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Abstract
XA0404101

Using Hologic DR-2000 DEXA, the BMD determination is performed in 350 selected
Shanghai residents of both sexes across the age range 15-50. The results show that in
female groups the peak value of LI-L4 BMD is 1. 015±0. 101 glCM2 at the age of 31-35,
in male groups it is 0985+0.102 glCM2 aged 31-35 and the peak period lasts till the
groups aged 41-50. The similar conclusion is also obtained by further statistics. Trace
element studies of iliac crests ftom five normal subjects are also performed by NAA.

1. INTRODUCTION

In recent years, the number of the elderly peoples increases rapidly at a 3 per year in China.
Up to the end of 2000, the old peoples over sixty years will break through to two hundred
million. Osteoporosis is a common disease occurring among elderly peoples special for
menopause women. It has a high incidence and easily causes other secondary affection and
symptoms such as fracture and ostealgia. It is seriously harmful to elderly people's health. With
the coming of old aged society the prevention and treatment of common diseases should be paid
more attention. Since the beginning of 1994, our research group in cooperation with Shanghai
6th People's Hospital is carrying on bone density measurements as a part of Coordinated
Research Project (CRP) organized by the International Atomic Energy Agency (IAEA). The
purpose of this study is to determine the age of peak bone mass in each study group of
Shanghai residents and to quantify differences in bone density as functions of the age and sex
of persons in the study groups. At the same time we should get the normal human BMD
reference database special for Shanghai residents in China. The roles of various lifestyles,
exercise, diet and so on, are also investigated.

2.SUBJECTS

Normal healthy subjects of both sexes were selected from Shanghai city residents who had
lived in the city more than 10 years. Most selected subjects were students, employee, slaff
members and workers. An interviewer administered structured questionnaire and certain
physical characteristics (such as age, weight and height) were also measured. Some criteria
were provided as an example of the types of disease and drug therapies that were known to
interfere with bone and mineral metabolism. These chronic diseases including kidney disease,
hepatic disease, hyperparathyroidism, hyperthyroidism, hyperprolactinemia, amenorrhea
(young women), oopherectomy heumatoid arthritis, ankylosing spondylitis, Paget's disease,
malabsorption syncromes, cancer, atraumatic fracture and some chronic drug therapy including
steroid therapy, anticonvulsant use, fluoride therapy, diuretics, estrogen therapy, were
commonly employed to exclude subjects from a BMD measurement database. The studies of
bone density were carried out in subjects of both sexes across the age range 15-50, 25 subjects
were determined in each 5-year age range.

3.METHODS

Bone density was measured in Shanghai 6th People's Hospital using QDR-200Q Dual Energy
X-ray Absorptiometry ( DEXA imported from USA Hologic Co. The positions of bone
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density measurement in our study were (a) in the lumbar spine region LI-L4, LI, L2, U, L4 )
and (b) at the femoral neck (neck, troch, inter, total, ward's). The method used to determine
BMD was that recommended by Hologic. All our technologists were trained by the
manufacturers at our site. Quality control was accomplished by periodic and regular
measurements of a spine phantom provided by manufacturer. As an external QC, the ESP
provided by Sheffield was measured 10 times by the same scanning technician who was
carrying out patient measurements during the CRP. Up to now, the BMD measurements of
total 350 subjects had been performed. We consulted the questionnaire of WHO osteoporosis
project and made some necessary modifications. Considering the characteristics of Shanghai
residents, we worked out an English-Chinese bilingual form on IAEA CRP Questionnaire.
Some useful information, such as: (a) general information; (b) history of fractures; (c)
reproductive history; (d) smoking history and physical activity; (e) dietary history and
supplements use and so on, were included in the form. Some dietary nutrient information,
including total caloric intake, dietary protein, carbohydrates, fats and calcium content were
calculated by nutritional experts based on the Food Composition Table in Shanghai. For every
selected subject in study group, both the questionnaire form and BMD measurement report
were well preserved for late statistics and evaluation.

According to the protocol of previous RCM, iliac crest bone was selected as the study sample.
The subjects used for biopsy studies of iliac crest composition were very difficult to be
obtained due to the legal provisions. Until now four female and one male ages distributed
between of 30 and 58 were selected.

The specimens of iliac crest were collected during orthopedic surgery on traffic accident
victims with pelvic injury. Each specimen was weighed and put into a freeze-drying machine.
After freeze-drying for about 40h at the temperature of- 40"C, we can get the dried weight of
the bones. Then each dried sample was put into olythene bag, which was sealed in a small
special bottle for NAA.

4. RESULTS AND DISCUSSION

4.1. Bone mineral density

First of all, we calculated the mean and the standard deviation (M±SD) of the height, age,
weight and the bone mineral density (BMDg/cm2) in the groups of each year age range. The
results of BMD measurements in 350 subjects of both sexes across the age rang 15-50 are
shown in Tables 2 Some necessary information such as height, weight, education, menarche,
energy and nutrient intakes is separately listed in Tables 35 for later evaluation. The
comparison of lumbar spine Ll-L4 BMD between male group and female group is shown in
Fig. I and the similar comparison of femoral neck BMD between male group and female group
is shown in Fig.2.

The results show that the BMD density of the male group aged 16-20 goes up, the highest is
0.985 g/CM2 aged 135. There is no obvious difference from each other among the other
groups and then the groups aged 41-50 tend to rise, which indicates that the peak comes at the
age over 26 and the peak period lasts till the groups aged 41-50.

The values of the female groups aged 31-40 are remarkably higher than the other younger
groups as well as the groups aged 41-50. Their bone density reaches the peak value at the age
of 31-35 which is 1.0 1 5 g/CM2 . Then their density begins declining after this period. It is
suggested that female peak comes later than that of the male and the peak declines at the age of
41-50, 10 to 20 years earlier than the male. The similar conclusion can be drawn using further
mathematical statistics. The data of LI-L4 BMD both male and female group are treated by
means of polynomial regression fit. The relationship of LI l-L4 BMD with age in female group
is shown in Fig 3 We can see that in female group the curve has a peak value, which is about
34 years old but in male group it is not obvious.
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Table 6 shows the growth rate of the bone density of the women at the age of 16 to 35 years old
and declining rate after the age of 35 years old. We can see that the female bone density
declines rapidly after the age of 45, which the relative change rate reaches 56%.

4.2. Minor and trace elements

NAA determination was performed using both reactors of Slowpoke and Code 492 at Institute
of Atomic Energy. First, samples were successively placed in a pneumatic transfer rabbit
system and irradiated min at a thermal neutron flux of x 10"-l X 1012 n.CM-2_S-1 in the
reactor. The radiation activities were measured by using an Ortec Ge(Li) detector having a
resolution of 1.85 KeV of 6Co-ray. The signals from detector were coupled to a 8192
multichannel pulse height analyzer equipped with PC computer system. After three months
these samples were again irradiated in the Code 492 reactor for 25 hours at a flux of 17 x 1013

n cm-2 S'Iand gamma rays coming from the samples were collected again after 20 days
cooling. Twice counting results such as net peak area, concentration and error were printed out
automatically based on an NAA computer program. The NAA results of five iliac crest bones

are shown in Table 7.

Analytical duality control is an essential part of the analytical procedure. The contents of all

elements were quantified by using prepared chemical standard method and the procedure was

checked by analyzing standard reference material Bone Meal 486 provided by NIST.

5. CONCLUSIONS

The peak of bone mass of lumbar spine for 175 Shanghai women is about 34 years

between the ages of 30 and 35 years.

In spite of the spreading of LI L4 BMD results it can be noticed a tendency to level
off in the whole interval of 16 to 50 years in the male group.

The female bone density declines rapidly after the age of 45 years, which the

relative change rate reaches 56%.
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Table 1. The results of BMD measurement in 175 female subjects of Shanghai residents (M ± SD)

Group n 1.1-1.4 LI 1.2 L3 L4 Neck Troch Inter Total Ward's
(Age) (9/cm 2)

F-1 25 0.914 0.836 0.901 0.940 0.938 0.816 0.689 1.032 0.887 0.754
(16-20) ±0.089 ±0.092 ±0.09 ±0.098 ±0.076 ±0.094 ±0.095 ±0.137 ±0.107 ±0.172

F-2 25 0.923 0.850 0.917 0.955 0.953 0.790 0.642 1.006 0.857 0.760
(21-25) ±0.103 ±0.116 ±0.107 ±0.115 ±0.11 ±0.109 ±0.098 ±0.126 ±0.109 ±0.115

F-3 25 0.965 0.869 0.965 0.997 0.995 0.747 0.627 0.994 0.848 0.706
(26-30) ±0.089 ±0.087 ±0.097 ±0.097 ±0.102 ±0.092 ±0.062 ±0.101 ±0.087 ±0.137

F-4 25 1.015 0.905 1.012 1.044 1.074 0.783 0.620 0.950 0.843 0.698
(31-36) ±0.101 ±0.096 ±0.105 ±0.099 ±0.123 ±0.093 ±0.068 ±0.209 ±0.072 ±0.125

F-6 25 1.006 0.925 0.996 1.034 1.058 0.875 0.667 1.072 0.917 0.779
(36-40) ±0.092 ±0.087 ±0.092 ±0.116 ±0.114 ±0.086 ±0.06 ±0.1 ±0.084 ±0.109

F-6 25 0.958 0.870 0.923 1.003 1.009 0.794 0.624 0.991 0.855 0.687
(41-45) ±0.09 ±0.089 ±0.108 ±0.094 ±0.094 ±0.089 ±0.081 ±0.11 ±0.098 ±0.135

F-7 25 0.906 0.814 0.896 0.945 0.943 0.740 0.594 0.953 0.815 0.586
(46-50) ±0.085 ±0.076 ±0.092 ±0.09 ±0.104 ±0.076 ±0.039 ±0.109 ±0.082 ±0.092



Table 2 The results of BMD measurement in 175 male subjects of Shanghai residents (M ± SD)

Group n LI-1.4 Li L2 L3 L4 Neck Troch Inter Total Ward's
(Age) (9/CM2)

M-1 25 0.965 0.912 0.978 0.992 0.974 0.925 0.757 1.148 1.004 0.854
(16-20) ±0.077 ±0.078 ±0.078 ±0.085 ±0.091 ±0.112 ±0.099 ±0.149 ±0.12 ±0.145

M-2 25 0.946 0.883 0.937 0.981 0.970 0.895 0.716 1.058 0.956 0.786
(21-25) ±0.094 ±0.091 ±0.097 ±0.095 tO.1 1 8 ±0.09 ±0.072 ±0.221 ±0.08 ±0.105

M-3 26 0.963 0.936 0.968 0.973 0.984 0.877 0.685 1.064 0.928 0.790
(26-30) ±0.119 ±0.12 ±0.113 ±0.113 ±0.134 ±0.098 ±0.07 ±0.104 ±0.082 ±0.114

M-4 25 0.986 0.940 0.990 0.998 1.001 0.830 0.677 1.067 0.916 0.720
(31-35) ±0.102 ±0.109 ±0.11 ±0 I 05 ±0.109 ±0.115 ±0.094 ±0.137 ±0.122 ±0.142

M-5 25 0.922 0.853 0.930 0.947 0.945 0.802 0.643 1.067 0.902 0.653
(36-40) ±0.114 ±0.101 ±0.125 ±0.137 ±0.116 ±0.094 ±0.071 ±0.117 ±0.092 ±0.126

M-6 25 0.937 0.883 0.942 0.949 0.963 0.788 0.625 1.027 0.874 0.639
(41-46) ±0.052 ±0.074 ±0.056 ±0.056 ±0.062 ±0.094 ±0.087 ±0.144 ±0.115 ±0.12

M-7 25 0.969 0.915 0.986 0.966 0.986 0.791 0.688 1.091 0.924 0.639
(46-50) ±0.061 ±0.079 ±0.051 ±0.097 ±0.088 ±0.076 ±0.061 ±0.08 ±0.068 ±0.116



Table 3 Basic characteristics of 175 male subjects in each year age group

Group n Age(years) Height Weight Education
range mean (cm) (kg) (years)

M-1 25 16-20 18.1±1.6 170±8 66.2±9.1 12.2±1.6
M-2 25 21-25 22.4±1.1 173±4 70.0±9.4 16.0±1.3
M-3 25 26-30 26.8±1.4 170±5 67.4±11 13.5±3.0
M-4 25 31-35 32.5±1.7 171±4 68.8±9.4 15.0±3.0
M-5 25 36-40 38.4±1.3 172±6 68.1±9.5 13.6±2.8
M-6 25 41-45 42.5±1.2 169±6 68.8±8.2 12.1±3.1
M-7 25 46-50 47.6±1.3 169±5 68.9±6.1 14.3±4.3

Table 4 Basic characteristics of 175 female subjects in each year age group

Group n Age(years) Height Weight Education Menarche
range mean (cm) (kg) (years) (age)

F-1 25 16-20 18.0±1.1 168±4 52.9±7.1 12.3±1.1 14.1±1.3
F-2 25 21-25 22.7±1.2 158±4 50.8±3.9 15.4±2.2 13.7±1.4
F-3 25 26-30 27.8±1.1 160±5 54.3±5.2 15.8±2.2 14.5±3.1
F-4 25 31-35 33.2±1.4 159±4 52.7±5.1 14.9±2.3 13.3± 1.1
F-5 25 36-40 38.3±1.2 160±5 61.8±7.0 13.4±2.6 14.2±2.0
F-6 25 41-45 42.6±1.5 160±4 59.3±7.2 10.0±2.6 14.9±1.8
F-7 25 46-50 47.9±1.4 159±6 58.0±9.4 15.6±3.1 14.3±1.4

Table Energy and nutrient intakes of Shanghai residents

n Male Female

Energy (kcal) 175 2228±340 1559±224
Protein (g) 175 76.1±8.1 57.8±9.6

Fat (g) 175 68.4±12.3 50.5±6.5
Carbohydrate (g) 175 313.5±24.5 206.9±21.6

Ca (mg) 175 481.7±77.6 376.4±75.5
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Table 6 Relative change rate of the bone density in female groups

Age range N LI-L4 BMD Rate
(year) (g/CM 2)

16-20 26 0.914 + .0
21 25 25 0.9 23 +4.4
26-30 25 0.965

+5.1
31-35 25 1.015

09
36-40 25 1.006 -4.9
41-45 25 0.958 - 56
46-50 25 0.906

Table 7 The results of inorganic elements of iliac crest by NAA

No.Sex(Age) I.F(30) 2.F(55) 3.F(39) 4.F(58) 5.M(31) SRM 1486
Elements

Al (ug/g) 0.683±0.01 0.762:hO.02 0.610±0.01 0.704:EO.02 0.720±0.02 0.834±0.02
Ca (mg/g) 176.6±2.1 138.0±2.1 127.6±1.7 170.0±2.0 128.7±1.7 265.0±1.8
Cl (Ug/g) 1350.4±21.6 1821.0±41.9 1879.4±31.9 2634.6±36.9 596.2±17.9 268.6±21.6

mg (uu,/,Gr,) 1688.6±43.3 1820.8:E80.0 1515.1±53.7 2029.8±59.5 1542.8±50.9 3814.8±42.0
Mn (ug/g) 0.811±0.07 0.897±0.07 0.712±0.05 0.598+0.06 0.937±0.05 1.456±0.07
Na (ug/g) 5372.6±49.3 4807.1±61.7 4757.3±53.4 6505.6±59.7 4216.4±46.4 5450.4±47.1
Co ( g 1-1) 0.081±0.005 0.234±0.019 0.063±0.009 0.250±0.008 0.174±0.007 0.034±0.008
Cr (ug/g) 2.832±0.28 13.15±1.12 6.916±0.636 4.337+0.286 6.228±0.324 4.331±0.280
Fe (ug/g) 89.84±4.94 172.85±15.56 89.1±8.91 75.32±4.67 56.32±4.055 96.2-k4.90
SC (ng/g) 0.852±0.1108 3.926±0.4318 1.662±0.2327 1.41±0.141 1.711±0.1368 1.361±0.132
Se (Ug/gg) 0.230±0.0616 0.283±0.138 0.092±0.0437 0.15±0.061
S r (ug/g) 51.41±4.421 67.17±15.25 47.82±8.751 86.81±7.292 67.96±5.097 73.42±5.081
Zn (Ug/g) 66.81±1.136 89.4±2.593 65.79±1.776 77.1±1.233 66.08±1.123 144±2.77
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Fig I.Comparison of lumbar spine 1-1-1-4 BMD between male group and female group
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