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Abstract

This study is examined the effect of past and present lifestyle habits and nutrition on the
osteo-sono assessment index (OSI) in pre- and post-menopausal females. The subjects were
200 premenopausal females (38.810.3years) and 156 postmenopausal females (59.2+5.9
years). BMD (Body mineral density) was estimated by right-calcaneal OSI using an
ultrasonic transmission method with an AOS-100 device (ALOKA). The number of
postmenopausal females in the close examination and guidance required groups (80 cases:
51.3 %) (OSI < 2.428) was significantly higher than that of premenopausal females (44 cases:
22.0 %) ( x 2=33.105: P<0.000).

In premenopausal females, the proportion of subjects that had not taken vitamin D in the
past (in junior high school and high school) was significantly higher in the close
examination-guidance required group (OSI < 2.428) than in the normal group (OSI =
2.428). However, in postmenopausal females, there was no significant difference in past and
present lifestyle habits and nutrition between the close examination-guidance required group
and the normal group. In premenopausal females, it was determined that the intake of vitamin

D during puberty increased the absorption of calcium significantly.

Keywords: lifestyle and nutrition habits, osteo-sono assessment index, pre and

postmenopausal females
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Introduction

The occurrence of osteoporosis with bone-thinning and brittle bones is high in elderly
people [1-3]. The complications of fractures limit daily activities (ADL) and reduce the
quality of life (QOL) of the affected individuals [4-6]. Even when the level of bone loss is
below normal (osteopenia), the risk of fractures is high [5]. Females in particular are prone to
have osteoporosis and should pay particular attention to the increased risk of a nutritionally
deficient diet [6,7].

On the other hand, the significance of healthy eating habits in addition to exercise to
maintain and increase BMD has been established [1,8]. In females, bone mass increases
during puberty with skeletal growth and peaks from the late teens into the twenties.
Afterwards, bone mass is merely maintained from the late thirties to early forties [5,6]. Bone
mass density peaks during youth. Increased BMD through proper nutrition, exercise,
exposure to sun, etc. are all effective measures for preventing osteoporosis [2]. Hence, it will
be necessary to correlate not only present conditions, but also life style habits during youth.
Aging is a significant factor which affects BMD. However, the effects of lifestyle habits (the
amount of sleep and alcohol consumption, etc.) and nutrition on the bone mineral density in
females have been studied specifically in elderly people and young students [1,2,7,9,10].
However, the effects of lifestyle habits should be researched for people of a wider age range.
On the other hand, the bone mass of postmenopausal females decreases markedly with a
rapid decline in estrogen levels [11]. Hence, studies on the BMD in females should be
considered from the onset of menopause. This study examined the effects of past and present
lifestyle habits and nutrition on the osteo-sono assessment index (OSI) in pre- and

post-menopausal females from age 20 to 70.

Methods
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Subjects

Subjects were 200 premenopausal females (38.8+10.3 years) and 156 postmenopausal
females (59.2+5.9 years). Table 1 shows the number of subjects, and their mean heights and
weights, at each age level. Written informed consent was obtained from all subjects after a

full explanation of the experimental purpose and protocol.

***** Table 1 near herg *****

Measurement of osteo-sono assessment index (OSI) and setting of OSI group

BMD was estimated by the right-calcaneus using an ultrasonic transmission method with
an AOS-100 device (ALOKA). The calcaneal osteo-sono assesment used the osteo-sono
assesment index (OSI: TIxSOS?) by calculating speed of sound (SOS) of ultrasonic
transmission in the calcaneus and the transmission index (T1) as described previously [12,13].

The quantitative assessment of bones has generally been performed by Dual X-ray
absorptiometry(DXA) and quantitative ultrasound (QUS) [14]. The DXA can measure the
total body bone mineral density and is mainly used for precise measurement after screening
tests [5]. The QUS is very practical and safe without the effects of radiation [5]. The OSI by
AQOS-100 has high reliability [14]. Thus, this study used an AOS-100 by QUS. The Japan
Osteoporosis Foundation [5] classified females into a close examination (OSI < 80% of an
average OSI = 2.158), a guidance required group (2.158 = OSI < 90% of an average OSI =
2.428) and a normal group (OSI =2.428) based on an average OSI (OSI = 2.698) of females
between 20 and 44 years old by osteo-sono assessment criteria. In this study, we combined
the former two groups considering a sample size of each age level and compared the close
examination and guidance required group (OSI < 2.428 ) with the normal group (OSI =

2.428).
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Lifestyle and nutrition habits questionnaire

At present, factors found to be involved in BMD by a large-scale prospective cohort study
(Japanese Population-Based Osteoporosis (JPOS) Study) have been examined [15,16]. These
prospective cohort studies have the advantage of being prospectively able to measure the
predictor, but also require considerable time [17]. The present study is equivalent to a
retrospective cohort study [17] and while recall bias may affect the conclusions, useful
findings can be identified at an earlier stage.

The study evaluated past and present lifestyle habits and nutrition by questionnaires. The
survey was carried out just before a measurement of OSI. Naka et al. [2] selected menopause,
regular milk consumption, intensity of physical exercise, and awareness of eating habits and
physical activity as lifestyle habits. Tomita selected breakfast habits and regular consumption
of milk and dairy products, fish and shellfish, meat products etc. during childhood and later
years (about 6 — 15 yr) as well as eating habits. Elgan et al. [18] selected 10 items (dietary
habits (i.e. sugar, fat, fiber, and fruit and vegetables), physical activity, smoking habits,
alcohol consumption, time spent outdoors etc.) as lifestyle habits. The Japan Osteoporosis
Foundation [5] selected alcohol, tobacco, coffee, milk, dairy products, fish, meat, soy
products, green and yellow vegetables, and natto as meal and articles of taste items for their
interview sheet. Referring to the above, this study selected the following 9 items to
investigate present eating habits: (1) sleep duration, (2) frequency of alcohol consumption,
(3) smoking habits, (4) intervals without meals, (5) regular consumption of dairy products
(milk, cheese, yogurt, etc.), (6) intake of calcium supplements, (7) intake of vitamin D (fish,
chicken egg, fungi), (8) intake of instant food (instant noodles, instant coffee, etc.), and (9)
frequency and length of exposure to sun.

The agreement rates of 9 question items by the test-retest method of 59 subjects ranged

-5.
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from 0.559 — 0.983. Their « coefficients [19] ranged from 0.287 (P=0.010) - 0.890
(P=0.000) and any value was significant. As stated, the subjects’ past lifestyle habit (in junior
high school and high school) regarding (1) amount of sleep, (2) intervals without meals, (3)
intake of dairy products, (4) intake of vitamin D, and (5) intake of instant food were among

the above 9 items surveyed.

Data analysis

Both groups were classified into pre- and post-menopausal females, cross tabulations of
the frequency of past and present lifestyle habits and nutrition were made, and then
independent tests were performed. When a significant difference emerged, residual analysis

was used. A probability level of 0.05 was indicated statistical significance.

Results

Fig. 1 show the results of the osteo-sono assessment index (OSI). The number of
postmenopausal females in the close examination and guidance required groups (OSI <
2.428) was significantly higher than that (44 cases: 22.0 %) of premenopausal females ( x 2=
33.105: P<0.000). The number of people in the close examination and guidance required
groups increased with age, particularly in people 50 years and older.

Table 2 (premenopausal females) and Table 3 (postmenopausal females) show cross
tabulations by the frequency of OSI groups and the frequency of present lifestyle habits and
nutrition. An independent test showed significant differences in the amount of sleep in the
premenopausal group of females. However, the results of residual analysis showed no
significant differences in any category. In postmenopausal females, there was no significant
difference in any present lifestyle habits or nutrition.

Table 4 (premenopausal females) and Table 5 (postmenopausal females) show cross

-6.
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tabulations by the frequency of OSI groups and past lifestyle habits and nutrition (in junior
high school and high school). An independent test showed significant differences in the
amount of sleep and intake of vitamin D in the group of premenopausal females. The results
of residual analysis showed significant differences in the intake of vitamin D, and there was a
higher proportion of subjects taking no vitamin D in the close examination-guidance required
group (z=2.77>2.64 : p<0.05). In postmenopausal females, there was no significant

difference in past lifestyle habits and nutrition.

***x* Figure 1 near here *****

****x* Table 2 - 5 near herg *****

Discussion

The Japan Osteoporosis Foundation [5] set the level for close examination (OSI < 2.158)
when using an AOS-100 device (ALOKA) as 0.8 - 1.0 % in people 40-year olds, and 5.2
-11.4 % in 50-year olds. In this study, they were respectively 1.3 % and 8.7 %. Hence, the
level for close examination was considered to be standard.

There were no differences in present lifestyle habits and nutrition by OSI level. Nutrition
and eating habits in addition to exercise habits are important for maintaining and increasing
BMD. Principal minerals for absorption of calcium are magnesium and Vitamin D [7]. We
surveyed past and present consumption of dairy products and vitamin D excluding
magnesium and present intake of calcium supplements. Lloyd et al. [20] reported that by
increasing daily calcium intake from 80% of the recommended daily allowance to 110% via
supplementation with calcium citrate malate resulted in significant increases in total body and
spinal bone density in adolescent girls. The proportion of those test subjects taking no vitamin
D (fish, chicken egg, fungi etc) was higher in the close examination-guidance required group

-7.
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than in the normal group. The considerable amount of time that elderly people spend indoors
also decreases Vitamin D synthesis through the skin in addition to their intake of vitamin D
[5]. Dawson-Hughes et al. [21] examined during a long-term (3-year) study that the proper
intake of vitamin D with intake of calcium helps reduce the decrease of BMD. Intake of
sufficient calcium and vitamin D additionally promotes the absorption of calcium in the small
intestines, maintains calcitriol in the blood, and prevents an increased parathyroid hormone
(PTH) level. This contributes to a reduction of bone loss [5,21]. The absorption of calcium is
supported by the intake of vitamin D during puberty (junior high school and high school age)
which increases bone mass with skeletal growth which may be very important for increasing
peak bone mass.

On the other hand, there was no difference in the past or present lifestyle habits and
nutrition in postmenopausal females between the close examination and guidance required
groups and the normal group. Bone mass decreases with age at the rate of about 3 % a year
through a lack of estrogen even in normal postmenopausal females [22]. Elderly people may
need to increase their daily requirement of calcium as their intestinal calcium absorption
decreases [23]. Hence, with increasing age and lack of estrogen, the bone metabolism of
postmenopausal females is largely affected, thus obscuring the effect of past and present life
habits on bone mass changes. In addition, because of the long interval since puberty for
postmenopausal females, subsequent lifestyle habits (eating habits and exercise) may have a
greater affect on BMD. Hence, a long-term study should be done considering the BMD of
youth.

This study did not examine the effect of exercise stimulus. Sanada et al. [24] reportedly
showed a significant relationship between calcaneal bone strength and the strength of triceps
muscle in postmenopausal females. Bone mass increases by imposing the load of body mass
on the lumbar spine. Thus, the bone structure of the lower limbs and thereby the bones of the

-8.
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upper and lower limbs and spine benefit from the mechanical muscle stimulus received from
twisting, distortion, and towing. Therefore, BMD is the result of past and present exercise and

lifestyle habits.

Summary

This study examined the effect of past and present lifestyle habits and nutrition on OSI in
pre- and post-menopausal females from 20 to 70 years of age.

1. The number of postmenopausal females in the close examination and guidance required
groups (80 cases: 51.3 %) (OSI < 2.428) was significantly higher than that of premenopausal
females (44 cases: 22.0 %) ( x °=33.105: P<0.000).

2. In premenopausal females, the number of subjects who had not taken vitamin D in the
past (in junior high school and high school) was significantly higher in a close
examination-guidance required group (OSI < 2.428) than in the normal group (OSI =
2.428). However, in postmenopausal females, there was no significant difference in past and
present lifestyle habits and nutrition between the two groups.

3. In premenopausal females, it was inferred that increased intake of vitamin D during

puberty is important to increase the absorption of calcium.
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Figure legends

Figure 1 Result of osteo-sono assessment index (OSI)
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Table 1 Physique of subjects

Height (cm) Weight (kg)

N  Mean SD Mean  SD

20s 44 161.0 5.0 53.8 55
30s 61 158.8 5.2 53.4 7.2
40s 76 158.3 5.2 53.9 8.1
50s 104 156.6 4.8 54.2 6.5
60 s 62 154.7 5.7 52.8 7.9
70s 9 1523 4.2 52.3 6.6
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10

Table 2 Present lifestyle and nutrition habits and the OSI of premenopausal females

. . Less than More than 6 More than 7 More than 8
Sleeping time 6 hours hours - less  hours - less hours i p 10)
than 7 hours  than 8 hours
Result of OSI CEGR 10(-1.04) 29(2.39) 4(-2.05) 1(0.96) 7.891 0.048* 0.20
j Normal 48(1.04) 71(-2.39) 36(2.05) 1(-0.96)
Alcohol intake No 1-3timesa 1-3timesa nearly every
month week day
CEGR 19 8 6 10 7.76 0.051 0.20
Result of OSI Normal 50 62 22 21
Smoking No Have a habit Quit
CEGR 35 4 5 0.602 0.74 0.06
Result of OSI Normal 127 16 12
Skip a meal No Breakfast Lunch Supper
CEGR 35 5 0 0 1.664 0.645 0.09
Result of OSI Normal 125 18 2 4
. 1-3timesa 4-7timesa
Intake of dairy prodcts No month week
CEGR 3 20 21 0.63 0.73 0.06
Result of OSI Normal 15 62 79
Intake of Ca supplement No Rarely Continuous
. CEGR 33 7 3 0.564 0.754 0.05
Result of OSI Normal 110 31 14
Intake of vitamin D No 1-3timesa 4 -7timesa
week week
CEGR 5 25 14 2.200 0.333 0.11
Result of OSI Normal 8 94 54
Intake of instant food No 1-3timesa  More than
month once a week
CEGR 5 14 25 1.816  0.403 0.10
Result of OSI Normal 27 56 71
Sunbathing No 1-3timesa More than 4
week times a week
: CEGR 14 15 15 1.557 0.459 0.09
Result of OSI Normal 39 68 46

Note) CEGR:close examination or guidance required group, *: P<0.05,

Number shown in parentheses is the Z score of the residual analysis.

-16-
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Table 3 Present lifestyle and nutrition habits and the OSI of postmenopausal females

_ _ Less than Morethan 6  More than 7 More than 8
Sleeping time 6 hours hours - less  hours - less hours X2 p 0]
than 7 hours  than 8 hours
Result of OS] CEGR 22 37 17 4 1.330 0.722 0.09
esuit o Normal 17 38 19 2
Alcohol intake No 1-3timesa 1-3timesa nearly every
month week day
CEGR 44 16 8 11 3.907 0.272 0.16
Result of OSI Normal 43 8 8 17
Smoking No Have a habit Quit
CEGR 68 7 4 1.028 0.598 0.08
Result of OSI Normal 63 6 7
Skip a meal No Breakfast Lunch Supper
CEGR 71 3 3 0 1942 0584 0.12
Result of OSI Normal 66 3 1 1
. 1-3timesa 4-7timesa
Intake of dairy prodcts No month week
CEGR 4 29 45 1.001 0.606 0.08
Result of OSI Normal 2 25 48
Intake of Ca supplement No Rarely Continuous
CEGR 57 11 10 2349 0309 0.12
Result of OSI Normal 60 5 11
Intake of vitamin D No 1-3tmesa 4-7timesa
week week
CEGR 7 40 32 0.012 0.994 0.01
Result of OSI Normal 7 38 30
Intake of instant food No 1-3timesa  More than
month once a week
CEGR 21 24 33 2,787 0.248 0.14
Result of OSI Normal 27 24 22
Sunbathing No 1-3timesa More than 4
week times a week
CEGR 12 31 30 2534 0.282 0.13
Result of OSI Normal 10 23 39
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Table 4 Past lifestyle and nutrition habits and the OSI of premenopausal females

L Less than More than 6 More than 7 More than 8
Sleeping time 6 hours hours - less  hours - less hours 2 p [0)
than 7 hours  than 8 hours
Result of OSI CEGR 1(-1.96) 10(-0.89) 15(0.87) 7(2.16) 8.471 0.037 0.23
Normal 20(1.96) 48(0.89) 46(-0.87) 10(-2.16)
Skip a meal No Breakfast Lunch Supper
. CEGR 32 5 0 0 1.225 0.268 0.08
Result of OSL N ormal 112 31 0 0
. 1-3timesa 4-7timesa
Intake of dairy prodcts No month week
CEGR 4 20 14 1.825 0.402 0.10
Result of OST N ormal 16 61 72
Intake of vitamin D No 1-3timesa 4 -7timesa
week week
CEGR 5(2.77%) 22(0.17) 8(-1.47) 8.712 0.013* 0.22
Result of OSI Normal ~ 4(-2.77%)  87(-0.17)  51(L47)
Intake of instant food No 1-3timesa  More than
month once a week
CEGR 7 19 8 0.710 0.701 0.06
Result of OSI
esult of O Normal 24 79 44

Note) CEGR:close examination or guidance required group, *: P<0.05,
Number shown in parentheses is the Z score of the residual analysis.
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Table 5 Past lifestyle and nutrition habits and the OSI of postmenopausal females

More than6  More than 7

. . Less than More than 8
Sleeping time 6 hours hours - less  hours - less hours XZ D [0)
than 7 hours  than 8 hours
CEGR 4 24 23 9 0.891 0.828 0.09
Result of OST o mal 6 20 25 10
Skip a meal No Breakfast Lunch Supper
Result of OSI CEGR 55 8 2 0 2527 0283 0.14
Normal 52 11 0 0
. 1-3timesa 4-7timesa
Intake of dairy prodcts No month week
Result of OS] CEGR 15 39 10 2.937 0.230 0.15
esuto Normal 13 36 19
Intake of vitamin D No 1-3timesa 4 - 7timesa
month week
CEGR 7 40 15 1.946 0.378 0.12
Result of OST ol 5 38 23
Intake of instant food No 1-3timesa  More than
month once a week
CEGR 25 27 10 0.203 0.904 0.04
Result of OSL ol 24 29 12
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