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ABSTRACT

This study was performed for the purpose of finding the relationship berween fat-frec mass (FEM), which mainly represents muscle mass
change, and muscle strength. The correlation between diet and exercisc behaviors and FEM in healthy elderly men over age 55 was also
investigated. FEM and corresponding hand grip strength declined significantly with increasing age. However, the concentration of serum
albumin, the indicator of protein nutritional status, showed no change with increascs in age. The subjects were categorized into three
groups according to FEM tertiles. Anthropometry such as height, BMI, circumferences of waist and hips, body fat mass percent and hand
grip strength decreased significantly in the lowest FEM group. But albumin level showed no change relative to FEM level. FEM showed a
significant relationship to nutrient intake such as energy and far. However, no association was found with exercise behavior, probably
because there were no instances of resistance exercise habits among the subjects studied. The variance in FEM could be attributed 86.2%
to height and age. The variance of height-adjusted FEM could be attributed only 40.6% to age and fat intake. In conclusion, decreascs in

FFM may cause reductions in muscle strength in elderly men. Increasing energy and fat intake were associated with increased FFM and

may protect elderly men from the risk of FFM had no

with exercise habits.
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INTRODUCTION

Adults at an advanced age experience profound changes
in body composition, increased whole body fat, and de-
creased body protein and bone mass, resulting in decrea-
sed lean body mass (LBM, fat-free mass). Accumulation
of body fat and abdominal fat is known to be associated
with increased risk of cardiovascular diseases like diabetes,
hypertension, and dyslipidemia. Loss of LBM is associa-
ted with increased risk of sarcopenia and osteoporosis.
Decreased LBM is known to occur primarily as a result
of losses in skeletal muscle mass.” Muscle is the most
prominent determinant of differences in LBM and total
body water between different age groups” for the fol-
lowing reasons: (D high proportion of weight to body
mass, @dramatic decrease of weight with age, @ high
proportion of body cell mass in muscle.” The loss of mus-
cle mass and muscle strength with increased age is term-
ed sarcopenia.”

Reductions in muscle mass can be accurately assessed
by measuring the muscle cross-sectional area using com-
puter tomography.” Computer tomography has shown
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that from the thirties, muscle cross-sectional area de-
creases due to fat accumulation within muscle and de-
clination of muscle density.”® Sarcopenia duc to aging
causes not only muscular strength loss” but also in-
fluences bone metabolism, like bone density. Both are at-
tributes of the frequent fragility in the elderly.™ Reduc-
tions in LBM and muscle mass also cause declination of
basal metabolism and activity, resulting in reduced energy
expenditure. As a result of decreased dietary intake and
nutritional deficiency, the aging process is accelerated.
The loss of muscle strength with age occurs irrespective
of muscle location (upper vs. lower extremities) and func-
tion." Starting and progression of muscle strength show-
ed differences between men and women." The percentage
reduction in total strength is higher in men than women.
Declines in lower extremity strength and grasping power
are well known. Reductions in muscular strength with ag-
ing result in a loss of the ability to perform basic daily ac-
tivities. The main cause of weakness and the vegetative
state in older people is the loss of muscular strength.”
The loss of muscular strength with aging results in de-
creased basal activities, which causes accelerated weakness,
disability and loss of mental sharpness.”” Cross-sectional
or longitudinal studies and grasping power (= hand grip
dynanometry), which represent the muscular strength vari-
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ation between different age groups due to muscle mass
and LBM change, are frequently used to test elderly pec-
ple”'® because they can be performed in a short period
of time at low cost.

Dietary intake seems to be one of the most important
components in the prevention of muscle and LBM loss
with aging, but there have been no consistent reports on
the effects of nuwrition. Nutritional imbalance or nu-
tritional deficiencies are reported to accelerate the loss of
LBM and muscle mass, so that energy and protein intake
should be increased above RDA in older people.™” In
contrast, there are reports that reduced physical activity
and LBM in the elderly causes a decline in resting meta-
bolism and daily activity energy expenditure, resulting in
a reduced energy requircment."” In animal experiments, it
has been shown that excess protein intake could not pre-
vent the loss of LBM, and reductions in dictary intake
have been shown to delay the lowering of protein syn-

thesis rate and muscle mass in older rats.’ However,
there have been no reports on the rclationship between
the loss of LBM or muscle mass and dietary intake in ¢ld-
erly Koreans, other than the study by Lee™
women.

Physical activity is well known to be associated with
LBM and muscle mass. Among the various types of ex-
ercise, progressive resistance training like weight training
promotes muscle protein synthesis and is cffective in pre-
venting the loss of muscle mass and LBM. It is thus safe
for clderly people.” Recently, dumbbell exercises, a low
intensity and aerobic-resistance excrcise, have been suc-
cessful with the clderly.”

As mentioned above, the prevention of age-related loss
of muscle mass and LBM is reported to be very im-
portant for the health of older people. However, it has
been seldom investigated in relation to lifestyle facters
such as dietary intake, excrcise habits, LBM, and muscle
mass in clderly Koreans. In this study, using LBM as a
proxy indicator of muscle mass and grasping power as an
indicator of muscular strength, the relationship between
fat-free mass and muscular strength with the elderly was
analyzed. Also, the relationship between fat-free mass and
nutritional intake, excrcise habits and protein nutritional
state was investigated. Finally, the primary compenents
that could explain variances in fat-free mass with the eld-
erly were studied.

on clderly

SUBJECTS AND METHODS

A nutritional survey of elderly Korean acults was con-

ducted at a public health center in Seoul. Male adults over
55 and without chronic diseases such as diabetes(n = 40),
were selected. Dictary intake, anthropometric characteristics
and grasping power were measured. Dietary food intake
was assessed using the 24-hour recall method and nu-
trient intake was calculated using the Can-pro program.

The subjects were asked about their exercisc habits,
such as frequency and duration of exercise. From these
data, the average daily duration of exercise was calculated.
Energy expenditure for exercise was calculated using fre-
quency of performance, mean duration and energy cost
per kg body weight for various sports and body weights.

Anthropometric measurements included height, weight,
body composition, circumferences of waist and hips and
WHR. Fat-free mass, fat mass and fat mass percent in the
entire body were measured using Inbody 3.0 (Biospace,
Korea). Grasping power was measured using digital hand-
grip dynanomometer (KKK. 5101, Takei Scientific Co,
Japan).

Blood samples were taken carly in the morning from
the antecubital vein following a 12-hour fast. Blood sam-
ples were centrifuged at 2000rpm, 4, for 10 min and
were stored frozen at - 32°C until analysis. The con-
centration of serum albumin was analyzed using a blood
analyzer (DT60, Johnes and Johnes, USA).

Statistical analysis was conducted using SAS program
(Version 6.12). The subjects were divided into threc
age groups according to age category: 55 — 64 years
old, 65 ~ 74 years old and over 75 years old. Changes in
fat-frec mass and other anthropometric variables and sc-
rum albumin concentration as well as grasping power ac-
cording to age category were analyzed using general lin-
car model. The subjects were also divided according to
FFM into tertiles: low FEM, medium FEM and high
FFM. The differences in grasping power, anthropometric
measurements and concentrations of serum albumin among
the three FEM groups was analyzed using Duncan's mul-
tiple comparison method after ANOVA analysis. Pred-
ictors that can explain the variances in FFM without in-
teractive effect among analyzing factors were scught us-
ing adjusted multiple stepwise regression analysis.

RESULTS

1. General characteristics and daily nutrient in-
take, exercise habits of the subjects

The mean age and BMI of the subjects was 67.1 years

and 24.0 kg/m’, respectively. Table 1 shows the mean

nutrient intake of the subjects in comparison to Korsan
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RDA. Intake of nutrients differed from Korean RDA in a
range from 67.8% to 159.7%. Daily intake of protein, a
nutrient known to be closely associated with muscle mass
and fat-free mass, was above Korean RDA, which is 1.11
g per kg body weight. But intake of other nutrients was
below Korean RDA, especially vitamin B, and Ca, which
were shown to be in a state of nutritional deficiency.

Exercise habits are presented in Table 2. The propor-
tion of subjects without regular exercise habits was 43%.
Of types of exercise, the proportion engaging in endurance
exercise with mild resistant characteristics such as climb-
ing, exercising at a health center or walking accounted
for 55%. Thus, the exercise habits of the subjects were
mainly of the endurance varicty.

The results showed that the proportion of subjects per-
forming exercise more frequently than 4 days per week
was 42.5%. Most of the subjects were exercising less than
once every two days. The average daily energy expendi-
ture was above 200 kcal. The mecan exercise duration

Table 1. Nutrient intakes of elderly 0 = 40)
Variables Mean + SD RDA%
Energy (Cal) 1709 = 461 832+ 227
Protein (g) 723 + 351 1105 + 552
%) 164 = 46
Fat (g) 366 + 179
%) 187 + 68
Carbohydrate () 2692 + 757
(%) 640 + 105
Dietary fiber () 77+ 70
Vit. A (g RE) 9467 + 2415 1352 + 345.1
Vit. BT (mg) 138+ 121 1302 %1211
Vit. B2 (mg) 105+ 124 840 + 1038
Niacin (mg NE) 162 £ 76 192+ 593
Vit. C (mg) 1003 + 1044 1432 + 1492
Ca (mg) 4746 + 2977 678 + 425
P (mg) M76 + 567.6 1597 + 811
Fe (mg) 122 & 81 1020 + 678

Table 2. Exercise behavior of subjects

Variables Frequency, %(n)
Exercise YES 57.5(23)
NO 42.5(17)
Exercise type NO 42.5(17)
Walking, Aerobics, Tennis, 22.50)
Swimming, Golf
Climing, Health 325(13)
Others 25(1)
Frequency/week less than 1 45.0018)
2-3 12.5(5)
more than 4 425017)
Variables Mean + SD”
Exercise time(hour/day) 046 £ 056
Energy expenditure for exercise(CaI/daz) 2070 + 2869

1) Mean + SD = Mean + standard deviation

time per day calculated with exercise time per perfor-
mance and frequency per week was lower than thirty
minutes, which is well below the cxercise time required
for health maintenancc.

The average daily energy expenditure was above 200
keal, which was 2.5 times that of the female subjects in
our previous report.

2. Anthropometric variables, serum albumin con-
centration and handgrip strength according
to age

Anthropometric variables and serum albumin concentra-
tion by age of the subjects are presented in Table 3.
Height, BMI, body fat mass, fat mass percent and cir-
cumference of waist and hips did not show any sig-
nificant differences according to age. However, weight
and fat-free mass were found to decrease with increasing
age.

Serum albumin level is acknowledged to be an indica-
tor of protein nutritional status. Serum albumin concen-
tration is not influenced by increasing age. Handgrip st-
rength, a proxy indicator of muscular strength, decreased
significantly with increasing age.

3. Fat-free mass and anthropometric variables,
handgrip strength, serum albumin level

In this study, the subjects were also categorized into

three groups according to tertiles of fat-free mass dis-

tribution: low FFM, medium FEM and high FFM. Com-

parison of anthropometry, handgrip strength and serum

Table 3. Anthropometry, grip strength, serum albumin concentration by

age category (Mean + SD)
\/zriablesAge BOUP 55 < Age <65 65<Age <75 75<Age

Age (year) 585 + 24 684 28 794 + 29°
Weight (kg) 69.5 £11.0° 661 +64° 589 + 9.2°
Height (cm) 1677 + 57 1657 +7.4 1606 +11.5
BMI (kg/m) 246 + 28 241 £18 228 + 22
Fatfree mass (kg) 529 + 49° 506 +64° 455 + 7.8°
Fat mass (kg) 166 + 66 155 +38 134 + 35
Fat mass (%) 232 & 54 235 £55 229 + 53
Waist circum.' (cm) 866 + 89 869 +64 832 + 7.0
Hip circum. (cm) 959 + 77 931 +43 914 + 52
WHR 090+ 006  0.94+005 091+ 006
Right GP’ (gps) 358 + 53° 322 +57° 297 + 84°
Left GP (gps) 348 + 64' 301 58" 264 + 73
Mean GP* @@ps) 353 + 56° 312 +4.8% 280 + 7.7°
Albumin_(g/dl) 46 + 05 44 +08 _ 42 + 05

1) Circum.: circumference

2) GP: hand grip strength

3) Mean GP: Mean of right and left grip strength

*: Means with different letters within a row are significantly different
from each other at p < 0.05
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albumin concentration according to FFM category is
presented in Table 4. Weight and height were found to
decrease with increasing FFM. BMI was highest in the

Table 4. Anthropometry, grip strength, serum albumin concentration by

fat-free mass category (Mean * SD)
Variables Low FFM Medium FFM High FFM
Weight (kg) 584 +7.4% 635 £25° 750 £87°
Height (cm) 158 +9.3° 1653 £24° 1720 +47°
BMI (kg/m’) 234 +£22° 233 +12° 253 £29°
Fat mass (%) 260 +53 204 +32° 238 %587
Fat mass (kg) 153 £42° 130 £26° 182 £63
Waist circum, cm) 827 £7.3° 841 £53° 911 73
Hip circum. €m) 913 £35° 908 +£40° 992 +60°
WHR 091435 0934007  092*006
Right GP" (gps) 265 +65° 346 41 366 T4
Left GP (gps) 260 +66° 313 £57% 354 £58
Mean GP" (gps) 262 +66° 329 +43 360 %42
Albumin_(g/dl) 43 +£07 45 £05 44 +£07
1) Circum. = circumference 2) GP = hand grip strength

3) Mean GP = Mean of right and left grip strength

+: Means with different letters within a row are sigificantly different
from each other at p < 0.05

Table 5. Correlation coefficients between nutrient intakes and fat-free mass
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high FFM group. Waist circumference, which is often
used as an indicator of central obesity, increased with in-
creasing FEM. Since hip circumference showed a similar
pattern, no difference was found in waist-hip ratio ac-
cording to FEM.

Grasping power represents a loss of muscular strength
through muscle mass loss. The grip strength of the right
and left hands was significantly higher in the highest
FEM group. Serum albumin concentration showed no sig-
nificant differences according to FFM level.

4. Fat-free mass and nutrient intake, exercise
behavior
The relationship between fat-frec mass and nutrient in-
take are presented with correlation coefficients in Tables 5
and 6. Nutrient balance and protein intake are known to
be important factors for the prevention of loss of muscle
mass and muscular strength with aging.”** In this study,
cnergy and fat intake was significantly related to fat free

Table 6. Correlation coefficients between intakes of animal and veget-
able nutrient and fat free mass

Variables Fat-free mass Variables Fat-free_mass
Energy (kcal) 0.433* Animal protein (g) 0.052
Protein (g) 0217 Vegetable protein (g) 0229
Fat (@) 0422 Animal fat (g) 0260
Carbohydrate () 0313 Vegetable fat (g) 0345
Cholesterol (mg) -0.030 Animal Ca (mg) -0058
Fiber (g) 0.229 Vegetable Ca (mg) 0061
Ca (mg) -0.004 Animal Fe (mg) 0055
P (mg) 0.146 Vegetable Fe (mg) 0135
Fe (mg) 0134 +* Significant atp < 005 #*: p < 0.01, xx: p < 0.001
Na (mg) 0095
K (mg) 0137 Table 7. Correlation coefficients between exercise activity variables
Vitamin A (ug RE) 0.199 and fat-free mass
Vitamin B, (mg) 0303 Variables Fatfree_mass
Vitamin B; (mg) 0219 Energy expenditure for Exercise (Caliday) 0.231
Niacin (mg NE) 0178 Hour spended for Exercise (hour/day) 0.208
Vitamin C (mg) 0176 Daily hour for sitting (hour/day) 0326
 Significantatp < 005 #+: p <001  wexi p <0.001 ¥ Significantatp < 005 #x:p <001 w1 p <0001
Table 8. Predictors for fat-free mass
Dependent Independent b SE®) et pvalue Beta  Beta X 1 X 100
variable variables
Intercept ~54.6134 122791 -4.448 0.0001
Height 0.6894 0.0608 11.331 0.0001 08543 780
Fatfree mass Age ~0.1320 00613 -2.153 0.0401 -0.1624 82
R2 of model (%) = 86.2
Adjusted R* (%) = 85.6
Intercept 03915 00352 1113 0.0001
Age 0.0006 0.0002 2694 00118 03892 253
Height-adjusted FFM Fat intake -0.002 0.0005 3282 00028 04743 153

R? of model (%) = 40.6
Adjusted R® (%) = 38.5

r: Pearson correlation coefficient
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mass, but protein intake did not show any association
with fat-free mass.

The correlation coefficients between fat-free mass and
weekly exercise duration, daily energy expenditure for ex-
ercise and time spent sitting are presented in Table 7.
The results showed no association of these parameters
with fat-free mass.

5. Predictors explaining variances in fat-free mass

Multiple stepwise regressional analysis was conducted
to determine predictors that can explain variances in fat-
free mass using nutrient intake, exercise behaviors, age
and anthropometric variables such as independent vari-
ables and fat free mass as dependent variables (Table 8).
Height and age can explain 86.2% of the variances in fat-
free mass. After adjusting for height, the variances in fat-
free mass can be explained 40.6% by age and fat intake.
This result shows that changes in fat-free mass are det-
ermined mainly by physical condition and age. Excluding
the influences of height, age and nutrient intake are im-
portant factors in fat-free mass changes. However 60% of
the height adjusted fat-free mass variances cannot be ex-
plained in this study.

DISCUSSION

In this study, factors related to the loss of fat-free mass
with advancing age, which accelerate the aging process,
were investigated in male adults over 55.

With increasing age, weight and fat-free mass were
found to decrease, although height and other anthropo-
metric variables did not fall. The fat-free mass of the sub-
jects over 75 was 14% lower than that of the subjects
who were 55 — 65 years old. It was reported that fat-free
mass showed a maximum value in the mid-thirties and
declined thereafter so that the difference between age 25
and age 70 was 16%.” Results from the anthropometry
and whole body scanning” demonstrated that variations
in body composition between men of different ages and
the significant difference in weight between the middle-
aged and older groups was largely a result of differences
in lean body weight rather than fat. Analysis of covari-
ance indicated that the weight and body composition diff-
erence between younger and older men was not explai-
ned by the observed height differences.

Overall, lean body weight in the older men was 88%
that of the middle-aged men, a similar percentage diff-
erence being found in the CT arcas as well (leg 88%, ab-
domen 91%, chest 98%, arm 88%). Compared with the

results of our previous report, fat-free mass reduction in
clderly Korean men seems to occur more rapidly than in
women. With the passing of 10 years, mean fat-free mass
of the elderly men decreased ca. 3.7 kg, which is more
than was reported with elderly Korean women. This
result confirmed the more rapid declination of fat-free
mass with increasing age in men than women. Although
the loss of fat-free mass was influenced generally both by
bone mass loss and muscle mass loss, the reduction of
muscle mass resulting from body cell mass loss is the
main determinant of fat-free mass loss with increasing age.
With aging, RNA activity and muscle capacity declines,
so the protein synthesis rate in muscle decreases more
dramatically than in the other organs. Yarasheski et al*
and Welle et al.”” have demonstrated that muscle protein
synthesis is reduced in the elderly at the whole body level.
Thus the decreases in muscle strength and power with ag-
ing are probably due to reduced muscle mass and muscle
quality, which might alter the intrinsic contractile pro-
perties.” The variation of fat-free mass between genders
in this report and our previous report suggests that the
loss of muscle mass was the main contributing factor to
fat-free mass reduction with aging. Muscle atrophy seems
to occur in accordance with the progressive decline in
whole muscle fibers,” and selective changes in myofibri-
llar type 2 fibers® and myosine heavy chain composition.”

Serum albumin concentration was not influenced by
age increases in our study, which is consistent with the
results of other reports with clderly Korean women.”**®
According to Fu and Nair,” there is no age-related
change in synthesis rate and concentration of human
serum albumin, in contrast to muscular protein synthesis
rates. Animal studies have shown, however, a generalized
decline in protein synthesis in the liver.”

Handgrip strength decreased with increasing age, as re-
ported by other researchers.™” Handgrip strength is an
essential indicator of strength for performing basic daily
activities such as moving, taking a shower, bathing, chan-
ging clothes, grooming and washing.” The loss of grasp-
ing power makes old people dependent on helpers in
their daily lives. According to Suzuki,” for their indepen-
dent daily activities the aged need a minimum of 13 kg
gps. In our study all the age groups had higher grasping
power. The loss of muscular strength with aging results
in a decrease in basal activities like walking ability, fre-
quent fragility and a decrease in ability to perform all
basic activities, causing accelerated weakness, disability and
loss of mental sharpness.""” Generally, muscle strength
reaches peak value at age 20 - 30, remaining constant
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until age 45 - 50, and declining 12 — 15% every 10
years after that.”** Thus, the muscle strength of those in
their sixties and seventies is reduced ca. 30 - 39% com-
pared with the strength in their twenties.”” In this
study, mean handgrip strength of those over 75 year de-
creased ca 20% compared to those aged 55 - 64. Al-
though this reduction was lower than the results seen in
other reports, it was larger than our previous study with
elderly women. This result was consistent with the ar-
gument of Hurley'” that muscle strength decreases more
rapidly in men than in women.

Waist circumference, which is often used as an in-
dicator of central obesity, increased with increasing FEM.
Thus, it can be supposed that the risk of loss of FFM
and ¢ ly the risk of penia will increase in
the event of a body weight and waist circumference
reduction. As a result, for adults over 55, the effort to
reduce obesity or central obesity should be very carefully
conducted. In sedentary adults, the main determinant of
cnergy expenditure is fat-free mass. In many elderly peo-
ple, declining energy needs are not matched by an ap-
propriate decline in energy intake, the ultimate result be-
ing increased body fat content and high BMI with ad-
vancing age. Increased body fat in the abdominal region
is thought to be directly linked to the greatly increased in-
cidence of type II diabetes and syndrome x among the
elderly.”

Handgrip strength increased with high FEM level: grip
strength was higher in all of the FEM groups compared
with those of the clderly women in our previous report.””
Lower grasping power represents the loss of muscular
strength through muscle mass loss. The loss of muscle
mass in the elderly occurs due to declines in muscle fiber
numbers and size after adulthood, resulting in muscle at-
rophy with advancing age. With aging, connective tissues
and collagen increase while elasticity decreases, resulting
in a decline in muscular strength.” In many studies it
was reported that muscle mass is the major determinant
of the age and sex related differences in muscular stre-
ngth.” The decrease in grip strength scen in this study,
which was due to fat-free mass reduction and higher lev-
els of fat-free mass compared with that of the elderly
women™ was consistent with the results of other studies.

Serum albumin cc diffe

showed no ac-
cording to FFM, confirming the results of other reports
that various organs are differently influenced by aging
and that changes in visceral protein level are independent
of changes in muscular protein with aging.**’

Many studies stressed that nutrient balance and protein

intake are important factors in the prevention of loss of
muscle mass and muscular strength with aging.”** In
this study, energy and fat intake were found to be sig-
nificantly related to fat free mass, although protein intake
showed little association. Starling et al.* showed that in-
crements of protein intake under the required level could
prevent the loss of muscle mass and strength.

Furthermore, according to our previous report with eld-
erly women whose protein intake was below RDA, fat-
free mass showed a significant correlation with protein in-
take. The higher protein intake than RDA in the elderly
men in this study may be one reason that there was no
association with fat-free mass.

Limiting caloric intake is known to delay the aging pro-
cess. Ricketts ef al.'” reported that with animals, reduc-
tions in food intake can delay aging and declines in body
protein synthesis rate. However, our study with elderly
men does not support that argument, probably because
the subjects had lower energy intakes than RDA. With ag-
ing, the energy oxidation system is known to undergo
changes such as declines in the enzyme activities of glyco-
Iysis,” thus resulting in a greater dependence on the en-
ergy supply from oxidation. This may favor utilization of
fat oxidation to carbohydrates. This could be one of the
reasons for the association of fat intake with fat-free mass,
although more research on the subject is needed.

There was no association between fat-free mass and
weekly exercise duration, daily energy expenditure for ex-
crcise and time spent sitting. Yarasheki et al® observed
that resistance cxercises can increase protein synthesis
without changing proteolysis in the elderly. Also, Klitgard
et al™™ observed that previous aerobic exercise could
not prevent the loss of fat-free mass and muscle mass in
the elderly. Campbell et al.* showed that in the elderly,
fat-free mass and energy expenditure increased after 12
weeks of resistance training. For the prevention of decline
of fat-free mass and muscle mass, resistance exercises such
as weight training are more effective, according to many
studies, than endurance training, which can increase en-
ergy expenditure and decrease body fat and result in an
improvement in cardiovascular disease risk.”™" However,
the elderly in this study seldom performed resistance ex-
ercises. This may be the cause of the fact that no as-
sociation of fat -free mass with exercise behavior in the
elderly was found in this study.

Multiple stepwisc regression analysis showed that age
and physical condition such as height and nutrient intake
are the main factors determining fat-free mass changes.
However, the 60% of height adjusted fat-free mass vari-
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ances cannot be explained in this study. The loss of mus-
cle mass and fat-frec mass with increasing age are known
to be influenced not only by extrinsic factors like dietary
intake, exercise and sedentary habits, but also by intrinsic
factors such as growth hormone, sex hormone and
growth factor. The unexplained variances in fat-free mass
may be attributed to genetic factors or endocrinal factors.
Furthermore, the variances could also be attributed to
the fact that the subjects in this study didn't engage in
resistance exercises and that those engaged in regular cx-
ercise may find themselves reducing physical activities of
other kinds due to increases in fatigue. According to this
study, protein intake and serum albumin concentration,
indicators of protein nutritional status, were not closely
associated with fat-free mass. This can be attributed to
the fact that the subjects?protein intake level in this study
was above RDA.

In conclusion, the loss of fat-frec mass with advancing
age stimulated the loss of muscular strength in the elderly.
The loss of fat-free mass had no association with protein
nutritional status or with acrobic exercise habits. Further
research is needed with a larger number of elderly people
to identify the influence of protein nutritional status. In-
vestigation of encrgy expenditure in larger numbers of
clderly people, or investigation of people who engage in
resistance exercises should be conducted to allow the ap-
plication of the above results to elderly Koreans in gen-
eral.
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