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ABSTRACT

The purpose of this study was to investigate Bone Mineral Density(BMD) and affecting factors on BMD of college women in
Seoul. The subjects were 47 healthy college women aged 18-25 years. Antrophometric and body fat measurements were performed
by Bioelectrical Impedance Fatness Analyzer(Tanita TVE 202). Blood pressure and pulse frequency were measured, Dietary intakes
and general living habits were examined throngh questionnaires and nutrient intakes were analyzed by Computer Aided Nutritional
Analysis(CAN) program for professional. Serum total cholesterol, TG(triglyceride), HDL-cholesterol, total protein, albumin, GOT,
calcium were measured by Spotchem(SP-4410). Serom osteocaliin and alkaline phosphatase(ALP) were measured to monitor bone
formation. BMD of lumbar spine(L2-14), right hip(neck, ward's triangle, trochanter) and right forcarm were measured by Dual
Energy X-ray Absorptiomerry(DEXA). Muscle strength was measured by examining leg flexion strength(right and left), leg extension
power(right and left), handgrip power(right and left) and back strength. All data were statistically analyzed by the SAS PC package
program. BMD of college women was normal(by WHO, 1994). Their muscle strength was bad(by national fitness guidebook, 1995).
Only a small number of them excrcised(32.6% of subjects). There was no significant difference among BMD, muscle strength and %
body fat(p<0.05). There were significant differences between BMD and total cholesterol as well as TG and VLDL-cholesterol(p<0.05).
Toral cholesterol was associated with decreasing BMD of the right forearm(p<{0.05). TG and VLDL-cholesterol are associated with
increasing BMD of right hip ward's triangle(p <0.05). There were significant differences among BMD, ALP and serum total protein. ALP
was associated with decreasing BMD of the right forearm(p<(0.05). There were significant differences between BMD and Ca as well as
berween Na and K intakes p<{0.05). Intakes of Na and K were associated with decreasing BMD of the right forearm(UD)(p<(0.05).
There were significant differences between in BMD and pulse frequency and serum atbumin(p <0.05). Serum albumin is associated
with increasing BMD of L2-L4(p <0.05), right hip neck(p <{0.05). % Body fat, TG, VLDL-C, Ca intake, pulse frequency and serum
albumin were associated with increasing BMD(p<{0.05). Intakes of Na and K, ALP, total cholesterol, total protein and height are
associated with decreasing BMD(p<(0.05). Overall results indicate that Ca intake of subjects was low, and their protein and Na
intakes were high. Therefore, subjects needed to increase Ca intake but to be moderate in protein and Na intakes in order to increase
BMD. Body exercise was recommended to increase BMD as well. (Korean J Community Nurition 1(2) : 98~107, 1999)
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uses of the disease have been discovered ; however, ac-

Introduction

Osteoporosis has drawn a lot of atrention since the av-
crage life span and the percentage of scnior citizens re-
cently increased and personal interest in health became
intense. There is an increasing awareness and interest in

osteoporosis among the people in Korea, and some ca-

*This project was supported by 1998 Research Fund from Seoul
Women's University.

'Corresponding author : Hye Bok Na, Nutridon, College of
Natural Sciences, Seoul Women's University, 126 Kongnurg 2-
dong, Nowon-gu, Seoul 139-774, Korea

Tel : 02) 970-5645, Fax : 02) 976-4049

E-mail : hbna@swu.ac kr

cording to some reports(Kim et al, 1995), osteoporosis is
not yet well recognized comparatively, and the nation
wide statistics on osteoporosis patients is absent so far,
Now that there are no secure and positive treatments for
the patients of such a disease, precantion against the
disease is considered the best. The best-known precanton
is to maximize bone mineral density during the growth
period and to protect dangerous factors of bone loss.

The major facrors of bone density formation are di-
vided into two : one is genetic factor and the other is en-
vironmental. The major environmental factors include life
style, the amount of physical movement, dietary intake
and so forth(Metz et al. 1993 ; Petra et al. 1994 ; Rowe
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1994 ; Welten et al. 1994). Adults are bound to have
physiological bone loss as they grow older and the de-
gree of bone loss depends on heredity, internal secreton,
cnvironmental factors and so on(Draft 1978 ; Drinkwat-
er et al. 1984 ; Pollizer et al. 1989). In other words,
genetic facrors include gender, stem, family history, and
aqueous contrastive gene of vitamin D. Internal secretdve
factors include the retardation of the first menstruation
and early menopause. Besides, the environ-mental factors
are said to be related to the lack of calcium intake, heavy
drinking, high protein diet, high salt diet, and excessive
intake of caffeines and lack of exercise.

While genetic factors play an important role in bone
mass and quality in the Western society, what people
have good nuwition, environmental factors such as Ca in-
take are considered critical of bone mass and quality in
the Asian society, in which people have relatvely poor
nutrition(Hirota et al. 1992).

Dietary habits need to be well taken care of becanse a
variety of handicaps can be caused by dietary nutririon
factors in formulating the maximum bone density during
a growing period and bringing about osteoporosis. Col-
lege students are likely to be dependent on cheap star-
ches or some foods that go with soft drinks because of
their limited economic capacities(Jakovits et al. 1977).
The young have formulated their poor dietary habits,
skipping meals, eating frequent smacks, choosing foods
wrongly with their poor nutrition knowledge. The ex-
cessive appearance-oriented atrendon of female college
students encourages them to strive for extreme weight
loss and have irregular dietary habits, and also causes seri-
ous health problems such as anemia(Hudson et al. 1988 .
NIH 1993 ; Wadden et al, 1992 ; Zwan et al. 1994).
On the other hand, they often overeat in some cases it
may be defined as bulimia, which is a serious problem
among female college students(Chang et al. 1988). Gen-
eral dietary habits of college students not only is a re-
flection of that of the past generation, but also informs
potential dietary habits in their adulthood, which is the
next step of their growth. Therefore, this study is design-
ed to discover the level of bone density and related fac-
tors of female college smdents who will influence their
future and dietary habits as well as reflect their past ones.
Also, this study will conmribute to the dietary improve-
ments for increasing bone density, and hopefully be ut-
lized for the development of public health.
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Subjects and Methods

1. Subjects

Subjects for this study were 47 college students in Se-
oul, Korea. The anthropometric measurement, bone min-
eral density measurement and blood collection and ques-

tionnaire examination were conducted from October th-
rough December, 1998.

2. Dietary intakes

Dietary intakes were assessed by 3-day food record
method. Nutrient intakes were analized by Computer Ai-
ded Nutritional analysis program for professonals(CAN-
PRO 1997).

3. Sample preparation

Venous blood was collected into heparin non-treated
syrnges after a twelve-hour fast.Blood samples were al-
lowed to clot at room temperature for approximately 30
mimires. Blood samples was cenmifuged ar 3000rpm for
20 minutes at 4°C to separate serum. The serum amples
were frozen under nitrogen and stored at ~ 80T until
the analysis.

4. Analysis of serum GOT, total protein, albumin, to-
tal cholesterol, TG, and Ca
Serum GOT, total protein, albumin, total cholesterol,
TG and Ca were measured on swips by SPOT CHEM
(8P-4410 KDK Co. Japan). VLDL-cholesterol, LDL-cho-
lesterol, and LDL/HDL were caculated by the Friedwa-
1d equation as follows :
1) VLDL-cholesterol =Triglyceride /5
2) LDL-cholesterol(mg, /dl)=Total cholesterol
- (VLDL-cholesterol + HDL-cholesterol)

5. Analysis of bone formation index

Bone biochemical markers are composed of bone for-
mation index and bone absorption index. In the meas-
urement of the bone formation index : osteocalcin, and
alkaline phosphatase werc analyzed.

6. Measurements

Athropometric measurements were composed of heighr,
body weight and body far. The measurements were per-
formed by Bio-electric Impedence Fatness Analyzer(Tani-
ta TVF 202 Japan) at the Physiological Laboratory of
Korea Sport Science Institute(KSSI). Blood pressure and
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Pulse rate were measured on the brachial artery by di-
gital phygmomanometer(Hartman HG160 Digital, Ger-

many).

7. Measurement of bone mineral density

Bone mingral density of lumbar spine, right hip, and
right forearm were mearsured by Dual Energy X-ray Ab-
sorptiometry(DEXA Hologic QDR-4500C) at the Na-
tional Fitness Center of KSSI.

8. Measurement of muscle strengih

Hand grip power, Back strength(Takei 1270A Japan)
and Leg flexion strength, Legextension power(Takei 1281
Japan) were measured at the Physiological Laboratory of
KSSI.

9. Statistical analysis

Collected data were statistically analyzed by SAS(Sta-
dstical Analysis System) PC package. All data were ex-
pressed as meantSE. Sratistically significant differences
were accepted at p<0.05. The correlation between bone
density and related factors, Such as body fat, toral cho-
lesterol, triglycerides, VLDL-cholesterol, muscle strength,
osteocalcin, ALP, the intakes of protein, ca, Na, serum
total protein, albumin, age, height, weight, GOT and
pulse- is obtained by Pearson's Correlation Coefficient.

Results and Discussion

1. General Characteristics and Anthropometric Meas-
urements

The subjects in this study were berweenl8 to 25 years
of age, and the average age was 20.1+1.0. The average
height was 160.943.3cm, and the average pulse(time/
minute) was 77.5+6.8. Compared with Korean adult
standard stature, the height and pulse were normal.
Body mass index(kg/m?, or 19.1+1.1, and body fat(%),
or 24.3+3 were revealed to be normal even though the
body mass index is lower than that of a female college
student, 22.0+0.8(Kim et al. 1997). The Systolic Blood
Pressure, 115.3.+£7 2mmHg, and the Diastolic Blood
Pressure, 72.2.+4.8mmHg were normal : however, they
appear to be higher than those of Kim(1997), namely,
103.2.£3.1mmHg, and 65.4+2.2mmHg. The average
weight, 51.843.8kg tends to be lower than the standard
weight, 53ke of Korean adult standard stature(Table 1).

2. The investigation of Dielary Intakes

The dietary intakes were analyzed by Computer Aided
Nutritional Analysis Program(CAN-Pro, 1997, Table 2)
after three days of food-records. Daily intakes of energy
and protein were 1,701.6+486.1kcal(83.9% of RDA),
and 90.9+23.5g respectively while the protein intake
was higher than that of the Recommended Dietary Al-
lowances for Koreans, or 60g. Animal protein intake was
31.4+13.5g, and vegitable protein 59.41+122.8g ; diet-
ary lipid intake was 49.5+21.1g and carbohydrate intake
249.3+74.7g, dierary cellulose intake was 4.6+2.1g. Ca
intake, 472.1+247.7mg, and was 65.1% of RDA. Among
them, animal protein Ca intake was 2454 206.0mg, and
plant protein Ca intake was 227.24+101.3. P inrake was
916.0+320.0mg, and was 126.6% of RDA. The Ca: P
ratio was 1 : 2. This showed that Ca intake was low and
P intake was high. Iron intake was 10.6£4.9mg, 58.6%

Table 1. General characterislics of college women

Variables Mean=SE" Normal Value®
Agelyears) 20110 20-29
Height(cm) 160.9£3.3 160
Weight(kg) 51.8+3.8 53
BMI(kg/m?)¥ 19.1£1.1 18.5-24.9
Body fat(%) 24.3+3.0 21-24
Blood pressure(mmHg)

Systolic 115327.2 <135

Diastolic 7221438 <85
Pulse frequency(count/min) 77.5+6.8 70

1) SE=standard error 2) Normal Value=Standard of Korea
3) BMI(Body mass index)=weighl(kg)/height(m?)

Table 2, Average daily nutrient intake of college women

Nutrient intake %RDA
Energy(kcal) 1,701.6x  486.1 83.9
Protein(g) 909+ 1235 147.9
Anirmal protein(g) 314+ 136
Plant protein{g) 5944+ 12238
Fat(g) 496+ 217
Cabohydrate(g) 24934+ 747
Fiber(g) 4.6+ 2.1
Calmg) 4721+ 2477 65.1
Animal Ca(mg) 2450% 206.0
Plant Ca(mg) 2271+ 1013
Pimg) 916.0:+ 320.0 126.6
Fe(mg) 10.6% 4.9 58.6
Na(mg) 3,870.5+1,923.5

K(mg) 19835+ 6920




of RDA, which was regarded as a low intake. Sodium in-
take was 3,870.5+1,923.5g and was higher than RDA.

While the subjects in this study had 147.9% of RDA in
protein intake, 83.9% of RDA in encrgy intake, and 65.1%
of RDA in Ca intake, the results of Yoo's case showed
that the protein intake was 100.9% of RDA, energy in-
take was 86.1% of RDA, and 74.3% of RDA in Ca intake
(Yoo ct al. 1998) In this study, the protein intake was
high.

Protein affects body Ca and bone metabolism through
the change of kidney function. That is to say, several stu-
dies on animals(Howe et al. 1983 ; Petitto et al. 1984)
and humans(Koo 1982 ; Lutz et al. 1981 ; Zemel et al.
1981) have reported that high protein diet in the grow-
ing period increascs the amount of Ca excrefon through
urine, affecting the strucmre and function of kidney and
enhances Ca resorption from bone structure in order to
maintain the level of blood Ca evenly. So the subjects
should reduce the protein intake because the tendency to
high protein intake increased Ca excretion of urine and
and Ca resorption of bone, and that may induce bad in-
fluence on bone metabolism. And then the Ca intake
must be emphasized and increasc so as to reach peak
bone density.

3. The Clinical Analyses of blood

Serum total cholesterol was 167.2+21.5mg/dl, Tri-
glyceride 74.3+18.4mg/dl, VLDL-Cholesterol 14.9+4.
9mg/dl, HDL-cholesterol 51.248.0mg/di, LDL-Cho-
lesterol 98.8+23.7mg/dl, and the LDL-cholesterol /HDL-
cholesterol ratio was 1.9+0.6. These results indicared that
the lipid compositon of the subjects was normal.

Serum total protein was 8.940.5g/dl, and albumin 5.
1£0.3g/dl. The total protein was a little higher than the
normal range, and albumin within the normal range. Se-
rum GOT was 20.7£3.311U/L, and serum Ca 8.7%0.
4mg/dl. The serum GOT was on the normal range al-
though it was higher than the GOT of Kim's study, 16.
1TU/L(Xim et al. 1997). Likewise, the serum Ca was on
the normal range, bur it was still lower than serum Ca of
Yoo's case, 9.3mg/dl(Yoo et al. 1998). The comparison
between the normal range and the results was shown in
Table 3.

4. The Analysis of Bone Formation Index
Bone formation indices, scrum Alkaline Phosphatase
(ALP) and Osteocalcin were 68.0+£9.2unit/ml and 6.
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Table 3. Serum lotal cholesterol, triglyceride(TG), VLDL-cholesterol
(VLDL-C), HDL-cholesterol(HDL-C), LDL-chalesterol{LDL-
C), Total protein, Albumin, GOT of college women

Mean=+SE" Norma!l Value®”

Total cholesterol(mg/dl) 167.2+215 130-230
TG(mg/dl) 74.3+18.4 50 150
VLDL-Cimg/dl) 149+ 49

HDL-C(mg/dl) 51.2= 8.0 50-60
LDL-C(mg/dI) 98.8+23.7 130
LDL-C/HDL-C 19+ 0.6

Total protein(g/d]) 8.9+ 0.5 6.7-8.3
Albumin(g/dl) 51+ 0.3 3.8-5.1
GOT(UL) 207+ 33 0-35

1) SE=standard error
2) Normal Value=Standard of Korea(79 - 83)

Table 4. Serum ALP(alkaline phosphatase} and osteocalcin of colle-
ge women

Mean+SE" Normal Value®
Serum ALP(unit/ml) 68.0 +9.2 30-130
Serum osteocalcin(ng/ml) 5.88+2.72 5- 25

1) SE=standard error
2) Normal Value=5tandard of Korea

88=2.72ng/ml respectively, which were within the nor-
mal range. That was the same level of adults. The sub-
jects in this study were in the stage where their bone for-
maton was more significant than their bone loss and

their bone mass was increasing(Matkovic 1991).

5. BMD Measurement

Bone density was measured in the Lumbar Spine,
Right Hip, and Right Forearm. Regional average bone
densities were as follows : lumbar spine(L.2-14) is 0.964+
0.082g/cm, total right hip 0.8931+0.065g/cm, the neck
of right hip was 0.847+0.079g/cm, Trochanter 0.656--
0.069g,/cm, Inter trochanteric region 1.015+0.106g/cm,
Ward's Trangle 0.7844-0.093g/cm, and right for-carm
total was 0.583+0.02g,/ecm(Table 5).

Many of the subjects in this study had over 90%
BMDC of lumbar spine and right hip, and over 100%
BMD of the right forearm total. These results suggest
that they were higher than those standard BMD of WHO
(1994). However, the density of right hip Inter was as
low as 88% BMD and increased risk of osteopenia but as
regarded to age of subjects in this study, Still their bone
didn't reach peak bone mass yet. Lumbar spine had the
normal bone density, but about 30% of the subjects were
observed to had scoliosis.

There are three factors in defining intensity of bone :
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Table 5. BMD(Bone mineral densily) of college women

Region BMD" £5E” T(%) Z(%)

Lumbar spine(L.2-L4) 0.9641+0.085 -0.829+0.0686( 90.6%) -0.586+0.0716( 90.3%)
Right hip®

(Total) 0.8931+0.084 -0.721+0.0715( 91.4%) —0.687 £0.0685( 20.9%)
(Neck) 0.847 £0.097 —0.4474+0.0953( 94.7%) —-0.537+0.0862( 93.4%)
(Trochanter) 0.656£0.069 -0.677 £0.0810( 90.8%) —-0.854+0.0759( 91.7%)
(Inter) 1.015£0.106 - 0.898+0.0953( 88.5%) -0.44140.0736( 89.2%)
(Ward's triangle) 0.784%£0.114 -0.064+0.1003( 98.2%) -0.028+0.71000( 99.3%)
Right forearm”(Total) 0.5831+0.036 0.323+0.0604(103.3%) 0.3224+0.0587(103.2%)

1) unil=g/em2 2) SE==standard error

4)Right forearm=1/3(Radius+Ulna[R] 1/3 :
*Age and sex malched T=peak born mass

bone mass, bone quality, and geometry. Even, a problem
in one of the three factors may cause a problem of the in-
tensity of bone. Fractures of osteoporosis are a signal of
an extremely low intensity of bone. Scoliosis is a problem
of bone geometry and means that there is an increase in
the danger of bone fracture.

The regional averages of bone density in Yoo's case
was the following : lumbar spine(2—4) is 0.99g/cm, hip
neck 0.85g,/cm, hip trochanter 0.69g,/cm, hip ward's tri-
angle 0.85g/cm(Yoo et al. 1998). The measurements of
lumbar spine and hip neck were similar to those of this
study, but the measurements of hip trochanter and hip
ward's triangle were higher than those of rthis study.

Also, daughter(the average age : 27.4) in the study of
Lee's on Mother and Daughter Bone Density have lum-
bar spine(2—4), 1.19g/cm, hip neck, 0.89g/cm, hip tro-
chanter, 0.92g/cm, and hip ward's triangle 0.89g/cm
(Lee et al. 1996). The bone densities of females aged
from 17 to 34 in Lee's study(lumbar spine : 2—4, 1.21g/cm,
hip neck : 0.92g/cm, hip ward's triangle : 0.89g/cm, hip
tochanter : 0.86g,/cm) were higher than those of this study.

Bone density reaches its peak as it increases from pu-
berty to the lare twenties. Although there is no concrete
agreement on exactly when females reach peak bone den-
sity, it can be said that the bone density of the current fe-
male college students continues to grow(Meema et al.
1976 : Son 1996).

It is reported that females generally reach peak bone
density at the ages of about 20— 25, which increases un-
til their late twenties or the age of 30, complete the peak
bone density from about 30 to 34, and maintain it till at
the ages of 35— 40(Matcovic et al. 1991). There arc re-
ports that peak bone density has a great deal of effects
on bone loss and the danger of fracture due to aging

1/3 distal) + Mid(Mid-distal)+ UD(UIna distal ;

3)Right hip=Neck+ Trochanter+ Inter trochanleric reagion
Ultra distal)
Z=age matched

(Kim 1994). It was also reported that physiological bone
loss progresses gradually with aging, but the degree of
the bone density can be changed by a varety of influen-
tial factors, particularly, the amount of peak bone density.

The outcome of bone density measurement in this stu-
dy shows that the level of bone density of the subjects in
this study was wirhin normal range, but was located in a
lower part of the body than those of Yoo, Lee and oth-
ers(Lee & Lee 1996 ; Lee ct al, 1996 ; Yoo ct al. 1998).
Furthermore, the fact that some 30% of rhe subjects in
this stndy had scoliosis and can predict rhat the danger
of fracture will enhance when the physiological bone loss
is in gradual progress with aging. A great amount of Ca
intake, weight training, and adjustment of spine are re-
quired so that the bone density of the subjects in this
study can reach the peak, taking it into account thar they
are in the age in which bone formation rakes place.

6. The Measurement of Muscle Strength

The measurements of muscle strength are as follows
(Table 6): leg flexion strength is 17.83+2.68(kg)(right)
and 17.95+3.0%kg), leg extension power 37.09-+5.36
(right) and 35.77+5.19(kg), hand grip power 25.71+3,
26(kg)(right) and 24.64+3.17(kg), and back strength is
65.14+11.22(kg). The muscle strength of the subjects in
this study was marked as “bad” measured by the criteria
of the National Fitness Guidebook(KXSSI 1995). Muscle
contraction brings about bone formation by providing
physical stress that is concentrated on bone regionally
(Layon 1984 ; Layon 1992).

Also, the mechanism of bone density increase by mus-
cle swength causes osteoblastic activity and promotes
bone metabolism by creating bending and loading stress
that are endowed with bone by physical sdmulus causing,



the elecrric potential difference of the regional osteocyte
(Cho 1998).

The role of muscle strength became obvious in the re-
cent study. Dolye et al. reportegl that there is a signifi-
cant correlation between the weight of lumbar spine 3
and that of lumbar muscle strength, a similar correlation
between female bone density of lambar spine and back
strength after menopause(Dolye et al. 1970). They also
summarized thar lumbar spine, proximal femur, and ex-
tensor of the body are closely related with one another.
They suggest that muscle weight is an important factor
in deciding the bone weight when lumbar spin, proximal
femur, and extensor excrt their strength on the area
where bone and muscle arc connected. Therefore, jt can
be assumed that there are correlative reladonship between
lumbar spine and back strength, between lumbar spine
and proximal femur, between lumbar spine and leg ex-
tension power in this study.

A study on tennis players such as Huddeleston et al. in-
dicares that the bone density of an usually employed arm
is higher than that of an unemployed arm(Hyddeleston
ct al. 1980). This outcome allows us to learn the im-
portance of bone stimulus given by muscle contraction,
but this correladon is not very clear in the results of the

Table 6. Muscle strength of college women

Region Mean+SE”
Leg flexion strengthikg)

Right 17.83x 2.68
Lell 17.95+ 3.09
Leg extension power(kg)

Right 37.09+ 5.36
Left 35774 519
Hand grip power(kg)

Right 2571 3.26
Left 24.64+ 3.17
Back strenglh(kg) 65.14£11.22

1) SE=standard error
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research on muscle strength of the partcnlar area and
the bone density of that area in female subjects.

It is generally said that the more muscle strength is,
the more bone formation and bone density are. In this
study, their muscle strength was low, though their bone
density was normal. And the subjects are still in the pe-
riod rthat their bone formadon is in progress. Therefore,
their bones and muscles should be properly stmulated
by weight training.

The correlation between Various related

Factors and BMD

1. The correlation between body fat, total cholesterol,
T.G. and BMD

The relaton between body fat and bone density dis-
closes that the correlative reladonship between lumbar
spine and right hip, betwecn the bone density of the
right forearm and body fat failed to show the similar
correlaton at @=0.05, bur the bone density of MID.

These relations support the reports that the more body
far is, the higher bone density(Stacie et al. 1995), and
the bone density of obese females is higher than thar of
thin females namely, as weight training hardens bones,
so weight gravity of heavy weight is created to harden
bone in obesity case(Layon 1984, 1992).

The correlative relations between total blood cholester-
ol and TG, between VLDL-cholesterol and bone density
showed thar the Right forearm total and the total cho-
lesterol had a malignant correlation(r= - 0.369, p<{0.05)

; ward's triangle, TG, and VLDL-cholesterol have a beri-
gn correlation, respectively(r=0.347, p<(0.05(Table 7).

2. The correlation between muscle strength and BMD
The correlation between muscle strength and bone de-
nsity represents that the relationship between the bone

densides of lumbar spine, right hip, and right forearm

Table 7. Pearson's correlation coefficint among BMD, % Body fat, To-

BMD(L2-L4) RHT RHN RHW RHTR RHI RAT RA1/3 RAMID RAUD

% Body fat 0.038 0.151 0.169 0.158 0.212 0.104 0.061 0.238 0.259 0.227

Total cholesterol 0.184 -0.041 -0.024 0.112 -0.080 -0.038 -0.369* -0.066 -0.121 -0.143

TG 0.053 0.210 0.347* 0.122 0.109 0.202 -0.089 -0.063 -0.024 -0.038

VLDL-C 0.053 0.210 0.247% 0.122 0.109 0.202 -0.089 -0.063 - 0.024 -0.038
*p<0.05 BMDL2-L4 : Lumbar spine 2 -4 BMD RHT : Right hip total BMD

RHN : Righl hip neck BMD
RHI : Right hip inter BMD
RAMID : Right forearm MID BMD

RHW : Right hip ward's triangle BMD
RAT : Right forearm total BMD
RAUD : Right forearm UD BMD

RHTR : Right hip trochanter BMD
RA1/3 : Right forearm Radius+Ulna[R] 1/3 BMD
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and muscle strength, failed to show a significant corre-
lation in p <{0.05(Table 8).

The muscle contraction creates bone formation by pro-
viding physical stress that is focused on bone regionally.
Also, Sinaki et al(1986) stated that there is a notable
correlation betwcen the bone density of female lumbar
spine after menopause and back strength, and there is a
close relationship between the bone density of lumbar
spine and right hip and extensor of body(Halle et al.
1990 ; Sinaki et al. 1986). Huddeleston et al(1980) sug-
gested that the bone density of a mainly employed arm
is higher than that of an unemployed arm. However,
there were not corrclative relationships between lumbar
spinc and back strength, and berwcen hip and leg ex-
tension power as was indicated in Table 8.

As there was a remarkable difference in the bone den-
sities betwcen one group of people who work out reg-
ularly more than three times a week in a long term
period and the other who don't in the smdies of Park's
and Lee's(Lee et al. 1997 ; Park et al. 1997 ; Park 1998),
there was no significant difference in the degrees of mus-
cle streng-th, becanse the muscle strength of the subjects
in this study was evaluated as “bad” according to the
standard of Natonal Fitness Guidebook, and the regular
and irregular work-out period was less than three
months. Therefore, muscle strength didn't put a great in-
fluence on bone density, and the correlation between
bone density and muscle strength is considered to be in-

significant.

3. The correlation between osteocalcin, alkaline phos-
phatase{(ALP) and BMD

The relationship of osteocalcin, ALP, and bone density

shows that bone density and osteocalcin have no im-

portant correlation at 0<{0.05, but the relationship of

right forearm total, bone density, and ALP(r=-0.475,
p<C0.05) was malignant.

It is generally known that serum osteocalcin in females
tends to grow gradually as they get older undl they are
30 years old or so, and serum osteocalcin becomes about
twice as much as the bone replacement starts augme-
nting drastically after menopause(Kim 1996). The reason
why scrum osteocalcin is in high concentradon is con-
sidered that bone formation is established to counteract
bone loss after menopause. Additonally, the higher the
index of bone formation, the higher the index of bone
absorption . the thickness of serum osteocalcin is higher
than the normal range, and the correlation between the
index of bone metabolism and that of bone formation is
significantly high. Alkaline phosphatase is formulated in
osteoblast(Hong et al. 1999), secreted and isolated inro
the blood as an index that can predict the progress of
bone creation(Han 1998). It increases in females after
menopause(Kim 1996), and decreases when the inhibiror
of bone absorption is udlized. Besides, it increases in re-
nal osteodystrophy, hyperpara thyroidsim, hyperthyroidi-
sm, osteomalacia and so forth ; this study, however, repr-
esents the fact that there are malignant relationships
berween the density of right forearm total and ALP, and
between the bone density of UD and ALP is related to
the enhancement of ALP after menopause, even though
ir failed to indicate a high numerical value as an index of
bone formation even in the period of bone formaton of
females' in their twenties. Table 9 shows the relatonship

berwcen bone density, osteocalcin, and ALP.

4. The correlation of the intakes of protein, potassium,
and sodium, serum total protein, albumin, and BMD

The relationship berween the intakes of protein, Ca, K

and BMD showed thar there were malignant correlative

Table 8. Pearson's correlation coefficint between BMD and muscle strength

BMD(.2-L4) RHT RHN RHW RHTR RHI RAT RA1/3 RAMID RAUD

Hand grip power(Right) 0.045 -0.167 -0.061 -0.131 -0120 -0.210 0.094 0.056 -0.012 0.051
(Left) 0.198 -0.081 -0.044 -0.093 -0.092 -0.09 0.175 0.162 0.088 0.064

Back strength 0.000 -0.041 -0.103 -0.069 -0.138 0.012 -0.077 -0.097 -0.200 0.082
Leg fexion strength(Right) 0.213 0.044 -0.012 0067 -0.038 0.Q77 0.081 0071  -0.097 0.004
(Lef0) 0.157 0.013  -0.036 0.001  -0.070 0.057 -0.104 0.009 -0.063 -0.088

Leg extension power(Right) —0.019 -0.004 -0J18 -0.021 -0.065 0.008 -0.007 0.051  -0.065 -0.021
(Left) 0.053 0.025 -0.052 -0.002 -0.015 0.032 0.156 0025 -0.024 0.115

p<C0.05

RHN : Right hip neck BMD

RHI : Right hip inter BMD
RAMID : Right forearm MID BMD

BMODL2-L4 : Lumbar spine 2 -4 BMD
RHW : Right hip ward's triangle BMD
RAT : Righl forearm total BMD
RAUD : Right forearm UD BMD

RHT : Right hip tolal BMD
RHTR : Right hip rochanter BMD
RA1/3 : Right forearm Radius4UIna[R] 1/3 BMD



relationships between the K intake and the BMD of
Right Forearm UD(r=-0.343, p<0.05), between the
Na intzke and the BMD of Right Forearm UD(r= - 0.
350, p<0.05). However, there was no notable relation-
ship of the BMD of other areas, protein, Na, Ca, and K
at p<{0.05. There were benign rclations between blood
albumin and lumbar spin(1—4)r=0.35, p<0.05), betw-
een blood albumin and right hip neck(r=0.33, p<{0.05)
(Table 10).

High salt intake is known for promoting bone ab-
sorption(Koo 1982), because the more salt intake, the
more Na excretion of urine, and then the excretion of
Ca will increase with Na excretion. Despite the fact that
the mechanism of the change of Ca excredon has not
clearly recovered, it may be considered thar the second
potassium excretion is elevated because the increase of
Ca intake caused by high Ca intake brings about an in-
crease of sodium and H,O in renal distal flow, which
helps increase remal tubule flow(Seung 1995). Furth-
ermore, protein affects body Ca and bone metabolism
through the transformation of kidney function(Luts et al.
1981 ; Zemel et al. 1981). In other words, several stu-
dies on animals and human bodies reveal that when fe-
males have high protein intake in their diets(Howe et al.
1983 : Petitto et al. 1984), this dietary habit affects the
structure and function of kidney and increases Ca ex-
cretion of urine and finally, enhance the Ca reabsorption
from bone structure in order to maintain the level of
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blood Ca evenly. However, there is little research on K.
As a result, the Ca intake plays an important role in
bone formaton, the more Ca intake, the more intense
the bone density. The fact that the intakes of protein
and Na of the subjects in this study were higher than
those of the recommended amount could infer the in-
crease of Na excretion of urine and Ca excretion, which
would be considered to enhance the second K excretion.
Also, the high of blood total protein was a cause of the
decrease of bone density, but albumin was considered to
indicate the nurrirional state of protein.

5. The correlation of age, height, weight and BMD

The correlaion between age, height, weight and BMD
showed that there was no correlation between the BMD,
age and weights of the subjects in p <{0.05(Table 11).

There was a tendency that the older females become,
the higher their bone densities were © the taller and heavi-
er they were, the higher their bone densites were(Cho
1998). It is said that weight increase affects the bone den-
sity of the spine. As weight training hardens bone, so the
weight gravity of heavy weight hardens bone in the case
of obesity. However, the fact that the ages and weights
of the subjects were not correlated at p<0.05.

Summary and Conclusions

This study was conducted to investigate the level of fe-

Table 9. Pearson's correlation coefficint among BMD, osteocalcin and ALP

BMD(L2-L4) RHT RHN RHW RHTR RHI RAT RA1/3 RAMID RAUD
Osteocalcin -~ 0.064 -0.092 0.050 -0.151 -0.069 -0.133 -0.076 -0.024 -0.228 -0.139
ALP -0.123 —-0.030 -0.002 0.026 0.120 -0.050 ~0.474* -0.138 -0.141 -0.277*
*0<0.05 BMDL2-L4 : Lumbar spine 2 —4 BMD RHT : Right hip total BMD

RHN : Right hip neck BMD
RHI @ Right hip inler BMD
RAMID : Right forearm MID BMD

RHW : Right hip ward's triangle BMD
RAT : Right forearm lotal BMD
RAUD : Right forearm UD BMD

RHTR : Right hip trochanter BMD
RA1/3 : Right forearm Radius+Ulna[R] 1/3 BMD

Table 10. Pearson's correlation coefficinl among BMD, nutrient intakes, serum total protein and serum albumin

BMD(L2-L4) RHT RHN RHW RHTR RHI RAT RA1/3 RAMID RAUD
Protein 0.039 -0.13 0.011 0.077 -0J25 -0179 -0.096 -0.136 -0.150 0.081
Serum total protein 0.016 0.097 0.156 0.065 - 026 0121 -D273 -0068 -0.133 -0.14]
Serum alburnin 0.358* 0.260 0.338* 0.230 0.053 0.281 -0.001 0.019 0.026 0.005
Ca -0.068 —-0.000 0020 -0033 -0.008 0.012 0.266 0.267 0.320 0.024
K -0.080 0.051 0.062 0.078 0.042 0090 -0219 -0.113 -0.189 -0.343
Na —-0.088 -0.027 -0.030 -0.136 -0.066 0.032 0.181 -0036 -0.142 -0350

*p<0.05

RHN : Right hip neck BMD

RHI : Right hip inter BMD
RAMID : Right forearm MID BMD

BMDL2-L4 : Lumbar spine 2 —4 BMD
RHW : Right hip ward's triangle BMD
RAT : Right forearm total BMD
RAUD : Right forearm UD BMD

RHT : Right hip total BMD
RHTR : Right hip trochanter BMD
RA1/3 : Right forearm Radius+Ulna[R] 1/3BMD
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Table 11. Pearson's correlation coefficinl belween BMD and general characterislics

BMD(L2-L4) RHT RHN RHW RHTR RHI RAT RA1/3 RAMID RAUD
Age 0.144 -0.046 ~0.766 -0.108 —-0.053 0.044 =011 0.114 -0.026 0.013
Height 0.105 -0.149  -0.069 -0.133 -0.252 -0.142 -0.116 0.117 -0.147 ~0.254
Weight 0.096 0.072 0.098 0.081 0.106 0.065 -0.008 0.222 0.132 0.035
*p<0.05 BMDL2-L4 : Lumbar spine 2 -4 BMD RHT : Right hip total BMD

RHN : Right hip neck BMD

RHI : Right hip inter BMD

RAMID : Right forearm MID BMD
male college students' bone density, the correlatdon betw-
een the level of female college students' bone density
and vatious influential factors. It was conducted to 47 fe-
male college students who are in their first year to their
scnior year from October, 1998 to December, 1998.
The dietary intake measurement, anthropometric meas-
urements, bone density, muscle strength measurement,
and blood analysis were conducted. The results of the ex-
periment on the correlation between the level of female
college students' bone density and various influential fac-
tors are as follows :

1) The subjects were average 20.1 years old, 160.9cm
tall, and 51.8kg weigh. Their body fat was 24.7%, blood
pressures were 115.3+7.2mmHg(systolic pressure), 72.
244 8mmHg(diastolic pressure). The number of pulse is
77.5+6.78 time/minute.

2) The intakes of protein and salt were higher than
those of the recommended amount, but the Ca intake
was 65.1% of RDA.

3) The outcome of clinical blood experiment showed
that the total amount of protein, 8.9+ 0.5g/dl was some-
what higher than the normal range. Other factors levels
of total cholesterol, TG, the portion of VLDL-cho-
lesterol, HDL-cholesterol, LDL-cholesterol, LDL,/HDL,
blood albumin, GOT, and the concentration of Ca, and
the analysis were normal, which indicate that the subjects
were in good condition.

4) Muscle strength was lower than that of National Fit-
ness Guidebook.

5) Osteocalcin, or an index of bone formation and
AIP were normal, and BMD was in the normal range
with the 90% of T-score.

6) The correlation between BMD and related factors
reveals thar there were benign relations of body fat, T.G.,
Ca intake, blood albumin, GOT and BMD(p<0.05):
there were malignant relations between ALP, total cho-
lesterol, blood total protein, Na intake, Ca intake, height,
pulse and BMD(p <0.05).

RHW : Right hip ward's triangle BMD
RAT : Right forearm total BMD
RAUD : Right forearm UD BMD

RHTR : Right hip trochanter BMD
RA1/3 : Right forearm Radius+Ulna[R] 1/3 BMD

As could be shown in the above, the bone density of
the subjects were normal, but their muscle strength, or
an environmental factor of BMD were lower than the av-
erage. Also, the intakes of protein and salt were higher
than those of the recommended amount, but the Ca in-
take appeared to be very low(65.1% of RDA). The fact
that the benign reladons berween Ca intake, blood al-
bumin and BMD : the malignant relations between the
concentration of ALP, blood total protein, the intakes of
Na and Calcium, Height and BMD were predicted to
have a bad influence on the BMD after menopause. There-
fore, female college students were well advised to take
more and more Ca so that they could reach peak bone
density, to be moderate in taking protein and salt, and
to do exercise that could cause the simulus of bone for-
mation. Finally, there should be in-depth research on the
related factors of bone density in the future.

References

Chang YK, Oh EJ, 5an YS(1988) : A study of Fating habits & heal-
th condition in college women. Korean J Nutr 26(3) : 43-51

Cho 55(1998) : Effect of consumers indentification with organiza-
tion on marketing activities Doctorate degree thesis, Seoul Wo-
men's University

Doyle F, Brown ], Lachance, C(1970) : Relation between bone mass
and muscle weight. Lancer 1 : 391-393

Drafitt AM(1978) : Quantum concept of bone remodelling and tur-
nover. Implication for the pathogenesis of osteoporosis. Cacif
Tissue Int 28 1 1-5

Drinkwater Bl, Nilson K, Chesnutlii CH, Bremner MB(1984) : Bone
mineral content of amenorrheic and eumenorxheic athletes. New
EnglJ Med 311 : 277-281

Halle ]S, S8midt GL, ODwyer KD, Lin 5Y(1990) : Relationship betw-
een trunk muscle torque and bone mineral content of the lum-
bar spine and hip in healthy postmenopausal women. Physical
Therapy 70(11) : 690-699

Han IK(1998) : Drug Theraphy of Osteoporosis. The 6" the Study
on the Disease of Internalsecretion Metabolism, pp.111-119

Hong JU, Choue RW, Back JY, Cho HJ, SYB(1999) : The study of
correlation between serum vitamin K concentration and bone
metabolism in postmenopausal women, Korean J Nutr 32(3)



287-295

Howe JC, Beecher GR(1983) : Dietary protein and phosphorus. ef-
fect of calcium and phosphorus metabolism in bone, blood
and muscle of rat. J Nutr 113 : 2185-2195

Huddeleston AL, Rockwell D(1980) : Bone mass in lifetime tennis
athletes. J Am Med Assoc 244 @ 1107-1109

Jakobovits C, Halstead P, Kelly L, Poe DA, Young CM(1977) : Eat-
ing habits and nutrient intakes of college women over a thirty-
year period. Am .J Diet Assoc 71 : 405

Kim HS, Yoo €H(1997) : The effect of Ca supplementation on the
Na, K metabolisrn and blood pressure in college women. Kore-
an J Nutr 30(1) : 32-39

Kim KY(1996) : Clinical uses of biochemical index. The 2™ Sympo-
sium of Osteoporosis Kyung Hee University, Institute of in-
ternalsecretion, pp.41-50

Kim MC, Choi JH, Kim TH(1995) : The study on cognition level of
osteoporosis related to postmenopause in women. J Home Me-
dicine 16(3) : 298-305

Kim WY(1994) : Osteoporosis and dietary factors. Korean J Nutr 27
(6) : 629-645

Koo JO(1982) : The effect of dietary protein and calcium on uxinary
calcium in young men. Korean J Nuir 15 © 235-241

Korea Sport Science Institute(1995) : Nationnal Fitness Guide Book

Lanyon LE(1984) : Functional strain as a determinant for bone re-
modelling. Calcif Tissue Int 36 : $56-61

Lanyon LE(1992) : Control of bone architecture by functional load
bearing. J Bone Miner Res 7 : 5369-375

Lee HJ, Lee TK(1996) : Bone mineral desity of korean mother-daugh-
ter pairs : Refation to anthropometric measurement, body com-
position, bone markers, nutrient intakes and energy expendi-
ture. Korean J Nutr 29(9) : 991-1002

Lee KM, Kim CB, Choi JH, Kim TH(1997) : The effect of systemic
exercise for 10 weeks on bone density in aged men. Chung
Buk University, Whole life physical education institute journal
956

Lutz J, Linkswiller HM(1981) : Calciumn metabolism in postmeno-
pausal and osteoporotic women consuming two levels of di-
etary protein. Am J Nutr 34 : 2178-2186

Matkoviec V(1991) : Diet, genetics and peak bore mass of adoles-
cent girls. Nutr Today March/April : 21-24

Meema 5, Meema HE(1976) : Menoposal bone loss and estrogen re-
placement. Israel J Med Sci 12 : 601-606

Metz JA, Anderson JB, Gallagher Jr PN(1993) : Intakes of calcium,
phorous, and protein, and Physical activity level are related to
radial borie mass in young adult women. Am J Clin Nutr 58 :
531-542

NIH Technology Assessment Conference Panel(1993) : Methods for
voluntary weight loss and control. Ann Intern Med 119 : 764

HB Na - §Y Jung - 107

Park HT, Part SG, Lee YY, Kim YG(1997) : The effect of jogging-
trainning for 24 weeks on aerobic power and bone density in
postmenoposal women. Korean J Sportsmedicine 15(1) : 36-44

Park $G(1998) : The effect of mild exercise on the bone density in
postmenoposal women. Kor J Sportsmedicine 16(1) : 126-134

Petitto SL, Evans JL(1984) : Calcium status of the growing rat as af-
fected by diet acidity from ammonium chloride, phosphate and
protein. J Nurr 114 : 1049-1059

Petra JM, Lips P(1994) : Long term effect of calcium supplementa-
tion on bone mass in perimenopaual women. J Bone Miner Res
(suppl) : 963-970

Pollitzer WS, Anderson JB(1989) : Ethnic and genetic differences in
bone mass @ a review with a hereditary vs environmental per-
spective. Am J Clin Nutr 50 @ 1244-1259

Rowe PM(1994) : New US recornmendations on calcium intake. La-
neer 343 . 1559-1560

Seung JJ(1995) : The effect of intake level of Ca on Ca,Na, K meta-
bolismin in different aged female rat. Korean J Nutr 28(4) : 309-
320

Sinaki M, Mcphee Mc, Hodgson SF, Merritt JM(1986) : Relation-
ship between bone mineral density of spine and strength of
back exercise in healthy postmenopausal women. Mayo Clin
Proc 61 : 116-122

Son HY(1996) : Etiology and epidemiology of osteoporosis. The 2™
Symposium of Osteoporosis Kyung Hee University, Institute
of internalsecretion, pp.1-11

Stacie ] Fruth, Teddy W Worrell(1995) : Factor associated with men-
strual irregularities and decreased bone mineral density in fe-
male athletes. Literature Review 22(1)

Wadden TA, Foster GD, Letizia KA, Stunkard AJ(1992) : A multi-
center evaluation of a proprietary weight reducton program
for the treatment of marked obesity. Arch Int Med 152 : 961-966

Wadden TA, Foster GD, Stunkard AJ, Linowitz JR(1989) : Dissatis-
faction with weight and figure in obese girls. Discontent but
not depression. Int J Obes 13 : 89-97

Welten DC, Kemper HCG, Post GB(1994) : Weight-bearing activity
during youth is a more important factor for peak bone mass
than caldum intake. J Bone Miner Res 9 : 1089-1096

Yoo CH, Lee Y5, Lee J5(1998) : Some factors affecting bone density
of korean college women. Korgan J Nutr 31(1) : 36-45

Zemel MB, Schuette SA(1981) : Role of the sulfur-containing amino
acids in protein-inducted hypercalciuria in men. J Nugr 111 :
545-552

De Zwaan M, Mitchell JE, Seim HIL, Speoker 5M, Pyle RL, Ray-
maid NC, Crosby RB(1994) : Eating related and general psy-
chopathology in obese females with binge eating disorder. Ins
Earing Dis 15 : 43-52



