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Peak Bone Mass and Affecting
Factors in Korean Women

Sung-Kil Lim, Nam Ho Lee, Jong Ho Lee', Mi Sook Choi
Yoon-Sok Chung, Kwang Jin Ahn, Hyun Chul Lee and Kap Bum Huh

Maximizing peak bone mass is advocated as a way to prevent osteoporosis. To evaluate the peak bone
mass and the affecting factors in Korean women, we analyzed bone stiffness in 116 middle school stu-
dents, 118 high school students and 115 female college students by using the Achilles densitometer
(Lunar Corporation). Peak bone stiffness of Korean women was relatively lower than that of white
women (94% of white women) and a rapid rise of bone stiffness was observed in those subjects 3~4
years after menarche. In adolescent females without menstruation, the bone stiffness was lower than
that of adolescent girls with menstruation. The factors affecting the peak bone mass was similar to the
risk factors of post menopausal osteoporosis: menstruation status, calcium intake and physical activity.
The amount of calcium intake in Korean girls at the critical age (3~4 years after menarche) was
lower than the RDA (requirement of daily allowance) at this age. To improve any program aimed at
maximizing peak bone mass, further intensive study will be required to evaluate some other common

factors affecting peak bone mass in Korean.
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Previous studies have focused on the admi-
nistration of calcium supplements and hormo-
nal replacements to post menopausal women
for the prevention of osteoporosis (Heany et al.
1991; Lindsay et al. 1978; Kiel et al. 1987). Recent-
ly many researchers have recognized that peak
bone mass is more important, and that initial
bone mass is a better predictor of post meno-
pausal fractures (Dhuper 1990; Seeman et al.
1988; Tylavsky et al. 1989). The rapid accumula-
tion of bony tissue in the lumbar spine and
femoral neck of female individuals is quite dis-
tinct in Caucasian women, since most of the
total gain in BMD/BMC recorded in girls be-
tween the age of 9~ 18 is accumulated within a
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4-year period from 11~15 years of age (Bomour
et al. 1991; Gilsanz et al. 1988).

Many factors affect the development of peak
bone mass, including genetics, sex, diet, exer-
cise, and hormones (Pock et al. 1987; Buchanan
et al.-1980). Many populations in developing
countries have shorter stature, smaller skele-
tons, and also lower calcium intakes than those
in Western countries. Delayed development of
peak bone mass has also been observed in west
African adolescents whose calcium intake was
relatively low during adolescence (Lo ef al.
1990).

Bone mineral density of Koreans is lower
than that of Caucasians (Yong et al. 1988). The
amount of calcium intake is also lower than
that of Caucasians, and their major source of
calcium intake from food is more from non-ani-
mal source than from dairy products (Ministry
Health and Social Affair 1989).

We evaluated the critical period for rapid ac-
cumulation of bone mass in Korean women and
the major determinants of peak bone density to
maximize the peak bone mass and minimize
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the impact of post menopausal and age-related
bone loss. Bone mass was assessed in 12~21
year old healthy Korean subjects by using an
Achilles bone densitometer at the level of Os
Calcis.

MATERIALS AND METHODS

Normal female subjects were recruited from
middle and high school and colleges in Seoul.
Those subjects with a previous history of bone
disease, illness, drug use or delayed puberty
which could affect bone mass were excluded.

All subjects were seen by the same investiga- .

tor. Height and weight were measured, and the
body mass index (BMI) was derived from the
formula: BMI=kg/m’ Bone stiffness was as-
sessed by an Achilles densitometer from Lunar
Radiation, Madison, Wisconsin, USA, as previ-
ously described (Langton ef al. 1990). BUA and
bone stiffness were analyzed. The precision, ac-
curacy and reproducibility of this machine
have been previously reported (Heany et al.
1989). Appropriate dietary calcium was estimat-
ed by questionnaire as described previously
(Fox et al. 1990). Basal energy expenditure and
total physical activity were measured by the 24
hr recall method (Christian et al. 1991). The
results were analyzed by simple correlation.
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RESULTS

The relationship between bone stiffness and
age is depicted in Fig. 1. Bone stiffness was in-
creased rapidly during the ages of 12 to 13.
After then, the increments of increasing bone
stiffness became slower until the age of 16 and
reached the plateau phase after 16 years. The
rapid increment was also observed during the
first 6 months period after menarche after
which it became slower until 3 years after men-
arche (data not shown). BUA also showed simi-
lar findings (Fig. 2). Bone stiffness at 21 years
of age was only 94% of bone stiffness in 20~40
year old Caucasian women (Fig. 1). Bone stiff-
ness of postmenacheal ‘girls was always much
higher than that of premenacheal girls at the
same age. Height and body weight have a posi-
tive correlation with bone stiffness in pre-
menacheal girls (Fig. 3). However the correla-
tion with height was not observed in post-
menacheal girls. Total daily energy expendi-
ture and calorie intake have a positive correla-
tion with bone stiffness in postmenacheal girls
(Fig. 4). Total calcium intake and animal calci-
um intake also have a positive correlation with
bone stiffness (Fig. 5). The amount of calcium
intake at age 12, 13, 14 and 15 was 461 mg,
719 mg, 768 mg and 867 mg respectively (Fig. 6).
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Fig. 1. Age-related increments of bone stiffness in adolescent females.
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Fig. 2. Age-related increments of BUA in adolescent females.
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Fig. 3. Relationship between bone stiffness and body status in adolescent females (@ — postmenarche,
O—premenarche).
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Fig. 4. Relationship between bone stiffness and total calori intake or total energy expenditure in adolescent females
(@ — postmenarche, O— premenarche).
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Fig. 5. Relationship between bone stiffness and calcium intake in adolescent females (@ — postmenarche,
O—premenarche).
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Fig. 6. Bone stiffness, BUA and total calcium intake according to the age in adolescent females with regular menstru-
ation.

This value was lower. than the U.S. Recom- in both males and females bone mass continued

mended Daily Allowance (RDA) 1,200 mg.

to accumulate substantially at all skeletal sites
until the fourth decade (Stevenson et al. 1982).
However, many recent studies failed to reveal

DISCUSSION any significant difference between a group of
14-to 19-year old adolescent females and a co-
hort of young adults, aged 25~35 year (Riggs et

The generally accepted notion has been that al. 1990). Previous reports have indicated that
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the rate of bone mass formation increases con-
tinuously until 15 or 16 years of age (Bonjour et
al. 1991). However, our data showed three dif-
ferent phases: a very sharp increase of bone
stiffness at 12 and 13 year of age, a slow in-
crease of bone stiffness until 16 years, and a
plateau phase after 16 or 17 years. The discrep-
ancy might be caused by the different site of
examination. This might be the first paper to
evaluate the formation of peak bone in Os
Calcis by using the Achilles. The measured
bone mineral densities by antero-posteriol pro-

jection of the spine always include a lot of cor-

tical bone, including the spinous process. How-
ever Os Calcis is mainly composed of trabecu-
lar bone, and tradbecular bone is much more
sensitive to the change of serum estradiol than
is cortical bone. Even though Os Calcis is not
an important fracture site related to osteoporo-
sis, our data might reflect the true maturation
phase of trabecular bone in women.

Bone stiffness was much different between
girls who had reached menarche and girls who
had not reached menarche at any age. This
suggested that sex hormones are very impor-
tant for the formation of peak bone mass. The
increasing rate of slope was stiff at 12 and 13
year of age, and bone mass accumulation had
only a positive correlation with height in pre
menacheal girls, while the mean ages of menar-
che in our subjects were 13.6+0.8 years old.
Thus our data confirmed again that bone mass
accumulation in girls is less directly dependent
upon factors that determine the timing of the
pubertal stage occurrence than upon those that
control the age-dependent statural growth
(Bonjour et al. 1991).

Physical activity and total calorie intake af-
fected bone mass in our study as in others
(Johnson et al. 1992). We also have confirmed
that more physically fit and stronger girls have
greater bone stiffness (Bonjour et al. 1991). The
amount of calcium intake, total or animal calci-
um intake, has a good positive correlation with
bone stiffness. However total calcium intake in
12~15 year old girl was less than the Recom-
mended Daily Allowance (RDA) for this age:
1,200 mg/day (Christian et al. 1991). Low calcium
intake delayed the formation of peak bone
mass in Zambian girls (Lo et @l. 1990). However,
we don’t know whether the limited amount of
calcium intake in our subjects can delay peak
bone mass because we don’t have any reference
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values in Os Calcis.

From this study we found that the peak bone
mass in Korean women seemed to be slightly
lower than that of Caucasians, and the rate of
bone accumulation in Os Calcis was different
from that of the spine and femoral neck. En-
couraging more calcium intake and exercise
with early detection of delayed puberty might
be very important for prevention of osteoporo-
sis at a later age. However more studies are re-
quired to find more common environmental
factors affecting peak bone mass in Koreans.
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