasing more greatly in the high animal proline intake group. Women aged 60
and 70 who were in the high proline intake group had maintained high scores. On the other hand,
no significant relationships were observed between plant-derived proline intake and “Information”
score.

Proline exerts different effects on “Information” score depending on whether it is derived from
animals or plants. g

Key words  proline intake, intelligence, community-dwelling, longitudinal study, animal food
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