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SUMMARY REPORT

1. INTRODUCTION

Poor bone health is a major public health problem of worldwide concern. No country is immune. One of
the main concerns - osteoporosis - is a bone disease that usually affects older people (primarily post-
menopausa] women), leading to hip fractures, vertebral compression fractures, and other related problems.

In 1994 the IAEA (henceforth the "Agency") started a 5-year Co-ordinated Research Programme
(CRP) which addresses one particular measure of bone health - bone mineral density (BMD). The main
concept underpinning this CRP is that good bone health in later years is primarily determined by the
attainment of a sufficiently high BMD during early adulthood. The "core" objective of the Agency's CRP
is to investigate how BMD varies with the age, sex, ethnicity and geographical origin of the subjects over
the age range from 15 to 50 years. This is being done in the hopeful expectation that, by looking at a large
number of population groups with different lifestyle, nutritional and other parameters, it might be possible
to obtain some new insights into which factors are important for attaining a high value of BMD during early
adulthood, and for being able to maintain it at a sufficiently high level into old age. Further information
about the purpose and scope of the CRP may be found in the Report of an Advisory Group Meeting (AGM)
held in 1992 [1], and the report on the first Research Co-ordination Meeting held in 1994 [2].

The Second Research Co-ordination Meeting (RCM) for participants in the CRP - which is the
subject of the present report - was held at the University of California San Diego (UCSD), USA. The list
of participants is given in appendix 1 and the Agenda in appendix 2. The following report summarizes the
main conclusions of the meeting.

2. PROGRESS TO-DATE

An overview of the data on BMD reported by the participants during the meeting was prepared by Dr.
McCloskey (appendix 3). He concluded that the CRP participants have gathered an impressive amount of
data over the last 2 years. Given the fact that some age groups contain relatively small numbers of subjects,
the statistical uncertainties are still relatively large. Nevertheless, there do appear to be quite marked
differences in BMD across the centres, approaching approximately 10%. If confirmed, this could represent
a major difference in fracture risk for the future, if all other factors (bone quality, weight, fall predisposition)
were equal. Comparison of the data from the different centres participating in the CRP following
standardisation by the ESP and the collection of at least 25 subjects in each 5-year category of age and sex
will therefore be of great interest.

More information on the progress achieved by individual participants, and on their future plans for
implementation of the CRP, is presented in their respective country reports (annexes 1-12).

3. FUTURE IMPLEMENTATION OF THE CORE PROGRAMME

Objectives and scope:

It was agreed that the objectives and scope of the core programme remain unchanged from what has been
described in previous CRP documents [1,2] - with the following exceptions:

• one of the primary objectives is to determine the age range over which peak BMD is
maintained in each study group (rather than the age at which it is first achieved)

• the minimum number of subjects in each 5-year age range between 15 and 5£ years is changed
from 15 to 25 subjects of each sex; the recommended number is at least 50 (i.e. for both sexes



and for all age groups the total numbers of subjects are as follows: minimum = 350;
recommended = 700)

• in the age group 15-19 years, these subjects should preferably be distributed uniformly over
the age range, i.e. in each year of age: 5 males and 5 females (minimum); 10 males and 10
females (recommended).

Representative sampling of study populations:

It was recognized that several participants had experienced insurmountable practical difficulties in
developing and applying a method for truly random sampling of their study populations. Even in the cases
where random sampling schemes had been successfully developed, biases may nevertheless have been
introduced by low response rates. The following suggestions were made:

• all participants should be in a position to provide a complete description of (1) the population
from which their subjects were drawn and (2) the method(s) used for selecting subjects from
this population

• all subjects (particularly volunteers) should be examined critically for any evidence of unusual
concern about their own health (e.g. because of a lifestyle that could affect bone heath or
because of a family history of bone fractures)

• in cases of random sampling associated with a low (<70%) response rate, the degree to which
the responders are representative may be assessed by making a comparison of lifestyle factors
between responders and non-responders.

An additional exclusion criterion was introduced (the first in the following list), making the complete list
as follows:

moderate or severe scoliosis
known chronic illness (past or present) of >3 months duration
known chronic (>1 month) use of any medication other than dietary/vitamin supplementation
previous low trauma fracture
prolonged immobilization (> 1 month)
over-exposure to toxic metals or irradiation.

Excessive consumption of alcohol or cigarettes is not in itself a reason for primary exclusion of a subject;
however such lifestyle factors should be reported with the questionnaire data.

Although subjects may ultimately be excluded retrospectively if their BMD values appear to be
statistical outliers, their data should nevertheless be reported.

Questionnaire data:

Dr. McCloskey offered to provide the final version of the revised WHO questionnaire in three formats (1)
a printout, (2) an Excel spreadsheet file, and (3) an Access database file. Henceforth his institute will serve
as the Central Reference Laboratory (CRL) for the evaluation of BMD and questionnaire data submitted
to it. The questionnaire data should be sent to the CRL in either of the two computer formats specified
above.

The part of the questionnaire dealing with dietary history will exist in two different forms. For the
purposes of central data evaluation, only the following parameters (intakes per day) should be reported:
calcium, protein, fat, carbohydrate, and total energy. However, each participating centre will continue to
use the original WHO questionnaire (modified by each individual country to account for special ethnic food
items). The data so collected should be used by local dietary experts to derive the requested information
on calcium protein, fat, etc.



DEXA measurements:

The following specification of the measurements to be made on each subject remains unchanged, i.e.

essential: lumbar spine1 and femoral neck region

optional (but desirable): whole body.

It was further agreed that it would be desirable to include the hip-axis length as one of the parameters to
be measured and reported If the DEXA machine does not do this automatically, it will be necessary to do
it under the control of the operator. (Dr. McCloskey offered to provide some advice on how to do this with
the Hologic 1000 scanner.)

Participants were reminded that each laboratory should have its own written protocol for instrument
setup, calibration and internal quality control. If possible, the same instrument, software, procedures and
operator should be used for the whole duration of the CRP. Frequent (e.g. daily) checks should be made
with the laboratory's own in-house anatomic phantom (or equivalent), and results should be reported to the
CRL. In case of a change of instrument or software, this fact should be documented and detailed cross-
calibrations should be carried out with the in-house phantom and patients.

Reporting of DEXA data to the Central Reference Laboratory (CRL):

The following are to be reported:

• a description of the DEXA instrument and the software version used

• QC data on the in-house phantom (over the whole period during which measurements were
made on subjects for the core component of the CRP)

• information on any significant changes in instrumentation, software or operating procedures
during the period of the CRP

• processed data (as DBF files) from each of the scans (including information on hip-axis
length)

All the above data should be reported electronically (preferably be e-mail; otherwise on a floppy diskette
sent by mail).

In contrast to a decision taken at the first RCM [2], it was decided rjol to require reporting of any of
the "raw" scan data However, all such data should be kept (as computer files) at least until the end of the
CRP.

External QA/QC of the DEXA Measurements:

It was agreed to follow the protocol (appendix 4) suggested by Dr. McCloskey using the European Spine
Phantom (ESP) that has been acquired for this purpose. Each participant will, in turn, receive the ESP, and
is requested to forward it on, as soon as possible, to the next participant on the list after having performed
the prescribed measurements, and after having been informed by Dr. McCloskey of their acceptability. If
possible the ESP should be hand-carried from one participant to the next; otherwise a reliable courier
service may be used. The following itinerary was suggested: Canada, Turkey, Russia, IAEA, Hungary,
Croatia, IAEA, China (Beijing, Shanghai), Singapore, Philippines, Chile, Brazil, South Africa, UK. The
commercial value may be quoted as zero. The Agency will arrange for appropriate insurance. Preferably,
each participant should try to cover the cost of transportation (including insurance) to the next participant
from his/her own budget. If this is not possible, reimbursement may be requested from Dr. McCloskey.

1 Including individual values for L1-L4 (Hologic) or L2-L4 (Lunar)



Normalization of the data from different DEXA machines and study centres:

Normalization of the BMD data for different study groups will be carried out to a basis corresponding to
the known composition of the ESP. This will remove "biases" due to different machines, software and
operators and will permit a meaningful comparison of BMD values for the following regions:

• L2-L4 in the lumbar region, and
• femoral neck, Ward's triangle, and trochanleric region.

Genetic markers:

The recommendation from the previous RCM still remains in force, namely that, if possible, a blood sample
should be taken from each subject and stored for subsequent studies of vitamin D receptor alleles and other
relevant genetic markers. The preferred technique is to store a dried blood spots on filter paper.

4. TRACE ELEMENT STUDIES

There was extensive discussion of the recommendations of the Agency's consultants' meeting, which had
identified three different kinds of studies that could be carried out within the framework of the present CRP,
i.e. (1) autopsy studies of ileac crest composition, (2) biopsy studies of iliac crest composition, and (3)
dietary intervention studies.

The proposal that attracted the greatest interest was the second one on biopsy studies of ileac crest
composition. A majority of participants indicated that they would probably be in a position to collect such
samples from normal subjects - most readily during orthopedic surgery on traffic accident victims with
pelvic injury.

Several participants indicated that they would probably be in a position to collect suitable autopsy
samples. If both sources (autopsy or biopsy) are counted, then all participants appeared to be in a position
to obtain iliac crest samples of one kind or another. The collection and analysis of such samples could
therefore be a common activity for all CRP participants during the remaining lifetime of the CRP.

Before coming to such a final decision, however, it was agreed that all participants would consider
these proposals in more detail following their return home. There they will discuss the matter with
colleagues, and then provide the Agency's Technical Officer with a brief (1-2 page) description of how they
would propose to implement this phase of the project, including details of how the samples will be collected,
prepared for analysis and analyzed, and how many such samples will be collected. The Agency's Technical
Officer emphasized the importance or trying to arrange for all the analyses to be carried out locally (i.e. in
the same country). However, in case this turns out to be impossible, the Agency will try to make
arrangements for the samples to be analyzed elsewhere.

For the quality control of these analyses, the Agency has procured several units of the certified
reference material NIST SRM 1486 (bone meal), and these were distributed during the RCM to those
participants who expect to be able to make use of them.

Several participants requested more information on the procedure for taking autopsy and biopsy
samples of the iliac crest, and on the instrumentation needed for doing this. This will be provided.

One participant (Dr. Zaichick) expressed some reservations about the methods recommended by the
consultants for preparation of bone samples prior to analysis, and about the applicability of some of the
analytical techniques identified in the consultants' report. The Agency's technical officer invited him to
provide his comments in writing.

Several participants expressed interest in conducting dietary intervention studies of the kind
recommended in the consultants' report. However, it was felt that it would be more appropriate to do this
in a group of diseased persons rather than in a normal group (e.g. in osteopenic women). Such work was
considered to be potentially of great interest, but nevertheless outside the scope of the present CRP.



5. OTHER STUDIES

It was agreed that it would be of considerable interest if data could be obtained on the incidence of hip
fractures in populations similar to the study groups that are included in the core programme (i.e. for similar
populations, but in the older age range of 60 years and above). All participants were therefore
recommended to look into the possibility of obtaining such data with the help of medical statisticians in their
country.

Several participants continue to be interested in conducting studies on the biomechanical properties
of bone. Dr. Bose offered to provide a concept paper on this topic together with some suggestions on how
such work could be conducted within the framework of the current CRP.

Looking further ahead, it was agreed that there is a need for internationally co-ordinated studies of
bone density • similar to the present CRP - but looking at elderly persons rather than normal younger
subjects. This was suggested as a possible topic for a new CRP.

6. OTHER MATTERS

Participants were reminded of the existing policy with respect to publications arising out of this CRP, as
specified in the report of the previous RCM [2]. It was agreed that it would be inappropriate to prepare any
sort of interim report on the results of the CRP at least until the external QC exercise with the travelling
European spine phantom has been completed.

The Agency's technical officer informed participants that the next (and final) RCM for this CRP is
expected to take place in the second half of 1998. Offers to host this meeting would be welcomed.
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Appendix 2

AGENDA

Session 1: Monday, 7 October (Morning - starting 9:00 am) - Chair: PD Saltman

Welcome

Introductions

Adoption of the agenda

Status report on the Co-ordinated Research Programme
and administrative arrangements for the meeting
(ParrRM)

COUNTRY REPORTS (presentation of working papers)

Brazil
Canada
Chile
China

Borelli A
Krishnan SS
Lobo G
Qin Lin Lin

Session 2: Monday, 7 October (Afternoon) - Chair: NKAras

COUNTRY REPORTS (presentation of working papers - continuation)

China
Croatia
Hungary
Philippines
Russia

Zhang Yuanxun
DekanicD
Balogh A
Lim-Abrahan MA
Zaichick V

Session 3: Tuesday, 8 October (Morning) - Chair: D Dekanic

COUNTRY REPORTS (presentation of working papers - continuation)

Singapore
South Africa
Turkey
UK
USA

BoseK
Wynchank S
ArasNK
McCloskey E
Saltman PD

Session 4: Tuesday, 8 October (Afternoon) - Chair: KBose

SEMINARS

Scientific seminars on a number of topics related to the CRP were presented by staff of
the host institute and by several of the RCM participants
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Session 5: Wednesday, 9 October (Morning) - Chair: S Wynchank

SEMINARS - continuation

GENERAL DISCUSSION

General discussion on work to be undertaken by participants within the framework of the
CRP (see attached list of discussion topics)

Session 6: Wednesday, 9 October (Afternoon) - Chair: SSKrishnan

General discussion (continued) and preparation of the draft report on the meeting

Session 7: Thursday, 10 October (Morning) - Chair: EVMcCloskey

Final discussions

Report of the meeting

CLOSING OF THE MEETING

Session 8: Thursday, 10 October (Afternoon)

No formal session was foreseen at this time. However, the Agency's Technical Officer
was available for discussions on matters concerning individual research contracts.

NEXT PAGEJS)
Wi\ BLANK
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Appendix 3

Status report on BMD studies as of
10th October 1996

E.V. McCloskey

Introduction

In this interim report, I have simply documented the current status of BMD measurements as
reported in each of the working papers from the centres involved. Due to the uneven
distribution of subjects within each of the age categories, no attempt has been made to make a
statement about the age range of maximum bone density in young adults. Instead, I have
analysed, where possible, the mean BMD at the spine in the age group 26-40 years. For ease
of comparison, I have divided the data into that from centres using the different types of
densitometer (Hologic and Lunar). In the Hologic data, the lumbar spine results reflect values
of L1-L4 and this will mean that lower values would be reported compared to the Lunar results
even if both scanners employed the exact same method of analysis, as the Lunar scans only
include L2-L4. In addition, however, Lunar values will have a systematic difference of
approximately 10% due to machine differences in edge detection algorithms etc. Where
possible, values of total femur BMD have been shown in the Hologic tables and data for the
femoral neck BMD in the Lunar tables.

Results

Hologic Data

There appear to be close agreements in spine BMD in women at all centres except for Toronto
and Cape Town, where values are higher. The numbers are relatively low at the Toronto centre.
Interestingly, there seems to be differences in male spine BMD between centres with similar
female spine BMD (e.g. Santiago and Shanghai).

Men tend to have lower values of BMD than the women. At the femoral BMD, Cape Town
appears to have higher values compared to women at other centres consistent with the spine
BMD.

Lunar Data

Differences in spine and femoral neck BMD can be seen across the centres. Interesting
observations can be made, for example, of the inverse relationship between spine and femoral
neck BMD in women and men at the centres in Beijing and Debrecen.

The values of BMD are consistently high in Obninsk, resulting in a wide range of BMD values
across the centres, but the numbers of patients are relatively small.
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Conclusions

The CRP participants have gathered an impressive amount of data over the last 2 years. Given
the fact that some age groups contain relatively small numbers of patients, the statistical
uncertainties are still relatively large. Nevertheless, there do appear to be quite marked
differences in BMD across the centres, approaching approximately 10%. If true, this could
represent a major difference in fracture risk for the future, if all other factors (bone quality,
weight, fall predisposition) were equal.

Comparison of the data from the different centres participating in the CRP following
standardisation by the ESP and the collection of at least 25 subjects in each category of age and
sex will be of great interest.
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Centre

Shanghai

Sao Paulo

Santiago

Ankara

Cape Town

Toronto

•:N:ti;:-.Rarigev

Scanner

QDR2000

QDR1000

QDR1000

QDR2000/4500

QDR1000

QDR1000W

Total subjects
scanned

210

210

135

154

215

137

Women Spine
BMD(n)

1.001 (45)

0.995 (45)

0.990 (55)

1.000(41)

1.064(85)

1.112(21)*

0.990-1.112

Men Spine BMD
(n)

0.953 (45)

0.965 (45)

1.030(14)

0.970 (26)

-

Women Total
Femur BMD (n)

0.867 (45)

-

0.843 (41)

0.940 (85)

-

Men Total Femur
BMD(n)

0.911(45)

0.966 (26)

-

Table 1 Preliminary data for centres using Hologic densitometers. The mean spine BMD has been computed across the age range 26-40 from tables
and figures provided in the working papers from each centre. * Data from age range 21-40.

Centre

Zagreb

Beijing

Debrecen

Obninsk

Manila

Singapore

Range

Scanner

DPX

DPXL

DPXL

DPXL

DPXL

DPXL

Total subjects
scanned

112

395

258*

94

45

86**

Women Spine
BMD (n)

-

1.192(91)
1.119(166)
1.217(26)
1.170(9)

1.179(62)
1.119-1.217

Men Spine BMD
(n)
.

1.139(70)
1.228(92)
1.202(14)
1.218(9)
1.127(24)

-

Women Femur
Neck BMD (n)

•

0.932 (91)

0.863 (166)

1.026(26)

0.908 (9)

0.901 (62)

Men Femur
Neck BMD (n)

0.978 (70)

0.978 (92)

1.105(14)

1.046(9)

0.991 (24)

CO

Table 2 Preliminary data for centres using Lunar densitometers. The mean spine BMD has been computed across the age range 26-40 from tables
and figures provided in the working papers from each centre. * Data from age range 31-48. *• Only data for Chinese included.
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Appendix 4

PROTOCOL FOR THE MEASUREMENT OF THE EUROPEAN SPINE PHANTOM

1st October 1996

Dr Eugene V McCloskey
WHO Collaborating Centre for Metabolic Bone Diseases
University of Sheffield Medical School
Beech Hill Rd
Sheffield S10 2RX
UK

Tel: (44)-l 14-2712750
Fax: (44)-l 14-2739176
e-mail: e.v.mccloskey@shef.ac.uk

Introduction

In order to allow comparison of bone mineral density across the centres involved in this study, the different
types of densitometers need to be cross-calibrated using an independent phantom. The European Spine
Phantom (ESP) has been developed for this purpose and its use validated in a number of studies (Kalender
and Felsenberg 1991, Kalender 1992, Genant et al 1994, Genant 1995). The ESP contains 3 "vertebrae"
of different areal densities ranging from low (approximately 500mg/cm2) through medium (approximately
1000mg/cm2) to high (approximately 1500mg/cm2).

Checks before measurement of the ESP

Please inspect the ESP to ensure that it has not been damaged in transit before measurement. Contact Dr
Eugene McCloskey at the above address if there are any problems or queries.

Measurement and analysis of the ESP

The ESP can be measured at any time during the normal working day, but please ensure that the standard
daily calibration of the scanner has been carried out using the phantom provided by each individual
manufacturer.

The ESP should be measured by the same scanning technician(s) who are carrying out patient measurements
during the CRP.

The ESP is measured in an identical way to that of patients - it is not scanned as a phantom.

The phantom will be scanned 10 times (i.c 10 individual patients) without repositioning between scans.

Enter the details of the phantom to the patient's details on the scanner. When entering the surname (last
name, family name) for the first scan, enter ESP-01 as the name. Apart from the identity of the scanning
technician, no other details need to be entered to the database. For the second and subsequent scans, enter
the last name as ESP-02, ESP-03 etc up to ESP-10 on the last scan.
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Position the phantom on the scanner table top, on top of the table pad and aligned along the long axis of the
table (Figure 1).

Scan the ESP in the normal way as described for patient measurements in the manufacturer's protocol.
Analyse each scan of the ESP in the normal way for an individual patient (for standardisation, the 3
"vertebrae" can be classed as L2, L3 and L4). The "compare" method for analysis of repeat scans available
on most scanners should not be used.

Print the results of each scan analysis. The printout should contain the area, BMC and BMD for each of
the three "vertebrae" rather than just a total result.

Centralised data collection

All of the results of the 10 ESP scans at each centre will be collated at the Sheffield centre. Please fax the
printouts of the 10 scans to Dr McCIoskey at the number shown on the front page of this protocol. A hard
copy of the printouts should also be forwarded by mail.

Please wait for confirmation of receipt of the data in Sheffield and for confirmation of the ESP scan quality
before forwarding the ESP to the next centre involved in the CRP.

Forwarding the ESP to the next CRP centre

In many respects, this is the most crucial component of the quality assurance and cross-calibration study.
Obviously, if the ESP is lost or damaged in transit the whole cross-calibration study will be jeopardised and
our ability to analyse the data in the study will be severely limited. It has not been possible to arrange
transport of the ESP to all centres through one courier agency. Thus each centre is responsible for the
transportation of the ESP to the next CRP centre. The centres involved are listed at the end of this protocol
and the ESP should be forwarded to the centre immediately below your centre on this list.

Once confirmation has been received from Sheffield, the ESP should be carefully repacked in its carrying
case and secured with the keys provided.

Please ensure that a high quality courier service is used and that the ESP is insured during transit to the next
centre.

Inform the Sheffield centre of the name of the courier company, the date of despatch, the expected date of
delivery and any other details (flight numbers, waybill numbers) which would allow us to keep track of the
ESP.

A letter will accompany the ESP for use at customs clearance etc, but please check whether other local
requirements are necessary to ensure smooth transport of the ESP

If there are any problems or queries, please do not hesitate to contact Dr McCIoskey in Sheffield.
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STUDIES OF OSTEOPOROSIS IN URBAN RESIDENTS OF SAO PAULO,

BRAZIL, USING ISOTOPE RELATED TECHNIQUES.

DR. AURELIO BORELLI

School of Medicine (Faculdade de Medicina), Hospital das Clinicas, University of Sao

Paulo, Laboratory of Human Nutrition and Metabolic Diseases (LIM/25) and,

Radiochemical Division of the Institute of Nuclear and Energetic Research

(IPEN/CNEN-SP), Sao Paulo, SP, Brazil.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Osteoporosis is presently a major problem scientific as well as economic all over the

world. For this reason this disease has been studied quite intensely involving not only

researchers but also densitometer makers and medicine manufactors. Many etiologies

have been described relating factors which could interfere either in bone formation or

bone reabsorption or both. As bone loss along the life is a normal event it is quite

understandable that the amount of remaining bone will depend on the amount gained

during bone formation. For this reason it is quite important to know the peak of bone

mass and the factors that would interfere in the amount of bone formed. It is also very

important to define for a certain population its peak of bone mass which would be a

valuable guide for future plans of osteoporosis prevention. This project is aimed at

defining the peak of bone mass in an urban population which was chosen randomly

taken into account the fact that there is a great miscigenation in S.Paulo.
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2. METHODS

The individuals were chosen from normal relatives of patients who have come to the

University Hospital for consultation. Subjects from 15 to 50 years old were distributed

in 5 year groups; each group with 15 individuals of each sex. A questionnaire was filled in

the day the scan was performed covering details as milk ingestion, exercise, use of

medicines which could interfere in the metabolism of bone, presence of bone deformities

in members of the family and bone fractures. Great variations from normal of milk

ingestion or exercises were excluded . Secondary causes of osteoporosis were rulled out

clinically or through laboratory tests when necessary.

3. LABORATORY METHODS

Bone density was measured with a densitometer 1000 W (DPX) from Hologic. Antero-

posterior lumbar spine scans were chosen to define bone mass.

4. RESULTS

In the Graphics 1 and 2 are presented the results of lumbar bone density from 15 to 50

year old normal individuals in both sexes. In spite of the large spreading of results it

can be noticed a tendency to level off in the interval of 25 to 30 years in the group of

men. In Graphics 3 and 4 are presented the averages and standard deviations in the

1-2
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groups studied and the normal standards from Hologic showing lower values in the

women from 15 to 25 years and a more balanced relationship therefrom. In men there

was lower values in all groups studied with a more marked difference from 16 to 25

years.

5. CONCLUSIONS

1. The peak of bone mass in a group of 105 brazilian women from an urban area is

between the ages of 26 and 30 years

2. The peak of bone mass in a group of 105 brazilian men from an urban area is

between the ages of 26 and 30 years.

3. Bone mass in this study in women from 16 to 25 years is lower than the values of

normals presented by Hologic.

4. Bone mass in men in this study is lower than the Hologic normal standards in all

groups studied.

6. PLANS FOR THE FUTURE

1. Increase number of individuals.

2. Include other regions (whole body, hip).
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BONE MINERAL DENSITY (L1-L4) IN BRAZILIAN WOMEN
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Bone Mineral Density (L1-L4) in Brazilian Women
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Bone Mineral Density (L1-L4) in Brazilian Men
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DETERMINATION OF ELEMENTS IN BONE

DR. AURELIO BORELLI, DR. JOAO ROBERTO F. BATALHA AND DRA.

MITIKO SAIKI

School of Medicine (Faculdade de Medicina), Hospital das Clinicas, University of Sao

Paulo, Laboratory of Human Nutrition and Metabolic Diseases (LIM/25) and,

Radiochemical Division of the Institute of Nuclear and Energetic Research (DPEN/CNEN-

SP), Sao Paulo, SP, Brazil.

1. INTRODUCTION

Osteoporosis is a multifactorial disease . Many studies on this subject have been developed

aiming specially at dinamic as well as biologic aspects of bone. Bone composition specially

in relation to elements and trace elements has not been sufficiently developed. It is the

purpose of this study to measure trace elements of bone of normal and osteoporotic

individuals using neutron activation analysis. In this paper it is presented the preliminary

results of measurements of trace elements in human ribs of normal individuals

demonstrating the feasibility of this method which could be useful in the study of

osteoporosis.
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2. METHODS

Ribs were obtained from autopsies of accident victims. Care was taken to eliminate any

contamination by dust or any items in dissection and collection of samples. Ribs were cut

longitudinally with a titanium knife, marrow was scooped out. Bones were washed

thoroughly with deionized water and dried by liophylization. 150mg samples were sealed

in polyethylene foil and irradiated together with synthetic standards with a flux of thermic

neutrons: 3 min neutron flux 4 1011 n cm"2 s"1 for Ca, Cl, K, Mg, Mn, Na, P, Sr and 8 h

neutron flux 12 n cm*2 s"1 for Br, Ca, Fe, Rb, Sr, Zn. Gama induced activity was measured

using a Ge detector (GEM 20190 - EG & G Ortec) Calculations were realized through

the Program Maestro -EG & G Ortec. Br, Cl, Fe, K, Mg, Na, Rb, Sr and Zn were

expressed in ppm and Ca and P in percentages. Precision and accuracy of this method was

tested analizing reference materials: N1ST-SRM-1577 a Bovine Liver, NIES-CRM-10A

Rice Flour and IAEA-153 Milk Powder.

3. RESULTS

In table 1 are shown the results of the determinations in two pieces of 5 ribs showing a

good agreement between those measurements. Bowen, 1982 (Table 2) and Gawlik, 1982

studied trace elements in various tissues and the results in bone are quite similar to those

found in this study; the differences found could not be explained solely by errors in the

method in the actual analysis but are also due to the fact that samples were taken from
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different parts of the bone with different spongiosa/compacta ratios and to unsactisfatory

removal of the marrow.

4. CONCLUSIONS

Determinations of elements and trace elements in bone using neutron activation analysis is

a suitable and useful technique to measure bone components and for this reason could be

utilized in the study of the metabolic bone diseases.

5. REFERENCES

• Bowen H.J.M.: Trace elements in biological samples. In: Techniques and

Instrumentation in Analytical Chemistry, Nuclear Analytical Techniques in Medicine,

Cesareo R. (edit), Elsevier, vol. 8, pp. 1-17, 1982.

• Gawlik D., Behne D , Bratter P., Gatschke W., Gessner H.: The suitability of the iliac

crest biopsy in the element analysis of bone and marrow. J. Clin. Chem. Clin. Biochem.

20: 499-507, 1982.
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Table 1. Elements in cortical ribs from 2 individuals. Neutron activation.

Element

Br(ppm)

Ca(%)

Cl (ppm)

Fe (ppm)

K(ppm)

Mg(ppm)

Mn (ppb)

Na (ppm)

P(%)

Rb (ppm)

Sr(ppm)

Zn (ppm)

Individual no. 1

Rib no. 1

1-C1A

0,73 ± 0,05*

19,8 ±0,4

217 ±10

44,4 ± 3,8

766 ± 74

3327 ±150

376 ± 34

4064 ±90

9.6 ±0,1

1.21 ± 0,21

106 ± 10

120 ±1

1-C1B

0,55 ±0,04

20.1 ±0,4

246 ± 24

41,8 ±9,8

798 ±90

3669 ±197

453 ± 71

3762 ±51

12,1 ±0,2

0,90 ±0,26

91 ± 1 0

111±1

Rib no. 2

I-C2A

0,60 ± 0,07

21,6 ±0,6

479 ±16

16,8 ±i ,4

1180 ±89

2918 ±117

4087 ± 61

9.2 ±0,1

1,99 ± 0,23

94.8 ± 7,2

88 ±1

1-C2B

0,77 ± 0,06

21,2±0,4

508 ± 19

14,0 ±3,9

1182±212

3504 ±162

3728 ± 60

9,1 ±0,1

2,10 ±0,24

113 ±9

83 ±1

. Individual no. 2

Rib no. 1

2-C1A

0,83 ± 0,06

21,7±0,l

668 ± 24

8,6 ± 2,4

714 ± 67

5432 ± 60

10,2 ±0,1

1,48 ± 0,22

105 ±7

83,4 ± 0,6

2-C1B

1,27 ± 0,05

20,0 ±0,1

716 ±27

8,9 ± 2,2

852 ±75

2319 ±127

5574 ± 62

11,5 ±0,2

1,41 ± 0,29

108 ±12

82,2 ± 0,7

Rib no. 2

2-C2A

0,81 ± 0.06

19,4 ± 0.5

708 ± 37

21,3 ± 2,7

836 ±75

3132 ±133

4217 ±26

8.7 ±0.1

1,26 ±0,70

100 ±10

81,8 ±0,7

2-C2B

_J,07 ± 0,04

20,3 ±0,1

617 ±30

747 ±60

_2734 ± 289

4761± 48

7.4 ±0.1

0,84 ± 0.21

112± 10

101,0 ±0,8

Rib no. 3

2-C3A

1,05 ± 0,88

21,0 ±0,1

647 ±21

3,4 ±1,8

831 ± 70

2928 ±131 •

5133 ±75

9.1 ±0.1

1,05 ± 0,88

84 ±13

83,3 ± 0,7

2-C3C

0,61 ± 0,03

19.7 ±0,5

660 ±22

10,6 ±1,8

529 ±81

2744 ±135

5353 ±78

7,9 ±0.1

1,04 ±0,10

90 ±12

78,2 ±0,9

* result and standard deviation
** not analyzed
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COMPARATIVE INTERNATIONAL STUDIES OF OSTEOPOROSIS USING
ISOTOPE TECHNIQUES.

S. Krishnan

Medical Physics Laboratory, General Division
The Toronto Hospital
200 Elizabeth Street
Toronto, Ontario, Canada
M5G 2C4.

ABSTRACT

Over 200 volunteers were recruited through Newspaper advertisements and other means
to measure the BMD of the Lumbar Spine, Femoral Neck and Whole Body of normal
healthy Canadians from the Toronto Area. All these people were carefully interviewed by
trained scientists or medical personnel with respect to their medical history, life style and
habits. Persons with histories that will affect bone mineral status were excluded from the
study. The resulting study population consisted of 137 persons.

The data was used to examine, using statistical methods, the parameters which determine
bone mineral status of normal persons. The DEXA and In-vivo Neutron Activation
Analysis(IVNAA) data on the same persons were compared.

Further, the data was used to determine the age at which peak BMD is attained in this
normal population. The Measurements were made using a DEXA instrument made by
Hologic Inc., Model 1000W.

1. BACKGROUND

Our laboratory has been involved for a number of years in the diagnosis of osteoporosis
and osteopenia using in-vivo neutron activation analysis (IVNAA) and more recently using
DEXA. We have examined the data from both the techniques on normal persons and have
compared the results with the view to understand the parameters which govern the growth
of bone mineral status in normal persons. We have also developed a mathematical
equation to describe the bone mineral status of normal persons. The results of this study
are presented in this work.

During the First Research Co-ordination Meeting of this CRP, it was agreed that each
Centre would obtain data on BMD of normal population in their respective countries in
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order to determine the age at which peak BMD is attained. This is an important parameter
since it is felt that this has a number of implications in the incidence of Osteoporosis. It
was felt that the higher the age of peak bone mass, the lower will be the incidence of
Osteoporosis as the population has fewer years of bone loss. This might, at least partially,
explain the different incident rates in different countries. Further, the actual value of the
BMC may also be a factor in the subsequent incident of Osteoporosis. The higher the
actual value of BMC, it is argued, the longer it will take for bone loss to reach the fracture
threshold level, thus reducing the incidence of Osteoporosis in the elderly.

2. PROGRESS REPORT

1. Comparative Study using DEXA and IVNAA:

The statistics on patient population for this study and the correlation's and the formulae
developed are given in Tables 1 to 7.

TABLE 1

NORMAL SUBJECTS

VARIABLE

LUMBAR BMC(g)
LUMBAR BMD(g/cnr
HEIGHT(cm)
WElGHT(Kg)
AGECvrs)

TABLE 2

TOTAL BODY Ca Vs

TOTAL BODY

TOTAL Ca
TOTAL Ca/H3

TOTAL Ca/H3

MEASURED (n=106)

MEAN SD

54.09 12.4
) 0.97 0.16

162 85
63.5 12
45 17

DEXA CORRELATION

DEXA

LUMBAR BMC
LUMBAR BMD
LUMBAR BMC/H3

MIN

12.9
0.5
114
20
6.8

RVALUE

0.91
0.56
0.60

MAX

87.9
1.4
180
107
76

RAW BMC OR BMC NORMALIZED TO HJ CORRELATE
WELL SHOWING THE NEED FOR BODY SIZE NORMALIZATION
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TABLE 3
CORRELATIONS

N=15; AGE<20YRS; DEPENDENT VARIABLE = LUMBAR BMC

PREDICTOR VARIABLE RVALUE

HEIGHT 0.93
WEIGHT 0.89
AGE 0.93

TABLE 4
CORRELATIONS

N=89; AGE>20YRS; DEPENDENT VARIABLE = LUMBAR BMC

PREDICTOR VARIABLE RVALUE

HEIGHT 0.35
WEIGHT 0.13
AGE 0.57

TABLE 5
CORRELATIONS

N=15: AGE<20YRS: DEPENDENT VARIABLE = FEMORAL NECK BMC

PREDICTOR VARIABLE R VALUE

HEIGHT 0.95
WEIGHT 0.96
AGE 0.91
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TABLE 6
CORRELATION S

N=89; AGE>20YRS; DEPENDENT VARIABLE = FEMORAL NECK BMC

PREDICTOR VARIABLE RVALUE

HEIGHT 0.41
WEIGHT 0.50
AGE 0.68

TABLE 7

FORMULAE DERIVED FOR CALCULATING DEXA BMC

FOR WHITE WOMEN <20 YRS. OF AGE:

LUMBAR BMC = 0.02 x HEIGHT x AGE - 2 5
FEMORAL NECK BMC = 0.003 x HEIGHT x WEIGHT +1.16

FOR WHITE WOMEN >20 YRS. OF AGE:

LUMBAR BMC =0.44 x HEIGHT + 0.32 x WEIGHT - 0.36 x YRS PM"-17.1
FEMORAL NECK BMC =0.03 x WEIGHT - 0.02 YRS PM" +3.13

" PM = POST MENOPAUSE

In the determination of BMD, height appears to be the predominant factor under 20 years
of age. Age is the main factor above 20 years of age.

2 - 4
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2. Peak Bone Mass vs Age for Lumbar Spine:

The patient statistics and the results under this study are given in Tables 8.

137 Canadian females whose ages ranged from 6 to 76 years were studied. Their statistics
are given below.

Table 8

Data from DEXA Study

n

3
13
7
14
35
33
29
3

Aeefvrs) Aee+SD

6-10
11-20
21-30
31-40
41-50
51-60
61-70
71-76

7.4+87
16 7±1.0
26.4±2.8
35.613.0
45.712.6
55.012.8
64.312.8
75.011.0

Heieht+SD

126.1112
167.316.8
164.619.3
163.716.3
163.914.8
162.815.4
160.916.1
161.713.5

WeiehtlSD

28.618.1
59.615.5
58.019.3
62.9110.1
63.3111.0
64.717.7
65.3113.0
70.3116.0

LBMC+SD

18.218.1
53.519.7
63.719.7
64.7113.0
58.518.5
53.1110.5
46.8110.4
40.815.5

LBMD+SD

.6311.098

.9791.107
1.0961.066
1.121.160
1.0331.106
0.9281.133
0.8341.145
0.7461.109

The BMD of the lumbar spine increased significantly with age for the young, 3.75 %/y
increase in the spinal bone density between the age group 5 to 20, from 0.63110.098 at
mean age 7.410 87 y to .97910.107 at mean age of 16.68+0.99.

It was found that LBMD increased from the 20s to reach a peak at the mid-30s i.e. about
34 years.

CONCLUSIONS

The determinant on BMC and hence BMD appears to be predominantly height under 20
years of age. Above the age of 20 years, Age is the main factor. Weight is a contributing
factor at all ages.

The peak bone BMD of lumbar spine for Canadian women is attained in the mid- 30s and
probably at 35 years of age. This compared well with the American data.
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STUDIES ON OSTEOPOROSIS IN CHILE USING ISOTOPE-RELATED
TECHNIQUES.

PRINCIPAL INVESTIGATOR: DR. GABRIEL LOBO
INSTITUTION : CLINICA INDISA

I. SELECTION OF THE POPULATION STUDIED.

Representative individuals of the Chilean population have
been selected from two sources:
a) employees working in a private clinic (Clinica Indisa,
Santiago).
b) employees working in a public hospital (Hospital San Juan de
Dios, Santiago)

The first group belongs to a medium to high socio economic level
and the second to a medium to low level.

II. INFORMATION COLLECTED.

The information collected is that indicated in the WHO form
given to the participants at the First Coordination Meeting in
December 1994. The form was translated into Spanish.

III. EXCLUSION CRITERIA.

Those individuals who had suffered or had a history of

a) fractures of the forearm, femoral neck and spine
b) pathologies affecting bone
c) use of drugs affecting bone
d) alcoholism, excessive smoking or drug abuse
e) inmovilization or lengthy rest.

were excluded from the study.

IV. MATERIALS AND METHODS.

MATERIALS

The anthropomorphic characteristics of the population
studies are shown in Table 1.
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TABLE 1. ANTHROPOMORPHIC CHARACTERISTICS OF THE POPULATION
STUDIED.

WOMEN MEN

RACE WHITE WHITE

AGE (years) 35.5 ± 9.6 29.8 ± 9.0

WEIGHT (Kg) 59.8 ± 12.2 72.1 ± 8.9

HEIGHT (cm) 158.6 ± 5.8 170.7 ± 31.5

BMI 23.9 ± 4.3 24 . .: ± 2.87

N 110 25

METHODS

1. Bone density was measured in the lumbar spine (Lx - L4) and
in both femoral necks, using an Hologic QLR 1000.

The densitomer was calibrated each day using an appropriate
phantom as indicated by the manufacturer.

2. A fasting blood sample was collected by venipuncture from
each individual and serum was separated. :ierum osteocalcin was
measured using the ELSA OSTEO kit from CIS Biointernational,
France. This is a sandwich type assc / which uses human
osteocalcin as standard and which measures intact Osteocalcin and
the 1-43 peptide. Human osteocalcin peptidcs 7-19, 25-37 and 37-
49 do not interfere in this assay for concentrations < 10.000
ng/mL. The intraassay C.V.is 3.8 - 3.9% and the interassay C.V.
is 4.5 - 5.2%, as stated by the manufacturer.
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V. RESULTS AND PRELIMINARY ANALYSIS.

V.I Results

1. A total of 135 individuals (110 women and 25 men) have been
accepted so far in this study. The results for BMD are shown in
Table 2 (women) and Table 3 (men), expressed as the mean ± 1 SD.

TABLE 2. BONE MINERAL DENSITY ACCORDING TO AGE IN NORMAL WOMEN
(X ± S.D.). n = 110.

BONE MINERAL DENSITY (g/cm2)

AGE RANGE LUMBAR SPINE LEFT FEM.
(YEARS) NECK

RIGHT FEM.
NECK

15-20
n=8

21-25
n=12

26-30
n=17

31-35
n=15

36-40
n=23

41-45
n=14

46-50
n=20

Total
n=110

0.960
± 0 . 0 9

1.009
± 0 .14

0 .985
± 0 . 0 8

1.001
± 0 . 0 8

0 .987
± 0 .14

0.970
± 0.12

0.977
± 0 . 1 1

0.985
± 0.11

0.846
± 0 .09

0.877
± 0.13

0.807
± 0 .12

0.804
± 0 . 0 8

0.785
± 0 . 1 1

0 .775
± 0 .07

0 .782
± 0.10

0.804
± 0.10

0.852
± 0.10

0.905
± 0.10

0.832
± 0.12

0.825
± 0.08

0.799
± 0.11

0.781
± 0.09

0.789
± 0.10

0.819
± 0.11

3-3

3r



TABLE 3. BONE MINERAL DENSITY ACCORDING TO AGE IN NORMAL MEN (X
± S.D.). n = 25.

AGE RANGE
(YEARS)

15-20
n=l

21-25
n=3

26-30
n=3

31-35
n=6

36-40
n=5

41-45
n=3

46-50
n=3

>50
n=l

Total
n=25

BONE MINERAL

LUMBAR SPINE

1.053
± 0

0.875
± 0.01

1.045
± 0.08

1.082
± 0.05

0.958
± 0.09

1.018
± 0.17

0.980
± 0.09

0.877
± 0

0.999
± 0.12

DENSITY (g/cm2)

LEFT FEM.
NECK

0.902
± 0

0.985
± 0.04

0.984
± 0.13

0.959
± 0.07

0.925
± 0.13

0.940
± 0.20

0.862
± 0.11

0.759
± 0

0.932
± 0.11

RIGHT FEM.
NECK

0.952
± 0

0.891
± 0

0.970
± 0.19

0.950
± 0.12

0.915
± 0.07

0.937
± 0.17

0.804
± 0.11

0.759
± 0

0.910
± 0.12
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3. Results for osteocalcin levels in serum for the total
population are shown in Table 4.1

TABLE 4.1 DISTRIBUTION OF SERUM OSTEOCALCIN VALUES (ng/mL) IN THE
POPULATION STUDIED SHOWN FOR EACH AGE INTERVAL. (Mean ± SD).

AGE INTERVAL OSTEOCALCIN (ng/mL)
(YEARS)

15-20 66 ± 0
n=l

21-25 36 ± 23.49
n=ll

26-30 30 ± 9.01
n=15

31-35 27 ± 9.29
n=23

36-40 22 ± 8.48
n=20

41-45 22 ± 8.38
n=26

46-50 22 ± 7.31
n=17

>50 22 ± 9.62
n=22

V.2 PRELIMINARY ANALYSIS

1. The goals proposed for the second year of the study have
been surpassed. The studies planned for the third year of the
project are now under way.

2. Statistical analysis
The main goals are:

a) Determination of the relationship of BMD with
anthropomorphic characteristics (height, body mass index, bone
area).
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Base.
b) Comparison of the data obtained with the Hologic Data

c) Osteocalcin relationships.

3. Graphical analysis.

The main goals are:

a) age related curves
b) sex related curves
c) peak bone mass
d) Z score (Hologic) distributions.

V.3 Results of the statistical analysis.

A summary of the statistically significant relationships
found is shown in Table 4.2..

TABLE 4.Z STATISTICALLY SIGNIFICANT RELATIONSHIPS IN A NORMAL
CHILEAN POPULATION OF DIFFERENT AGE AND SEX.

SPINE HIPS

ns ns

body size

bone area

age

sex

BMI

age

sex

body size

bone area

BMI

1. a) There is a significant relationship between BMD of the
lumbar spine and corporal size. There is no relationship with
age, sex or BMI.

b) There is a significant correlation between BMD of both
femoral necks with age and sex. The correlation is absent for
corporal size.
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c) Regression analysis of BMC over bone area (Prentice et
al, 1994) is significant only for both hips. BMD of the lumbar
spine probably must be corrected for bone size or other corporal
size related parameters, because it is dependent on bone area
(bone size). This is not the case in hips.

2. There is, in general, a significant agreement with the
Hologic data base curve, but there is a tendency to obtain lower
values of BMD in the Chilean normal population. This is so for
all localizations in the case of women, but only in lumbar spine
for normal men. This is shown by a predominance of Z negative
hologic values in these populations as shown in Table 5.

TABLE 5. FREQUENCY OF DISTRIBUTION OF HOLOGIC Z SCORE IN
CHILEAN NORMAL POPULATION.

Z SCORE (WOMEN)

0±0.1

Z SCORE (MEN)

0±0.1

SPINE

LEFT HIP

RIGHT HIP

59.1 9.1 31.8

67.3 7.3 25.4

54.5 7.3 34.2

61,5 11.5 26.9

38.5 3.9 57.6

26.9 3.8 69.3

3. No correlation between Osteocalcin levels and BMD of the
lumbar spine were found in the population as a whole. There is
a significant but weak correlation between BMD of both hips and
Osteocalcin levels. A significant correlation was found between
BMD of the lumbar spine and both femoral necks and sex. No
statistical analysis was performed for osteocalcin levels in men
because of the small number of individuals studied.
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CONCLUSIONS

1. The relationship found between BMD of the lumbar spine with
the anthropomorphic parameters (age, sex, body size and bone
area) in the normal Chilean population studied, was different
from the relationship found between BMD of both hips with the
same parameters.

2. To determine peak bone mass it is necessary to increase the
number of individuals studied. This is specially true for BMD
of the lumbar spine.

3. It seems important for the correct interpretation of BMD
studies to determine local values for normals, specially for the
analysis of BMD in the lumbar spine, which is related to body and
bone size. It is necessary to normalize the data base for
anthropomorphic parameters specially in epidemiological studies.
Knowledge of these parameters for the normal data base used in
the different densitometers is highly desirable.

4. There are some differences between this data base and that
provided by Hologic, specially for spine in both sexes. This
difference could be explained by size related factors.

5. There is a correlation between osteocalcin levels and BMD
in lumbar spine and both femoral necks only in women.
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STUDIES OF OSTEOPOROSIS IN THE NORTHERN PART OF CHINA XA9950548
USING ISOTOPE-RELATED TECHNIQUES

Qin Linlin

China-Japan Friendship Hospital, Beijing, China

ABSTRACT

Using Lunar DPX-L DXA, the BMD of 518 subjects were measured
from June. 1995 to July 1996. The 93 excluded cases include minority
nationalities, southern Chinese or underlying patients. Modifying BMD by
body weight, the measurement results of 45 healthy subjects showed: in
male the age of formating peak bone is 20 ~ 24 at lumbar, proximal femur
and total body, however in female is 25 ~ 29 at the same sites.Before the
age of 40, the BMD of all sites in both sexes are basic stable. Further
working plan were reported in this paper.

According to "core component" of CRP, we have undertaking the task
of the first stage since Nov. 1994. Our new DXA has been set up in
summer 1995. Since July 1995, the measurement of normal people has
been started.

1. Measurement of BMD
1.1 Instrument and quality assurance

The DXA is a Lunar DPX-L model, software version is 1.31. Standard
phantom was checked every morning and Lumbar phantom was measured
at least one month.

The precise of DXA is the following:

CV(%)

CV(%)

OBS-L-MASS
0.48

OBS-L-WDTH

0.75

OBS-M-MASS
0.57

OBS-M-WDTH
0.95

OBS-S-MASS
0.52

OBS-S-WDTH
0.30

The accuracy of BMD measured with Lumbar phantom is o.36 (CV %).
In order to assure measurement quality. The technicians must notice
positioning correctly when measuring subjects, and analysis of all images
was completed by a special doctor.

1.2 Anthropomentric measurement
Before measurement of BMD anthropomentric measurements of the

recruited subjects, including body weight and height, were carried out.
Weight was measured with a spring scale for each subject with little
clothes without shoes and height was measured with a standard
measuring device. All devices were calibrated prior to the survey.
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1.3 Measurement sites of BMD
-Ap spine(L2-L4)
-Proximal femur(including femoral neck, Ward's triangle and greater

trochanter)
-Total body

1.4 Measurement subjects
According to the plan, the healthy subjects were volunteers from our

hospital and proximal community. Total measured subjects are 518
cases( coincided with condition of "core component" of CRP, the healthy
subjects are 425 cases). The subjects of 93 were excluded. Among them 16
persons have the history of bone fracture; 9 persons are in the minority
nationalities; 31 people have been grown up in southern China and 16
cases have underlying illnesses. 425 cases of healthy subjects coincided
with condition of "core component" of CRP, who are city residents, grown
up in northern China and of han race. Any case of 425 has no history of
bone fracture or disease influencing bone metabolism, The female subjects
do not smoke or drink alcohol, no history of using any estrogen and other
hormones. Every subject was investigated in light of questionnaire, by
reference to WHO form(including basic data; physical activity; history of
fractures; smoking and drinking history; reproductive history and milk
intake). The detail distribution of the subjects was listed in following
tables.

distribution of measured subject
(femal)

15-19

20-24

25-29

30-34

35-39

40-44

45-50

sum

a aO tubjccti

39

35

32

47

36

52

57

298

heahiiy
•ubjeclt

35

33

27

43

29

40

37

244

lumbar

29

32

23

38

28

37

34

223

proximal

femur

29

32

25

3»

28

37

34

223

tot tl body

IS

22

19

16

15

16

19

125
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distribution of measured subject
(male)

hetWiy hunbtr pronmi] totilbody

«*« ^ ^ fabjecii feanr

15-19
20-24
25-29
30-34
35-39
40-44
45-50

sum

32
37

32

31

25

33

29

220

28

30

27

23

22

29

22

181

26

28

26

23

21

26

22

172

26

28

26

23

21

26

22

172

13

16

19

12

12

21

15

108

1.5 Statistical analysis
The'stata'medical statistical software has been used. The version is 3.0.

The 428 normal healthy subjects were included in the following regressive
analyses.

2. Result
2.1 BMC, BMD results

The following tables were the results of measured BMC,BMD for all
subjects who are coincident with condition of "core component" of CRP

Measurement result of BMC(g)
(female)

Agecat Lumbar Neck Ward's Troch Total body
(2-4)

15-19 40.674+5.961 4.09310.534 2.004+0.395 7.004±1.827 2187.51251.1

20-24 44.40318.097 4.20810.614 2.10510.423 7.28211.792 2267.81321.6

25-29 48.671+7.220 4.406+0.628 2.227+0.472 8.27311.764 2465.8+244.7

30-34 47.98917.077 4.14610.534 1.989+0.401 7.54612.094 2522.01286.5

35-39 48.29918.052 4.16910.579 1.978+0.438 7.985+1.609 2503.9+237.3

40-44 49.34415.521 4.20510.572 2.03210.379 8.193+2.512 2511.41253.7

45-50 47.123+8.598 4.111+0.683 1.940+0.513 8.15512.147 2395.21387.0
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Measured result of BMD (g/cm2)
(female)

age Lumbar
(2-4)

Neck Ward's Troch Total
body

0.914±0.108 0.894±0.127 0.757±0.114 1.086±0.071

0.918±.0113 0.899±0.135 0.756±0.112 1.119±0.080

0.959±0.129 0.946±0.155 0.797±0.126 1.160±0.074

0.924±0.121 0.883±0.140 0.742±0.102 1.151±0.065

0.919±0.113 0.859±0.138 0.756±0.093 1.152±0.068

0.903±0.135 0.840±0.158 0.760±0.127 1.152±0.076

0.900±0.131 0.831±0.169 0.777±0.136 1.137±0.020

15-19

20-24

25-29

30-34

35-39

40-44

45-50

1.084±0.107

1.127±0.130

1.184±0.131

1.202±0.111

1.184db0.147

1.195±0.107

1.184±0.144

Measurement result of BMC(g)
(male)

Agecat Lumbar
(2-4)

Neck Ward's Troch Total body

15-19

20-24

25-29

30-34

35-39

40-44

45-50

49.661±9.442 5.264±0.803 2.743±0.678 10.392±2.547 2502.0±304.1

55.623±9.524 5.912±0.816 3.l88±0.669 12.402±2.619 3147.8+403.0

51.706±7.562 5.225±0.757 2.761±0.553 11.114±2.159 2827.1±360.8

51.148±7.138 4.955±0.734 2.513±0.573 I1.231±3.023 2723.7±282.9

54.207±10.59 4.950±0.608 2.608±0.567 11.185±2.866 2957.4±296.3

55.946±8.464 5.139±0.658 2.604±0.582 11.55612.768 2981.9±369.3

53.282+7.688 4.889±0.680 2.450±0.483 11.217+2.318 2921.3±439.2
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Measured result of BMD (g/cm2)
( male)

Age

15-19

20-24

25-29

30-34

35-39

40-44

45-50

Lumbar
(2-4)

1.131±0.133

1.211*0.121

1.155±0.106

1.116±0.135

1.146*0.145

1.211±0.131

1.142*0.144

1.

1.

1.

0.

0.

0.

0.

Neck

031*0.130

134*0.139

019±0.139

967±0.133

945±0.112

989*0.113

927±0.120

Ward's

0.937*0.141

1.051*0.166

0.941*0.151

0.861±0.181

0.849±0.143

0.862±0.153

0.789*0.125

Troch

0.849±0.123

0.930±0.117

0.855*0.131

0.817±0.128

0.833*0.099

0.851±0.1!5

0.813*0.115

Total
body

1.093*0.093

1.236*0.060

1.202*0.085

1.149*0.071

1.211*0.076

1.222*0.091

1.200*0.085

The results showed that the bone densities at lumbar, proximal and total
body increased within 15-25 years in female. The formation of peak bone
is in age of 30-34 at lumbar, 25-29 at rest sites. Before age of 45, the
BMD at lumbar, thoch and total body are basic stable. After age of 30 the
BMD at Neck and Ward's decreased. The formation of peak bone is in age
20-24 at lumbar, proximal femur and total body in male. After age 45 the
BMD at all sites decreased.

2.2 Regress result

The following formula was used.
Standard normal body weight= height-105 cm

The single-factor regression showed that measured BMD were
significantly correlated with subject's body weight at all sites in female.
The regression coefficients for BMD with the body weights were
0.007g/kg.cm2 at lumbar, 0.004 g/kg.cm2 at Neck, 0.003 g/kg.cnr7 at
Ward's, 0.005g/kg.cm2 at troch, 0.006g/kg.cm2 to total body. After
adjusting body weight the age of forming bone peak is in 25-29 at all sites.
After 40 years the BMD showed that the values were lower than primary
ones . In male the regression showed that the BMD at lumbar and total
body significantly correlated with subject's body weight, at rest sites did
not significantly correlated. After adjusting for body weight, the curves of
BMD correlated with age changed little. Using STATA statistical software,
the all data have been analyzed by stepwise regress. The regress
coefficients for BMD with age, weight lifestyle were listed in the following
tables.
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Progressive regression coeflBcients for BMD: age, weight and lifestyle
characteristics(male)

Variables Total body
coef. P

Lumbar

coef. P

Neck

coef. P

Ward
coef.

's
P

Troch

coef. P

Age<25yrs
Age(Yr) 0.0211 0.000 0.0108 0.055

Weight(Kg) 0.0063 0.000 0.0043 0.006

Smoking(cigarette/day) -0.0194 0.007 — —

Total tea consumption* — — — —

Excercise of teen-ager** — — 0.0693 0.009

0.0161 0.012 0.0284 0.000 0.0183 0.002

_ _ -0.0374 0.008 -0.0195 0.057

0.0752 0.012 0.1033 0.011 — —

Age£25yrs
Age(Yr) — —

Weight(Kg) 0.0037 0.000

Smoking(cigarerte/day) — —

Total tea consumption* — —

Excercise of teen-ager** — —

0.0026 0.035

-0.0043 0.005 -0.0060 0.001

0.0024 0.035 — —

0.0018 0.036 — — — —

-0.0032 0.031

0.0026 0.018

0.0015 0.058

* Total tea consumption=average tea consurnption(liang/month)xconsumption time(Ys)

Here "Hang" equivalents 50g and lyear= 12months, so unit is g/monthx600

**Excercise of teen-ager was classified variable

Progressive regression coefiScients for BMD: age, weight and lifestyle
characteristics(female)

Variables Total body
coef. P

Lumbar
coef. P

Neck

coef. P

Ward
coef.

's
P

Troch

coef. P

Age<30yrs
Age(Yr) 0.0074 0.002

Weight(Kg) 0.0041 0.005

Age at menarche(Yr) -0.0287 0.002

Average lacalion — —

(monihs/child)

Excercise of teen-ager** 0.0547 0.001

0.0072 0.011

0.0108 0.000 0.0064 0.001 0.0055 0.016

0.0502 0.029 0.0727 0.019

0.0074 O.OOCT

Age>30yrs
Age(Yr) — — -0.0032 0.038

Weight(Kg) 0.0066 0.000 0.0082 0.000

Age at menarche(Yr) -0.0207 0.001

Average lacation — — 0.0030 0.059

(months/child)

Excercise of teen-ager** — — — —

-0.0036 0.031

0.0067 0.000

-0.0058 0.005

0.0078 0.000 0.0074 0.000

*Excercise of teen-ager was classified variable
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3.Further work
First we will continuously measure BMD of healthy normal subjects,

mainly for male.
Second we plan to undertake biopsy studies of bone composition. More

than 35 biopsy samples of iliac crest will be collected in the following two
years. The samples will be taken from patients suffering accident without
other diseases.

—Trace elements in the biopsy samples will be analyzed by AAS
—These subjects will subsequently be measured by DEXA
—Dietary intake assessment will be made by the 7-day diet diary method
— lifestyle information will be collected < • questionnaire
— urine samples wiil be collected for the measurement of PYD,DPD and

mineral elements( F,Ca, P, K and Mg )
—Peripheral blood will be collected for genetic and BGP, B-ALP
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The Study of Bone Mheral Density in Selected Shartfiai Residents

Zhang Yuanxun1 Zhang Yongpeng1 I i Deyi*
Ma Jixiaoa Hua Qian9

/. Shanghai Institute of Nudear Research. Aeademia SMca
P.O.Box 800-204, Shanghai 201800, China

2. Shanghai Sixth People's Hospital
Na.600 Yi Shan Road, Shanghai 200288, China

Abstract

Using Hologic QDR-2000 DEXA, the BMD determination k
performed is 210 selected SK «̂giy>i resident* of both sexes across
the age range 16-60. The results show that in female groups t&e
peak value of U-lA BMD is 1.023 g/cm» at the age of 81-86, but
in male groups it is 0.971 g/cm" aged 20-30 and the peak period
lasts till the groups aged 41-60. The similar ooncluskm is alao
obtained by further statistics.

Introduction

Since the beginning of 1996, our research group in cooperation
with Shanghai 6th people's hospital is earring on bone density
measurements as a part of this CRP programme. 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 specially for
Shanghai residents, China,. The roles of various life stypes, exercise, diet
and so on are also investigated.

Material aid Method

1. Selection of representative Shartfiai residents
The subjects are selected from Shanghai city residents who have

lived in the city more than 10 years. Most selected subjects are
students, employe, staff members and workers. An interviewer
administers structured questionnaire, and certain physical characteristics
are measured by the interviewer. Some criteria are provided as an
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example of the types of disease and drug therapies that are known to
interfere with bone and mineral metabolism. Such criteria are commonly
employed to exclude subjects from a BMD reference database. The studies
of bone density are carried out in subjects of both sexes across the age
range 15-60, 15 subjects are determined in each 6 year age range, total
210 subjects of both sexes.

2. Worked out the form on IAEA CRP Questionnaire
We consulted the questionnaire of WHO osteoporosis project and

made some necessary changes. Considering the characteristics of
residents, we worked out an English-Chinese bilingual form on

IAEA CRP Questionnaire. A copy of the questionnaire form is enclosed
herewith for reference. Some useful information, such as (a) general
information (b) history of fractions (c) reproductive history (d)
smoking history and physical activity (e) dietary history and
supplements use and so on, are included in the form. For every
selected subject in study group, both of questionnaire form and BMD
measurement report are well preserved for late statistics and evaluation.

3. Bone density measurement
Bone density is measured in Shanghai 6th people's hospital using

QDR-2000 Dual Energy X-ray Abeorptiometry (DEXA) imported from USA
Hologic Co. The positions of bone density measurement are : (a) in the
lumbar spine region ( LL-L4, LI, L2, L3, L4 ) and (b) at the femoral neck
( neck, troch, inter, total, ward's ). A spine phantom provided by Hologic
Inc is used to control quality of the bone density measurements. Up to
now, the BMD measurements of total 210 subjects have been performed.

Result and Discussion

First of all, calculate the mean and the standard deviation (M±SD)
of the height, age, weight and the bone mineral density (BMD, g/cm9) in
the groups of each 5 year age range. The results of BMD measurements in
210 subjects of both sexes across the age range 15-60 are shown in table 1
and table 2. Some necessary information such as height, weight, education,
menarche is also separately listed in table 3 and table 4 for late evaluation.
The comparison of lumbar spine L1-L4 BMD between male group and female
group is shown in fig 1 and the 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 21-26
goes up, the highest is 0.671 g/cm9 aged 26-30. There is no obvious
difference from each other among the other groups and then the groups
aged 41-60 tend to rise, which indicates that the peak comes at the age
over 21 and the peak period lasts till the groups aged 41-60.

The values of the female groups aged 31-40 are remarkably higher than
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the other younger groups as well as the groups aged 41-60. Their hone
density reaches the peak value at the age of 31-35, which is 1.023 g/cma.
Then their density begins declining after this period. It is suggested that
female peak comes 10 years later than that of the male and the peak
declines at the age of 41-60, 10 to 20 years earlier than the male.

The frifpilar conclusion ran he got using other further mathematical
statistics. The all datum of L1-L4 BMD both male group and female group
are treated by means of polynomial regression and Gaussian fit separately.
The relationships of L1-L4 BMD with age in male group and female group
are shown in fig 3 and fig 4. We can see that in female group two curves
have a common peak value, which is about 34 years old. But in male
group it is not obvious.

Table 6 shows the growth rate of the bone density of the women at
the age of 16 to 35 years old and the declining rate after the age of 35
years old. We can see that the female bone density declines rapidly after
the age of 45 years old, which the relative change rate reaches 8.7 %.

Future Plan

Besides above results, the further statistics and evaluation such as
the relationship of bone density and out-door exercise, investigation
of smoking, investigation of milk consumption, relation between bone
density and dietary hapit, and so on will be in progress based on the
questionnaire forms.

The study of trace elements in human bone already has been starded.
The suitable rabbits about 30 sujects both osteoporosis group and control
group have been cultured and the iliac create of rabbits will be collected
and analyzed using NAA and FIXE. The relationship of trace elements
between osteoporosis group and control group will be obtained in the
future work.
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Table 1. The results of BMD measurement in 106 male subjects across the age range 15-60 (M±SD)

Group L1-L4 Ll L2 L3 L4 Neck Troch Inter Total ftrd'•

M-l 0.961 0.906 0.906 0.989 0.971 0.911 0.760 1.144 0.996 0.830

±0.077 ±0.078 ±0.078 ±0.084 ±0.089 ±0.112 ±0.097 ±0.143 ±0.116 ±0.146

M-2 0.940 0.877 0.936 0.972 0.964 0.877 0.709 1.087 0.946 0.788
±0.098 ±0.086 ±0.097 ±0.093 ±0.116 ±0.096 ±0.073 ±0.102 ±0.084 ±0.107

M-3 0.971 0.944 0.974 0.977 0.996 0.884 0.887 1.069 0.982 0.800
±0.118 ±0.121 ±0.109 ±0.111 ±0.137 ±0.100 ±0.074 ±0.106 ±0.082 ±0.120

M-4 0.989 0.927 0.972 0.980 0.986 0.826 0.673 1.083 0.910 0.718
±0.106 ±0.114 ±0.118 ±0.110 ±0.109 ±0.118 ±0.092 ±0.140 ±0.123 ±0.144

11-6 0.918 0.918 0.931 0.942 0.940 0.798 0.633 1.062 0.890 0.863
±0.109 ±0.109 ±0.121 ±0.136 ±0.111 ±0.089 ±0.074 ±0.120 ±0.093 ±0.106

11-6 0.939 0.887 0.943 0.963 0.964 0.793 0.634 1.037 0.882 0.638
±0.048 ±0.071 ±0.061 ±0.066 ±0.063 ±0.102 ±0.089 ±0.166 ±0.126 ±0.129

V-7 0.970 0.911 0.982 0.970 0.994 0.796 0.686 1.098 0.924 0.866
±0.066 ±0.073 ±0.049 ±0.089 ±0.087 ±0.077 ±0.061 ±0.090 ±0.076 ±0.148



Table 2. The results of BMD measurement in 106 female subjects across the age range UHX) (M±SD)

Group L1-L4 LI L2 L3 L4 Neek Troch Inter Total Ward's

I

en

F-l 0.926 0.846 0.909 0.969 0.964
±0.094 ±0.092 ±0.093 ±0.107 ±0.076

F-2 0.930 0.867 0.922 0.962 0.961
±0.104 ±0.108 ±0.107 ±0.113 ±0.113

F-3 0.969 0.877 0.968 1.000 0.999
±0.086 ±0.086 ±0.091 ±0.094 ±0.097

F-4 1.023 0.907 1.018 1.066 1.088
±0.103 ±0.099 ±0.107 ±0.100 ±0.126

F-5 1.012 0.922 1.002 1.038 1.087
±0.087 ±0.088 ±0.087 ±0.110 ±0.107

F-6 0.983 0.889 0.960 1.024 1.044
±0.097 ±0.091 ±0.112 ±0.101 ±0.113

F-7 0.906 0.818 0.898 0.944 0.938
±0.088 ±0.071 ±0.089 ±0.091 ±0.103

0.821 0.690 1.033 0.892 0.784
±0.096 ±0.096 ±0.131 ±0.104 ±0.173

0.787 0.888 1.007 0.866 0.769
±0.108 ±0.096 ±0.117 ±0.103 ±0.117

0.749 0.624 0.990 0.844 0.710
±0.090 ±0.060 ±0.109 ±0.082 ±0.129

0.791 0.626 0.997 0.860 0.712
±0.094 ±0.076 ±0.099 ±0.080 ±0.129

0.867 0.664 1.070 0.916 0.779
±0.088 ±0.084 ±0.099 ±0.081 ±0.108

0.804 0.630 1.010 0.868 0.712
±0.091 ±0.091 ±0.122 ±0.110 ±0.118

0.733 0.694 0.969 0.817 0.698
±0.076 ±0.087 ±0.109 ±0.079 ±0.088



Table 3. Basic information about 106 male subjects in each 6
year age range

Group Age (years) Height Weight Education
range nean (en) (kg) (years)

M-1
M-2
M-8
M-4
M-6
M-6
M-7

16-20
21-26
26-30
31-36
36-40
41-46
46-60

18. 0±
22. 2±
26. 6±
32. 4±
38. 6 ±
42. 6±
47. 9±

1.6
0.9
1.4
1.7
1.2
1.2
1.2

170±
173±
171±
171±
172±
169±
169±

8
4
6
6
7
6
6

66. 2±
69. 8 1
67. 7±
68. 8±
68. 0±
70.1±
69. 0±

8.
8.
11
9.
1C
8.
6.

9
6

0

1
8

12. 2±
16. 0±
18. 6 +
16. 0±
18. 6±
12. 1±
14. 3±

1.6
1.3
3.0
3.0
2.8
3.1
4.3

Group

F-1
F-2
F-3
F-4
F-6
F-8
F-7

year age range

Age (years)
range

16-20
21-26
26-80
31-36
36-40
41-46
46-60

mean

18. 2±1 . 3
22. 6±1 .2
27.811.2
33 .311 .3
38 .211 .3
42 .311 .6
48 .111 .4

Height
(en)

15814
16913
16016
16014
16016
18013
16816

Weight
(kg)

58.617.4
60.613.9
64.216.0
63. 31 6. 4
61 .617.0
69.017.6
67.619.1

Education
(years)

12.311.1
15.412.2
16.812.2
14.912.3
13.412.6
10.012.6
16.613.1

Menarehe
(tge)

14 .111 .8
13.711.4
14.518.1
13.311.1
14 .212 .0
14 .911 .8
14.311.4
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Table 6. The relative change rate of the bone density
in female groups

Age range N Ll-14 BMP rate (%)

16 - 20 16 0.909
+ 0.44

21 - 26 16 0.922
• 4.2

26 - 80 16 0.969
+ 6.6

31 - 36 16 1.023
- 1.1

36 - 40 16 1.012
- 2.9

41 - 46 16 0.989
- 8.7

46 - 60 16 0.906

5 - 7
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ABSTRACT

Research activities concerning the IAEA Osteoporosis Study in Croatia, during the
period November 1995 - September 1996, are presented, as well as a brief summary of
the study, revealing the effect of combined therapy with antiresorptive and bone
stimulating agents on bone mineral density in postmenopausal women with osteopenia
and osteoporosis.

Bone mineral density was measured by the method of dual energy X-ray
absorptiometry (Lunar DPX) in the lumbar spine (L2-U) and at the left proximal femur
(neck, Ward, trochanter) in a representative sample of 112 subjects of both sexes in the
age range 15-50 years, from the city of Zagreb. Analysis of the scans and statistical
evaluation of data are in progress.

In a pilot study conducted in a sample of 67 college girls, ages 16-18, calcium intake,
type and frequency of physical activity, alcohol consumption and smoking habit were
roughly evaluated by use of a questionnaire. Height (cm), weight (kg) and calcium intake
(mg/day) were (mean -+ SD) 169.4 -+ 5.7, 57.8 -+ 6.1, 937 -+ 327, respectively.
About 20 percent of girls drank less than 10 dL of wine or beer and less than 2 dL of
spiritis weekly, while 8% of them consumed 15-20 dL of wine or beer and 3-6 dL of spirits
weekly. Fifteen percent smoked up to 20 cigarettes weekly and 5 percent 30-60
cigarettes weekly. Approximately 50 percent were regularly involved, in some kind of
sporting activity, 2-3 times a week.

Steps have been undertaken to organize evaluation of the present - day dietary
habits of children from I stria, a part of Croatia, which was previously known as a low-
calcium region.

All procedures necessary to start the work on a supplementary programme have
been carried out.

The plan for future work within the framework of the IAEA-CRP Osteoporosis Study
is presented.
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The effect on bone mineral density of intermittent cyclical treatment with etidronate
(group A) alone (400 mg orally for two weeks, followed by 500 mg of calcium daily for the
next 10 weeks) and a combined treatment (group B) with nandrolone -decanoate (50 mg
once a month for three months in every other etidronate cycle) and etidronate (given in
the same manner as in group A), was compared in postmenopausal women with spinal
osteopenia or osteoporosis and no history of vertebral fractures. In an open study 43
women, randomly assigned to the treatment groups A or B, were treated for one year,
and 16 women for two years. Bone mineral density was measured by dual
energy X-ray absorptiometry in the lumbar spine and femoral neck at the beginning of the
study and at yearly intervals thereafter. The results showed that combined intermittent
cyclical regimen of etidronate and nandrolone-decanoate has not proven to be superior
to the intermittent cyclical regimen of etidronate alone.

IAEA Comparative International Studies on Osteoporosis

STUDIES OF OSTEOPOROSIS IN CROATIA USING ISOTOPE RELATED
TECHNIQUES

1. SCOPE OF THE PROJECT

Studies of bone density in selected populations, for the purpose of determining the
age of peak bone mass and to quantity differences in bone density as functions of age
and sex of persons in the study group, as well as between study groups in different
countries, are carried out within the framework of the IAEA comparative international
studies on osteoporosis. Participation in the IAEA project is part of the current research
activity in the Institute for Medical Research and Occupational Health, Zagreb, Croatia.

To elucidate the relationship between habitual, long-life calcium intake and bone
mineral density in children, it is planned to include young subjects from Istria, a previously
defined low-calcium region (400 mg calcium/day) in Croatia, in the IAEA study.

2. METHODS

The target population in the study was the urban white population from the central
district of the city of Zagreb. From the demographic list 2100 subjects of both sexes were
randomly selected in the age range 15-50 years. Due to the exclusion criteria and
unpredictable response, ten times more subjects than recommended for the project study
group, were listed. Bone mineral density (BMD g/cm2) in the lumbar region (L2-L4, PA
scan) and at the left proximal femur (neck, Ward triangle, trochanter) was measured by
the method of dual energy X-ray absorptiometry (DXA) using a Lunar DPX machine. The
densitometer was calibrated daily according to the manufacturers protocol. Every day an
aluminium step wedge was measured in 15 cm depth of water (a phantom). The long-
term precision for this spine phantom was 0.3%.

A pilot study was conducted in a group of college girls (aged 16-18 years) to roughly
evaluate, by use of a questionnaire, calcium intake, type and frequency of physical
activity, alcohol consumption and smoking habit.
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3. RESULTS

Bone mineral density was measured in 112 subjects of both sexes. Scans analyses
and hip axis length measurements according to Lunar 3.6z software are in progress.
Standing height and weight were recorded and body mass index calculated. Menstrual
status was assessed in women.

Anthropometric, dietary and life-style characteristics of 67 college girls are shown in
Table 1.

In collaboration with local authorities steps have been undertaken to organize
evaluation of the present-day dietary habits and the usual foods taken of children in
Istria, previously defined as a low-calcium region.

All procedures necessary to start the work on the supplementary programme have
been completed.

4. PLANS FOR FUTURE WORK

During the next year of the current IAEA study bone scan analyses will be finished
and statistical analysis of all other results carried out by appropriate statistical methods.

The evaluation of current dietary habits, regarding-calcium intake, in children in Istria
will be conducted.

The proposed supplementary programme concerning analysis of trace elements in
bone will be conducted. Post mortem samples of rib bone from healthy adult accident
victims will be provided at autopsies from the Department of Forensic Medicine, School of
Medicine University of Zagreb. Sex, age, cause of death, occupation and smoking habit
will be recorded. At least 8 subjects will be included for each age decade, from 20-50
years. About 100 mg of calcified tissue will be dried at 105°C, dissolved in 10% HNO3

and Ca, Mg, Pb, Fe, Zn, Cu, and Mn analysed by flame electrothermal atomic absorption
spectrometry.

EFFECTS OF TREATMENT WITH ETIDRONATE OR A COMBINATION OF
ETIDRONATE AND NANDROLONE-DECANOATE ON BONE MINERAL DENSITY

IN POSTMENOPAUSAL WOMEN

1. and 2. SCOPE OF THE PROJECT AND METHODS

To improve the efficiency of osteoporosis therapy several regimens have been
introduced in which antiresorptive and bone stimulating agents were combined. The
objective of the present study was to compare the effect on bone mineral density of
intermittent cyclical treatment with etidronate (group A) alone (400 mg orally for two
weeks, followed by 500 mg of calcium daily for the next 10 weeks) and combined
treatment (group B) with nandrolone-decanoate (50 mg once a month for three months in
every other etidronate cycle) and etidronate (given in the same manner as in group A) in
postmenopausal women with spinal osteopenia or osteoporosis and no history of
vertebral fractures. In on open study 43 women (Table 2), randomly assigned to the
treatment groups A or B, were treated for one year (Sample 1) and 16 women for two
years (Sample 2). Bone mineral density was measured by dual energy X-ray
absorptiometry in the lumbar spine and femoral neck at the beginning of the study and at
yearly intervals thereafter.
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3. RESULTS

After one year of therapy (Table 3) a similar statistically significant increase in BMD
was noted at the lumbar spine and femoral neck (3.1 and 2.5 %, respectively). After two
years of treatment (Table 4) increase in BMD at the spine site in groups A and B was
comparable and reached 6.7 and 5.7 %, respectively. The increase in BMD at the femoral
neck was similar to that noted after one year of therapy (2.8 % for group A and 2.1 % for
group B).

In conclusion, combined intermittent cyclical regimen of etidronate and nandrolone-
decanoate has not proved to be superior to the intermittent cyclical regimen of etidronate
alone.

4. REFERENCES

The paper has been submitted for publication in "Bone"
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Table 1. Anthropometric, dietary and life style characteristics in 67 college girls

representative of the city of Zagreb

Age (years)
Height (cm)
Weight (kg)
Calcium intake (mg/day)

Wine or beer (dL/week)
< 10
15-20

Spirits (dL/week)
<2
3-6

Cigarettes (number/week)
<20
30-60

Sporting activity
(2-3 times weekly)

DEMOGRAPHIC CHARACTERISTICS AND
CALCIUM INTAKE

Mean ± SD
17.5 ±0.5
169.4 ±5.7
57.8 ±6.1
937 + 327

Range
16-18

156-182
44-72

365 - 1639

ALCOHOL CONSI3MPTION
Percent girls

20
8

20
8

. .;;, ; :-.:;,;:••;;! ::: :::^.;>:SMpKI]^iHABIT :: ::.;
:., iii.

Percent girls

15
5

PHYSICAL Acnvrrv
Percent girls

50
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Table 2. Characteristics of postmenopausal women at the beginning of the study for

treatment group A (etidronate) and group B (etidronate + nandrolone-

decanoate) in Sample 1 (one-year study) and in Sample 2 (two-year study)

compared using Student's t-test

N

Age (years)

Height (cm)

Weight (kg)

BMI (kg/m2)

Years since menopause

•mill
liilllW

13

62.8±9.3

163.3±6.8

65.2±9.7

24.4+2.6

15.4±9.7

mmmmmm

iiillll^llllill:
30

59.4+10.7

159.6±5.3

65.0±10.1

25.5±3.9

14.9+9.1

wmmmm
liiillllli'liili:;!

8

61.3+12.8

164.1+3.4

66.1±7.2

24.6+3.6

18.0+9.5

Bans
Ijiiiiiiiiiiii

8

59.8+5.3

160.9±4.1

65.9±5.9

25.5+2.7

19.3±8.7

Values arc mean + SD.

BMI. body mass index.

The difference between any of the variables in treatment group A compared to the variables in

the treatment group B was not statistically significant either in Sample 1 or in Sample 2.
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Table 3. Bone mineral density (BMD) in postmenopausal women measured at lumbar

spine and femoral neck at baseline and after one year of treatment (Sample 1)

for group A (etidronate) and group B (etidronate + nandrolone-decanoate)

compared using Student's t-test for paired means (intragroups) and unpaired

means (intergroups)

Group A (N=13)

Lumbar spine

Femoral neck

Group B (N=30)

Lumbar spine

Femoral neck

Values are mean + SD.

0.875±0.124

0.750+0.122

0.860+0.124

0.764±0.116

0.903+0.

0.769±0.

0.891+0.

0.776+0.

131

130

130

117

3.1+2.8

2.5+4.3

3.6+3.7

1.7+2.8

<0.005

<0.05

<0.00005

<0.005

After one year of treatment, as well as at baseline, the difference in BMD values between group

A and group B, was not statistically significant either at lumbar spine or at femoral neck site.
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Table 4. Bone mineral density (BMD) in postmenopausal women measured at lumbar

spine and femoral neck at baseline and after two years of treatment (Sample 2)

for group A (etidronate) and group B (etidronate + nandrolone-decanoate)

compared using Student's t-test for paired means (intragroups) or unpaired

means (intergroups)

i-iiliililililliil^il
::S;S:™S:!;j::::S™S:jSg^SSS™:S:4::S®:

:••:...:.:-.•:•:•:.:-:-.;•.:-:.:.>:;::•:.:.:•>:•:•:•:;:::.:;>:;:•:•:•:•:-:•:-:.:•:.:-:-:•

:::::SHSsH;:5;ssHS:?s:i::SSsssi::Hi:;:::::;Ss:H;

Group A (N=8)

Lumbar spine

Femoral neck

Group B (N=8)

Lumbar spine

F e m o r a l n e c k

|i::;|8g;g;;:|s:;i|;!|l;^JI|iiO3f;S

iiiiiiiiiiiiiii

0.811±0.116

0.693±0.045

0.846+0.098

0.753±0.070

:̂::::::::̂ :::::::::::::::-:':::-::::::>:--:ĵ yji|̂ ^yl̂ y-jl

Blliiiiiiii

0.867+0.120

0.713+0.068

0.889+0.105

0.769±0.063

•HHi i i i i

i|:SBiiii:il:li

6.7+2.9

2.8+5.0

5.2+4.7

2.1+5.2

||lll||:;l:||i;|§|l:l

iltilliili

<0.005

NS

<0.05

NS

Values arc means + SD.

After two years of treatment, as well as at baseline, the difference in BMD values between

group A and group B was not statistically significant either at lumbar spine or at femoral neck

site.
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XA9950551
STUDIES OF OSTEOPOROSIS WITHIN THE DEBRECEN REGIONAL OSTEOPOROSIS
PROGRAMME (DROP) IN HUNGARY USING ISOTOPE-RELATED TECHNIQUES

A. Balogh

University Medical School of Debrecen, Hungary

Description of research carried out

The aim of the research carried out within the above CRP was the first year of a four-
year period devoted to measuring bone density in the lumbar spine and the femoral
neck in 15-50 year old normal subjects, and studying the bone composition of selected
bone biopsy and autopsy specimens. These activities were planned in conformity with
the guidelines issued for this coordinated research programme.

Major cornerstones of the research programme were laid down during the first meeting
of the investigators in Vienna, 12-15 December 1994. An important issue was in this
meeting, how the target population will be defined and which investigations were likely
to be performed during the first year. It has also been clarified that bone biopsies and
subsequent histomorphometry and trace element analysis would be delayed within the
study time frame until agreement on the uniform procedures will be achieved. The issue
of questionnaires concerning nutritional status and habits as well as daily physical
activities and wellbeing of the subjects also left uncertainties and still needs final
shape. The dual X-ray absorption (DXA) bone densitometry as one of the most
prominent part of the study has been agreed upon, leaving however open the
agreement concerning the preferred type of densitometer, and the cross-calibration.
Collection of deep frozen serum samples have been agreed upon, the site and type of
assays remained to be determined. We also touched the vitamin D receptor analysis
(frozen blood bank) leaving open details.

In the time passed since initiation of the programme we could finally join the European
Prospectice Osteoporosis Study (EPOS) and we decided to act synchronously with it,
since there are some important similarities between the two studies, especially in the
use of bone densitometry. The major differences are in the different target populations:
the EPOS aims examining older age groups (40-80), the overlap being 10 years only.
Of course, the IAEA CRP includes more explicitly isotope related methods, e.g. the
detection and quantification of trace elements.

Due to the above circumstances during the first year of the study we have concentrated
on the bone densitometry and the nutritional calcium questionnaire, as well as the
lifestyle and physical activity questionnaire selection and validation.

The referendum and residence registers were not possible to access. Instead, we used
the Health Service Register which fully covers the population of Debrecen town, total
population of 230,000. During the reference year 118 (+ 140 in the next year, together
258) persons were examined by DXA (LUNAR DPX-L), 68 (+98, total of 166) women
and 50 (+42, total 92) men (AP spine and proximal femur). The data are in file and wait
for analysis. We have called only from the 35-50 age groups. Finally, we aim to have
50 subjects from each of the 7 age groups (5 year strata). The questionnaire of the
EVOS was used for lifestyle data collection an we used a separate form for the
assessment of calcium intake. Both have been adapted and validated in Hungarian
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population. The Quality Assessment of the DXA was made using daily QA routine as it
is in the Operating Manual. Beyond this we have performed monthly Aluminium spine
phantom measurements, as well as weekly Hologic anatomic spine phantom assays.

Results

Bone densitometry

For the 166 women BMD results of the AP spine (U-U) and the proximal femur were as
follows:
AP spine L t -U 1.119+/- 0.1 (S.D.) g/cm2, Femoral neck: 0.863 +/- 0.065 g/cm2 (S.D.)

For the 92 men corresponding values were 1.228 +/- 0.11, and 0.978 +/- 0.09 g/cm2

(S.D.)
The; Lifestyle Questionnaire has been validated (essentialy identical with the EVOS
Questionnaire), likewise the Calcium iuntake questionnaire. These Hungarian version
queltfonnaires became necessary to validate in order to ensure identical interpretation
ofTitrJe_.: .questions; "and possible answers since until now there were no such
internationally accepted forms to use in Hungarian osteoporosis studies.

di. Conclusions.

st
Germany. FurtheTr. number of, measurements will make it possible to establish our own
re^jonal database for Comparison. This will be especially usefor for the population
stratus beTow 20 years of age. Additionally, the Questionnaires fulfil similar task giving
a chance to take regional Hungarian data on the variables included in the
questionnaires.

There is obviously a delay of some components of the research plan. However it seems
realistic to fulfil the task if we continue to catch up by the end of the 4 year research
plan. Also, some of the imbalance of the detailed work will be rectified during the next
and subsequent study years.

Plans for the continuation of the above project

The study personnel only slightly changed.

Dr. Adam Balogh, Chief Scientific Investigator (for address, see title page)
Associate Professor, DepL Ob-Gyn
Phone / Fax No.: +36-52-420-545
Dr. Zsolt Jozsa, orthopedic surgeon (bone sampling)
Dr. Peter Bettembuk Co-investigator (laboratory assays)
Arpad Z. Kiss, PhD, Dsc, physicist, Institute of Nuclear Research, Debrecen, Hungary
Dr. Csaba More PhD trainee

No essential changes of the original Program of Research are planned. The scope
however had to be narrowed, focussing on bone densitometry of a population sample,
according to the guidelines elaborated and discussed by the participants during the
Research-coordination Meeting held in Vienna on 12 to 15 December 1994. Beyond
this, the laboratory background of the ongoing study is to ve strengthened. This is
already part of the study plans. New lines of research will be opened by acquiring a
new DXA instrument capable of vertebral morphometry, as well as an ultrasonic bone
assessment sytem
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The following 2 years will also be devoted to bone sample collection from traumatology
patients of the target age grups. The analysis will be done by the PIXE method in the
Institute of Nuclear Research of the Hungarian Academy of Sciences in Debrecen,
Hungary. An ortopedic surgeon has recently received training in bipsy and bone
sample acquisition from patient undergoing traumatology treatment.

One extension of the study has already initiated. Assessment of the bone density and
metabolic status has been commenced among young women who are planning
pregnancy in thre near future. The study has received Institutional Ethics Committee
approval. Twenty women aged 18 to 37 have been studied by now.

More involvement of men is also planned and preparatory steps made to invite men for
participation in the study.

As part of the population screening we plan also use ultrasonic bone assessment of the
calcaneus, since a new instrument of this type will be at our disposal from December
1996.

The work plan for the year November 1995 to November 1996, then from November
1996 to November 1997 contains further extension of our population based study of
male and female subjects of Debrecen town and surrounding region (county) aged 15-
50 years, 7 age strata, 140 subjects, continuing the list of 116 persons of the first year
of this study. As an extension of the densitometry we aim to measure retrospectively
the hip axis length and/or femoral axis length in the study persons. Furthermore,

collection of blood samples will be started during this period to assess bone metabolic
markers of this normal population.

Methods of performing the above procedures will be: DXA bone densitometry using
LUNAR DPX-L densitometer. The same instrument will serve as tool for hip axis length
measurements. The software of the machine allows this measurement in the Manual
Analysis routine. Further options could be to do spine morphometry using our new
Hologic QDR 4500. Also, body composition assessment could be part of the study.
Finally, the calcaneal ultrasound bone assessment is another option. Collection of
blood samples from persons not receving bone-affecting treatment in order Ho assess
osteocalcin and/or bone specific alkaline phosphatase blood levels and in a smaller
population sample urinary levels of metabolites indicating bone resorption (deoxy-
pyridinoline crosslinks, or crosslaps).

List of references
a. Balogh A, Bettembuk P, Margitai B, Bacsko G: The role of bone densitometry in the
early detection of osteopoporosis within the D6brecen Regional Osteoporosis Program
(Df^OP) in Hurigary. Osteopororsis International 1996, 6 Suppl. 1, 129 (abstr.)
b Q q l d A Bottembuk P.: HRT and prevention of osteoporosis: Risk>asj>£$sment and

e Eur. J. Obsfet: Gynaecol. Reprod. Med. 1996 (irtpfeiss) •
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ADDITIONAL INFORMATION SHOWN IN TRANSPARENCIES

DEBRECEN REGIONAL OSTEOPOROSIS PROGRAM (DROP)
UNIVERSITY MEDICAL SCHOOL
DEBRECEN, HUNGARY

COLLABORATING DEPARTMENTS :

OBSTETRICS - GYNECOLOGY,
INTERNAL MEDICINE (I & III)
ORTHOPEDIC SURGERY
RHEUMATOLOGY
RADIOLOGY

STARTING DATE :

LOCATION:

POPULATION SIZE:

POPULATION TYPE:

ACTIVITIES:

PROGRAM TYPE:

FUNCTIONAL UNITS (DROP):

APRIL 1992

DEBRECEN TOWN AND HAJDU-BIHAR COUNTY
HUNGARY
230,000 (DEBRECEN)
550,000 (DEBRECEN + COUNTY COMBINED)
URBAN & RURAL, EQUAL NUMBERS

POPULATION SCREENING
EARLY DIAGNOSIS
EDUCATION (UNDER- AND POSTGRADUATE)
RESEARCH

MULTIDISCIPLINARY
HEALTH CARE FUNCTION
HIGHER REFERRAL CENTER
EPIDEMIOLOGY & CLINICAL RESEARCH
DRUG STUDIES

OUTPATIENT CLINICS AND WARDS
BONE DENSITOMETRY UNIT
LABORATORY FOR BONE METABOLIC
MARKERS
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NEWS IN THE DEBRECEN REGIONAL OSTEOPOROSIS
PROGRAM 1995-1996

ENTERED OSTEOPOROSIS DRUG STUDIES

BECAME REGIONAL CENTER OF
THE NATIONAL OSTEOPOROSIS PROGRAM OF HUNGARY

LAUNCHED NEW OUTPATIENT OSTEOPOROSIS CLINIC FOR MENOPAUSAL
WOMEN

ACQUIRED A HOLOGIC QDR 4500 BONE DENSITOMETER (NOV 1996)
AND AN ULTRASOUND BONE IMAGING SYSTEM (UBIS) (NOV 1996)

INCREASED PATIENT TURNOVER: 1995 3,316 PATIENTS 4,743 SCANS
1996 3,950 PATIENTS 5,387 SCANS
(JAN-OCT)

WIDENED COLLABORATION: INSTITUTE OF PUBLIC HEALTH
THE COCHRANE COLLABORATION

METHOD OF RECRUITMENT FOR THE STUDY - DEBRECEN

REFRENDUM LIST WAS NOT AVAILABLE

HEALTH AUTHORITIES POPULATION LIST AND ADDRESSES WERE USED

RANDOMISATION BY AGE STRATA

INVITATION LETTER TO 350 PERSONS AGED 30-50 (MALE : FEMALE RATIO: 1)

52 REPLIED NO

40 DID NOT ATTEND WITHOUT NOTICE

258 PERSONS ATTENDED

WOMEN: 166
MEN: 92
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METHODS OF INVESTIGATION

OVERALL HEALTH QUESTIONNAIRE

OSTEOPOROSIS QUESTIONNAIRE: LIFESTYLE, ACTIVITY (EPOS)

NUTRITIONAL QUESTIONNAIRE (CALCIUM INTAKE ASSESSMENT)

VITAL SIGNS ASSESSMENT (BW, HEIGHT, BP, PULSE RATE)

AP SPINE DXA BONE DENSITOMETRY

FEMUR DXA BONE DENSITOMETRY

LABORATORY FOR HEALTH ASSESSMENT

RESULTS OF THE STUDY

ATTENDED: 258 SUBJECTS OF THE 350 INVITED (73.7%)

AGE DISTRIBUTION: 31 - 48, INCREASING BY AGE

SEX DISTRIBUTION: 64.3% WOMEN
35.7% MEN

DXA MEASUREMENTS: LUMBAR SPINE (W) L, - L,: 1.119 +/- 0.1 g/cm2

LUMBAR SPINE (M) L, - U: 1.228 -/- 0.11 g/cm2

FEMORAL NECK (W) 0.863 +/- 0.065 g/cm2

FEMORAL NECK (M) 0.978 +/- 0.09 g/cm2

LIFESTYLE QUESTIONNAIRE: LOW LEVEL OF PHYSICAL EXERCISE (PAST AND
PRESENT)

CALCIUM INTAKE: OVER 60% OF THE SAMPLE DID NOT TAKE THE AMOUNT OF
CALCIUM WHICH CORRESPONDS TO THE RDA FIGURES.
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CONCLUSIONS

CALLS FOR POPULATION BASED STUDIES YIELDED SUFFICIENT NUMBERS OF
SUBJECTS

THE PROJECTED AGE SPECIFIC NUMBERS MAY NOT BE SUFFICIENT TO SHOW
TREN DS OVER 15-50 YEARS

ONCE CALLED IN, A REASONABLE EXTENSION OF THE ORIGINAL DATA
COLLECTION BY INDIVIDUAL PERSONS CAN BE RECOMMENDED

CREATION OF A SINGLE DATABASE OF ALL RESULTS WOULD BE DESIRABLE

PLANS FOR 1997-1998

COMPLETING THE FULL NUMBER OF SCREENING PROCEDURES (I.E. 50 PER
AGE STRATA OF 5 YEARS AND SEX)

TO ESTABLISH REGIONAL / NATIONAL REFERENCE DATABASE, AT LEAST
DOUBLE NUMBER OF SUBJECTS OF THE PRESENT PLAN SHOULD BE
CONSIDERED

COLLECTION OF BONE SAMPLES FOR TRACE ELEMENT ANALYSIS AND
PERFORMIND THE PROCEDURE (PIXE)

COLLECTION OF BLOOD SAMPLES FOR BONE METABOLIC MARKERS

PERFORMING HIP AND FEMORAL AXIS LENTGH MEASUREMENTS, AS WELL AS
VERTEBRAL MORPHOMETRIC DXA AT LEAST IN A PILOT SAMPLE OF THE
STUDY POPULATION

MEASURING AND CORRELATING CALCANEAL ULTRASOUND PARAMETERS
(SOS, BUA) WITH BONE MINERAL DENSITY

PERFORMING BODY COMPOSITION ANALYSIS AT LEAST IN A PILOT SAMPLE
OF THE STUDY POPULATION

ANALYZE AND PUBLISH LOCAL RESULTS IF SUITABLE AND AGREED UPON BY
IAEA

COMPARING LOCAL RESULTS WITH THOSE COMING FROM OTHER REGIONS

7 - 7



XA9950552

PEAK BONE MASS DENSITY AMONG RESIDENTS OF METRO MANILA:
A PRELIMINARY REPORT

Mary Anne V. Lim-Abrahan, M.D.
Chief Scientific Investigator

Ma. Luz Vicenta V. Guanzon, M.D.
CSnkafFeBow, Endocrinology

UP-PGH Medical Center
Angel M. De Guzman. M.D.

Head, RacSolsotope Laboratory
SL Luke's Medfcaf Center

Copernico M. ViOaniel. M.D.
Consultant, Department of Orthopedics

UP-PGHMedicalCenter
Flora Santos. M.Sc.
Head, CSnical Chemistry

Phi. Nuclear Research Institute

Abst rac t

Study Objective: To determine the peak bone mass density among residents of Metro Manila using dual X-
ray absorpUometry (DEXA).
Design: Cross-sectional study
Setting: Philippine General Hospital, a university based tertiary care hospital, and Stluke's Medical Center, a
pnVate tertiary care center.
Subjects: Forty five (45) healthy subjects aged 15-50 years old, all current residents of Metro Manila, were
randomly chosen from among hospital companions were Included In the study. There were 23 females and 22
males, with 3 to 4 subjects for each age range of 5.
Methods: Bone mass density measurements on the lumbar spine and the femur using dual X-ray
absorptiometry (DPXL Lunar) were taken. The values were also age-matched and matched with that of a young
adult based on programmed Caucasian norm provided by Lunar Co. The values were then scattered against
age for each sex. Ten (10) cc of blood was also extracted from the patients, with the 5 cc of blood separated for
future studies. Parathormone assay and biochemistry examinations were also done. Patients were also
interviewed as to their lifestyle, diet, use of contraceptive pill or hormonal replacement treatment, using a
Filipino version of the revised questionnaire on the WHO Study on Osteoporosis .Dietary content was
estimated using a previous day food recall.
Results: The mean weight and height for females were 59.46H6.34 kgs. and 153.52*5.09 cms. respectively,
and for males. 58.14H0.06 kgs. and 162.52±6.75 cms. respectively. The mean bone mass density at the L2L4
level for females was 1.12±O.11 g/cm2and 0.91±0.11 g/cm at the femur. The highest BMD In both the lumbar
spine femoral neck measurements among females was achieved among those aged 30-35 years of age with
the lowest BMO occuring between 15-19 and 45-50 years of age In the lumbar spine among female
subjects .The highest BMD at the lumbar spine and the femoral neck among males was achieved between the
ages 30-35 years of age with the lowest BMO occurring between the ages 15-20 years old and incidentally m 2
subjects with ages between 40-44. There seems to be little bone loss among males beyond the age 35, unlike
in the females.

Conclusions: Bone mass density among a sample of Metro Manila residents was determined using DEXA
and the measurements on the lumbar spine and femoral neck. These .were age-matched and matched with
that of young adult based on Caucasian norm provided by the Lunar Co. Peak bone mass density In the L2L4
level among the females Is reached between the ages 30-35 years old. afterwhlch there Is progressive bone
loss with values In the 45-50 years old approximating the values In the 15-13 years old age range. A similar
pattern Is seen In the measurements taken at the femoral neck. Among males, the peak BMD Is reached during
the 30-35 years old, but there seems to be no rapid decflne or rapid bone loss occuring thereafter, unlike In the
female subjects.
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Introduction:

Osteoporosis exacts a great toll of suffering and health care costs worldwide.
Estimates have shown that the yearly cost of treatment of femoral fractures resulting from
osteporosis in the United States alone has reached $5 billion a year11. The aging
population has brought more proportion of our population at risk for osteoporosis 7.

There are no local figures citing the incidence of osteoporosis. In the Philippine
General Hospital, a tertiary government referral center with a bed capacity of 1,487, the
relative frequency of osteoporosis as primary diagnosis among patients consulting on an
outpatient basis in the year 1993 was only 7/543,700 admissions, while that of hip
fractures was 40/30,780 inpatient admissions1. These data however may not reflect the
trend on a nationwide scale. But fractures among the elderly which probably resulted
from osteoporosis has caused the Filipinos a relatively high death toll3. It is estimated
that hospital confinement in a government hospital for fracture may cost the patient and
the government approximately P30.000.00 ($1,250)'. This excludes the cost of lost
opportunities and productivity on the part of the patient.

The average Filipino is at risk of developing osteoporosis. His poor nutritional
intake9, susceptibility to various diseases from infancy to adulthood13 are factors which
may affect his general development including bone density. On the other hand, the
adequate sunshine throughout the year, abundant sea products in the diet which are rich
sources of calcium, relatively lower protein intake9, are factors which may obviate the
development of osteopenia.

Bone mass density can be measured accurately, safely, and precisely by several
methods. The use of dual energy X-ray absorptiometry (DEXA) has added advantage over
the other methods in that it offers better precision with the least exposure time and
absorbed radiation dose6.

Low bone mass density measurement is predictive of fracture. Melton et. al.e has
introduced a concept for fracture risk assessment, based on bone mass density
measurements, which may be useful in osteoporosis prophylaxis and management. Thus,
osteporosis is preventable.

There are yet no local studies which examined the bone mass density among
normal urban-dwelling Filipinos. This study attempts to establish the peak bone mass
density in this group, and to observe the trend in the BMD as a function of age. The data
from this study will also be used to compare differences from other ethnic groups.

Study Design: Randomized, cross-sectional study.

Methods:

The patients for this study were randomly chosen from among the hospital
companions in the Philippine General Hospital, a government tertiary care hospital, and
St. Luke's Hospital, a private tertiary care center. Hospital companions are similar in
characteristics compared to the neighbourhood controls and to hospital-patient controls
in terms of height, weight, marital status, longest residence, education, cigarette smoking,
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alcohol intake, annual income, proportion with salaries, medical history, parity,
menopausal status, breastfeeding practices, and use of oral contraceptives10. All of them
were residents of Metro Manila at least for the last 1 year, had no apparent underlying
illness, and were not currently on any medication.

Ten (10) cc of blood was extracted from the subjects, preferably in a fasting
state. Five (5) cc of whole blood was kept at ordinary freezer for future studies, and 5 cc of
blood for biochemistry and parathromone assay was separated. Patients were then sent to
St. Luke's Hospital, Radioisotope Laboratory for dual X-ray absorptiometry (DEXA).

To ensure quality assurance and quality control, appropriate measurements on a
phantom provided by Lunar Co. was taken dairy prior to initiation of each study session.
The DEXA was performed using a DPXL Lunar machine with measurements taken on the
lumbar spine and the femur. The patients were then interviewed using the Filipino version
of the questionnaire on the WHO Sludy on Osteoporosis. This contains questions as to
their lifestyle, smoking, exercise, use of contraceptive pills or hormonal replacement. A
previous day's intake by recall was elicited. Food frequency table, total caloric intake,
dietary protein, carbohydrates, fats and calcium content were computed based on the
Food Composition Table3.

Results:

Forty five (45) patients were included in this study, with 23 females and 22 males.
The age range was 15-50 years old, with 3 to 4 patients for each age range of 5.
Measurements on the anteroposterior lumbar spine and femur were taken and expressed
as g/cm2. For purposes of analysis, the measurements on L2L4 level and the femoral
neck were included. The measurements were matched for age and that of a young adult,
based on Caucasian norm programmed by Lunar Co. These were then scattered against
age for each sex.

Female Characteristics:

Except for 3 patients, all of the female patients were still menstruating. Not one had
any use of contraceptive pill, none had been placed on hormonal replacement therapy,
neither was anyone taking calcium supplement. All of them were non-smokers, and were
not taking alcoholic beverages regularly. None had history of fracture in their adult life.

Anthropometrically, their mean height was 153.52 + 5.09 cms. and the mean
weight was 59.48 + 16.34 kgs.

The mean bone mass density at the L2L4 level 1.12 + 0.11g/cm2. When age-
matched, the mean was 94.30 ± 8.9% and when matched for young-adult, the mean was
93.48±9.38%. The range for L2L4 was 0.67 -1.33 g/cm2. The lowest bone density at the
L2L4 level was between 15-19 and between 40-50 years of age. The highest bone mass
density at the L2L4 level for females was noted among those between 30-35 years of age
(Fig. 1).
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The mean bone mass density at the femoral neck for females was 0.91±0.11
g/cm2. When matched for age the mean was 93.39±12.58%, and when matched for that of
the young adult, the mean was 91.96±10.22% (Fig. 2).

Their mean caloric intake was 1441.9+593.57 kcal, with the following mean
composition: protein=51.65 + 16.54 g, carbohydrates=243±105.5 g., fats=30.74 g. ±15.50,
calcium content=661.53 ±489 g.

Male Characteristics:

The male subjects in this study were alt active, most of them were cigarette
smokers, and generally took alcoholic beverage at least 2 times a week. One patient had
a history of wrist fracture resulting from a fall at his teen years.

The mean height of the male subjects was 162.52±6.75 cms., with mean weight of
58.14±10.06kgs.

The mean bone mass density at the L2L4 level was 1.17±0.16 g/cm2. When age-
matched, the mean was 94.47±12.69%, and when matched with that of a young adult, the
mean was 94.27±12.45%. The range for L2L4 was 0.905 to 1.503 g/cm2. (Fig. 3).

The mean bone mass density at the femoral neck was 1.01±0.16 g/cm2 . When
matched for age, the mean was 95.59±15.31%, and when matched with a young adult, the
mean was 90.95±23.69%. (Fig. 4).

The mean caloric intake among males was slightly higher than those of females at
1714.86±524.01 kcal., with the following mean content: protein=64.55±24.27 g.,
carbohydrales=275.86±85.28 g., fats=44.36±24.01 g. and calcium=649.09±310.42 g.

Food frequency listing was also done so as to determine variety of food commonly
consumed by the subjects. Lifestyle factors such as exercise were also noted although
this was not analyzed.

Parathormone Assay:

Parathyroid hormone assay was also done using a Gamma-BCT Intact PTH kit
(Immunodiagnostics Inc., U.K.) and a 5-well Packard gamma counter. The mean value for
both sexes was 1.20 ± 1.01 pmol/L, with range of 0.7-4.4.0 pmoi/L. The values do not vary
with age in both sexes.

Discussion:

It is known that almost all fractures among the elderly is related to low bone mess.
Several studies have shown that the risk of fracture can be asessed through bone mass
density measurements. The risk of hip fracture could be predicted from the measurements
taken on midshaft of radius among 521 Caucasian women who were followed for an
average of 6.5 years5. The measurements on os calcis and in the radius predicted the risk
of hip fractures in 9703 women followed for 2.2 years3.
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In the study conducted locally by Redoblado. De Guzman et. al.12, the prevalence
of osteoporosis in the high -risk group of women who underwent DEXA was high at 58%,
while that of fractures was at 22%, reflecting the referral bias in this study population. It
was also shown that the age-related changes in the spine and the femoral neck BMD had
an initial steep uprise peaking at 37 years of age before gradually declining with age.
Looking at site-specific relative risks, it was observed that for every 1 SD fall in the spine
BMD from the peak adult bone mass, the relative risk of having either a spine or a hip
fracture was increased about 1 JX. For the femoral neck, each 1 SD drop from the young
adult value increased the risk for femoral neck fracture by about 5.8X, which was much
higher than the relative risk with respect to the spine BMD. In this study, we took the BMD
among presumably normal subjects with varying ages from 15-50 years old. Among female
subjects, there was a steep uprise in the BMD noted initially reaching its peak between
30-35 years old, afterwhich a decline was observed with the values in the 45-50 years old
approximating the values in the 15-20 years old. This observation was consistent with
the findings of the previous study. Among the male subjects, a similar pattern was
observed in that there was also an initial steep uprise reaching its peak in the 30-35 years
old, but there was no rapid decline observed afterwards. It would have been more
interesting if observations were taken beyond 50 years in both sexes.

Conclusions:

Bone mass density among hospital visitor-companions from a government and a
private tertiary care hospital in Metro Manila, was determined using DEXA and the
measurements on the lumbar spine and the femoral neck were age-matched and matched
that of a young adult based on Caucasian norm provided by the Lunar Co. Peak bone
mass density in the L2L4 level among females is reached between 30-35 years old,
aflerwhich there is progressive bone loss with values in the 45-50 years old approximating
the values in the 15-19 years old range. A similar pattern is seen in the measurements
taken at the femoral neck. Among males, the peak BMD is reached in the 30-35 years old
range, but there seems to be no rapid decline or rapid bone loss occuring thereafter,
unlike in the female subjects.

The subjects in this study were relatively of average height and weight for Asian
physique, consumed low calcium, low fat and low calorie diet. The males were generally
habitual smokers, and the females generally were non-contraceptive pill users. None were
also on hormonal replacement treatment at the time of the study.

Parathyroid hormone did not seem to vary with age, although the observations
were limited only up to 50 years old.

More subjects are needed in order to arrive at a statistically signifcant conclusion.
They should be followed up on a long-term basis so as to assess fracture risk in this
group.
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APPENDIX

Table 1. Characteristics in Both Sexes

Characteristic
Weight (kg.)
Height (cms.)
Calories
Prolein(g.)
Carbohydrates (g.)
Fats (g.)
Calcium (mg.)
L2L4 (g/cm2)
L-Youngadult (%)
L-Age-matched (%)
Femoral Neck (g/cm̂
F-Young Adult (%)
F-Age Matched (%)

Female
59.48H6.34
153.52±5.09

1441.9±593.57
51.65±16.54
2431105.55
30.74115.50
661.531489
1.1210.11

93.48l9.38
94.3(H8.90
0.91±0.11

91.96110.22
93.39l12.58

Male
58.14i10.16
162.32l6.75

1714.86l524.01
64.55i24.27

275.86i85.28
44.36i24.01

649.09i310.42
1.1710.16

94.27112.45
94.47112.69

1.01±0.16
90.95l23.61
95.59115.31
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STUDIES OF OSTEOPOROSIS IN RUSSIA USING ISOTOPE-RELATED TECHNIQUES

V. Zaichick
Medical Radiological Research Centre, Obninsk, Russian Federation

Description of research carried out:

The main aim of the present study was to estimate the age dependence of mineral

density for the different body regions in healthy population of the Russian European area

(Moscow and surroundings). Besides, bone mineral density (BMD) was to be analyzed by two

ways: both in vivo and in vitro. In vivo studies were carried out using the method of DEXA

(LUNAR DPX-L Densitometer) at the Central Institute of Traumatology and Orthopedics

(Moscow) on volunteers randomly chosen. Autopsy material received from Forensic

Department of Municipal Hospital (Obninsk) was used for in vitro NAA analysis.

For August 31, 1996 bone mineral density was studied by DEXA on 94 healthy citizens

of Moscow aged 15-55 (62 women and 32 men). The distribution of examined people among

the age groups is given in Table 1.

Bone mineral density of femoral neck (right and left), spine (front view, L2-L4) and total

body was measured in each studied person. All the examined people were also put questions

by a doctor to fill in the appropriate questionnaire (an adapted version of WHO

OSTEOPOROSIS PROJECT QUESTIONNAIRE, CASE CONTROL STUDY, JULY 15,

1993).
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Autopsy samples were taken from 58 people died unexpectedly (accidents, murders,

suicides, drowning, acute alcohol intoxication). The died had neither chronic nor systematic

diseases. The distribution of the died within the age groups is shown in Table 2.

Autopsy samples included those of bone (femoral neck, iliac crest and rib), teeth and

hair. Conventional surgical instruments were used for sampling. Samples were put in

polyethylene containers, frozen and then transported to the analytical laboratory. Instruments

made of titanium and plastic were used to clean samples from muscle and connective tissues.

Bone sample edges interacting with generally used surgical instruments were cut with a

titanium knife. Dental enamel was thoroughly wiped twice with alcohol-washed gauze wad to

avoid contamination related to stomatologic pincers. After cleaning, samples of bone and

teeth were weighed both by an ordinary way and when dipped into bidistilled water to

estimate wet mass and sample density. Then samples were frozen and freeze dried. Right

after lyophilization, samples were weighed again to estimated water content using sample dry

and wet mass ratio. Dried samples were placed in polyethylene packages, sealed and kept

until the analysis started.

INAA with short-lived radionuclides was used to study contents of bone major minerals

(Ca, P, Mg, Sr) and electrolytes (Na, Cl, K). The majority of analyzed samples represented

those of compact and trabecular femoral neck. For the short-lived INAA, about 100 mg bone

samples were weighed, sealed in thin polyethylene film and put in a polyethylene ampoule.

The ampoule containing Mn monitor as well was placed in a transport container to be

irradiated in WWR-c reactor horizontal channel (Obninsk Branch of Karpov Institute of

Physical Chemistry) equipped with pneumatic system. Neutron flux density in the channel

was 1.7-1013 ncm"2-s'\ The time of irradiation, decay and spectrometric measurement was 1,

1 and 5-H10 min, respectively. 1.5-f2 hours after irradiation, samples were again measured for

10-f-20 min. Contents of Ca, P, Mg and Cl were determined during the first set of

measurement using the emitting intensities of 49Ca, 28A1, 27Mg and 38C1, respectively, while

contents of Na, K, Mn and Sr were assessed during the second set of measurement in

accordance with emitting intensities of 24Na, 42K, 56Mn and 87mSr, respectively.

To ensure measurements, NUC-8100 spectrometric system (Hungary) and 40 cm3

Ge(Li) detector were used to provide about 4 KeV resolution at 1333 KeV line (^Co). The

element concentrations were calculated by a relative way comparing the intensities of

analytical photopeaks in the samples with those in the standards. Used were standards
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prepared from chemically pure compounds as well as synthetic standards of the Institute of

Physics, Georgian Academy of Sciences, based on phenol-formaldehyde resin. The precision

of the results was verified by simultaneous measurement of H-5 IAEA reference material

(animal bone).

The study of bone trace elements was started using INAA with long-lived radionuclides.

For this purpose, 50 samples weighing about 100 mg each were packed in pure aluminium

foil and placed in a quartz ampoule which was irradiated in IRT reactor channel (Moscow

Institute of Engineering Physics) with the flux of approximately 1013 n-cm"2-s"'. Since 32P p-

bremsstrahlung was the reason of high background, the optimum decay time of bone samples

was 90-rlOO days. Up-to-date spectrometric measurement must ensure estimation of Sc, Cr,

Fe, Co, Zn, Se, Rb, Ag, Sb, Cs and Hg using radiation of 46Sc, 51Cr, 59Fe, ^Co, 65Zn, 75Se,

^Rb, 11OmAg, 124Sb, 134Cs and 203Hg, respectively.

Results obtained

The results of estimating the age dependence of mineral density for the femoral neck,

spine and total body of healthy women and men using DEXA are given.ju Tablou 3 and t.

The age changes in concentrations of major minerals and electrolytes found for

compact and trabecular bones of healthy male femoral neck with regard for the wet and dry

tissue calculations are represented inJebtes~535.

Information about femoral neck water content depending on the age of healthy men is

shown in Table 9.

Conclusion drawn

The number of performed observations and analyses is evidently insufficient to make

any final decision, however some preliminary conclusions can be drawn.

In accordance with DEXA results, BMD maximum for the femoral neck, spine and total

body of healthy women is found for 31-35 age period (Table 3), while that of healthy men is

reached by 21-25 age period, i.e. 10 year earlier (Table 4).

Follow INAA results, the full-value mineralization for both compact and trabecular

tissue of healthy male femoral neck takes place by 15-20 age period (Tables 5-8). Contents of
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major minerals (Ca, P, Mg, Sr) in compact femoral neck have no changes up to the age of 55.

For the age above 30, concentrations of trabecular major minerals have a tendency to

decrease. This tendency is most distinct for the age above 50 (Tables 6 and 8).

The content of Na increases slightly with age in the compact bone of femoral neck

while the content of Cl decreases. There is also some increase of Na/Cl ratio with age. Since

Na and Cl are mainly the extracellular electrolytes, the increase of Na/Cl ratio is an evidence

of possible Na storage in hydroxiapatite crystals which can rise with age. This is expressed to

a lesser degree for the trabecular bone.

The content of K in the compact femoral neck has almost no changes for the age period

of 15-55 while that in trabecular bone decreases greatly with age. This tendency becomes

especially apparent by the age of 51-55 (p<0.05). Because K is an extracellular electrolyte,

the concentration of this element may indicate the reduce of bone cellular component.

Femoral neck water content of healthy men decreases with age (Table 9). So, if water

content averages (24.0±1.5)% for the age period of 15-25, it is only (17.8±1.4)% (p<0.001)

for the age of 26-55. Thus, bone is found to be dehydrated with age. It is quite clear that the

number of observations and analyses should be increased to obtain statistically more reliable

results.

In 1997 BMD studies using DEXA are supposed to be continued for the healthy

Moscow citizens so that each male and female age group included not less than 15 people. It

is also planned the autopsy material to be further collected with subsequent INAA. In addition

to INAA of major and trace elements in bone samples, tooth and hair samples will be

analyzed either.

Beginning from 1997, the cleaners of the Chernobyl accident will be examined by

DEXA at the Medical Radiological Research Centre of RAMS. In case any person has clearly

expressed osteoporosis symptoms, he will be recommended to be subjected to the iliac crest

biopsy with further morphological and biochemical analysis as well as INAA for the purpose

of diagnosis verification.
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Table 1

The number of examined healthy women and men,

citizens of Moscow (for August 31,1996)

The age range (years)

15-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

The number of examined people

Female

6

6

8

8

10

8

9

7

Male

5

8

3

4

7

4

0

1

Total 62 32

Table 2

The number of died people from whom autopsy samples of bone(femoral

neck, iliac crest, rib), teeth and hair were taken(for August 31,1996)

The age range (years)

15-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

Female

5

1

2

2

4

-

2

1

Male

3

4

5

6

6

6

5

6

Total 17 41
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Table 3

Results (Mean+SD) of estimating bone mineral density (BMD, g/cm2) by DEXA in healthy women,

citizens of Moscow, depending on the age

O

Region of
interest

left
Femoral
neck

right

Spine L2-L4

Total body

15-20
18.0+1.2

1.067±0.169

1.045±0.144

1.150±0.176

1.128±0.104

21-25
23.2+1.5

0.986±0.210

1.08110.194

1.197+0.194

1.159±0.122

Female age (years):

26-30
27.5+0.9

31-35
33.711.6

1.039±0.113 1.07310.187

1.02910.123 1.11310.150

1.25210.118 1.25810.140

1.20510.094 1.22110.099

Range and MeanlSD

36-40
38.2+1.1

0.97810.099

0.960+0.086

1.155+0.148

1.17410.091

41-45
42.011.2

0.99210.138

1.02510.143

1.235+0.086

1.20810.054

46-50
48.311.3

1.06310.085

1.082+0.125

1.23210.173

1.23610.082

51-55
54.5+0.6

0.96010.080

0.90810.086

0.926+0.056

1.083+0.060
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Table 4
i

Results (Mean±SD) of estimating bone mineral density (BMD, g/cm2) by DEXA in healthy men,

citizens of Moscow, depending on the age

Region of
interest

left
Femoral
neck

right

Spine L2-L4

Total body

15-20
16.8±2.5

1.08010.129

1.098±0.122

1.04010.041

1.12210.048

21-25
23.511.7

1.28410.147

1.28010.160

1.22610.168

1.34710.125

Male

26-30
28.011.7

1.12510.001

1.07510.084

1.24810.147

1.28710.132

age (years): Range and MeaniSD

31-35
32.311.1

36-40
38.311.4

1.0RR+0.074 1.10710.128

1.05810.082 1.09710.139

1.22110.134 1.17110.135

1.25510.033 1.29310.113

41-45
41.510.7

0.94910.049

0.94910.047

1.05310.128

1.18410.096

46-50
48.311.3

-

-

-

-

51-55
54.510.6

1.153

1.114

1.113

1.236



Table 5

Concentrations of Ca, Mg, P, Sr, Na, C\ and K in wet compact femoral neck

of healthy men depending on the age (Mean±SD, relative units)

The age
range

(years)
15-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

n

3

1

2

6

3

6

4

5

Ca

1.0010.21

0.90

0.91±0.12

1.0710.23

0.9110.08

1.0210.11

1.0610.12

0.9910.11

Mg

1.00+0.16

0.93

0.97+0.19

1.00+0.29

0.83+0.11

0.89+0.15

0.83+0.08

0.96+0.20

P

1.00+0.21

0.82

0.93+0.12

1.0610.22

0.9110.10

0.9910.12

1.0610.14

0.9610.13

Sr

1.0010.69

0.33

1.7710.18

0.5110.33

0.65+0.15

0.8210.32

0.81+0.45

0.6910.40

Na

1.00+0.30

2.77

0.59+0.32

1.25+0.40

1.11+0.33

1.08+0.16

1.07+0.30

2.01+1.67

CI

1.00+0.44

0.88

0.76+0.05

0.9410.29

0.7710.31

0.7910.32

0.6910.15

0.7210.35

K

1.0010.09

0.46

<1.0710.15

<1.07±0.45

<0.8410.20

< 1.0610.67

<1.0810.70

<0.8210.27

Table 6

Concentrations of Ca, Mg, P, Sr, Na, Cl and K in wet trabecular femoral neck

of healthy men depending on the age (Mean±SD, relative units)

The age
range

(years)

15-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

n

3

1

2

6

3

6

4

5

Ca

1.00+0.06

0.93

1.19+0.21

0.8410.15

0.8410.13

0.9210.26

0.9610.15

0.8410.27

Mg

1.0010.24

1.15

0.9610.12

0.7810.16

0.8610.12

0.9010.34

0.7310.26

0.7910.34

P

1.0010.12

0.86

1.08+0.11

0.8110.13

0.8110.11

0.95+0.20

0.8910.10

0.8610.30

Sr

1.0010.61

0.50

1.0310.88

0.48+0.29

0.7710.11

1.3110.66

0.9310.44

0.58+0.24

Na

1.00+0.28

0.73

1.1310.46

0.86+0.18

0.6610.32

0.76+0.28

0.6410.07

1.0710.67

Cl

1.0010.43

0.94

0.78+0.34

0.8510.17

0.4510.20

0.7510.22

0.64+0.54

0.7110.19

K

1.0010.41

0.82

<0.64i0.40

<0.80i0.64

O.44+0.14

O.95+0.89

0.6710.24

0.50+0.12
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Table 7

Concentrations of Ca, Mg, P, Sr, Na, Cl and K in dry compact femoral neck

of healthy men depending on the age (Mean±SD, relative units)

The age
range

(years)

15-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

n

3

1

2

6

3

6

4

5

Ca

1.00±0.14

0.87

0.81±0.11

0.97±0.16

0.81±0.1I

0.99+0.13

0.95+0.10

0.92±0.09

Mg

1.00±0.10

0.89

0.86±0.17

0.90±0.22

0.73±0.07

0.86±0.10

0.74±0.08

0.88±0.15

P

1.00±0.14

0.79

O.83±O.ll

0.97±0.15

0.81±0.12

0.9510.13

0.95±0.12

0.90±0.10

Sr

1.0010.67

0.31

1.5410.17

0.4510.36

0.5710.15

0.7310.20

0.71+0.38

0.64+0.42

Na

1.0010.26

0.96

0.5310.20

1.13+0.34

0.9910.32

1.09+0.16

0.96+0.26

1.8211.44

Cl

1.0010.42

0.84

0.6710.05

0.8510.24

0.6810.25

0.75+0.22

0.61+0.14

0.6610.30

K

i. 0010.17

0.43

O.9410.12

<0.95i0.39

<0.73i0.17

<0.93i0.53

<0.96+0.62

<0.7510.25

Table 8

Concentrations of Ca, Mg, P, Sr, Na, Cl and K in dry trabecular femoral neck

of healthy men depending on the age (Mean±SD, relative units)

The age
range

(years)

15-20

21-25

26-30

31-35

36^0

41-45

46-50

51-55

n

3

1

2

6

3

6

4

5

Ca

1.00+0.10

0.89

1.04+0.14

0.7610.09

0.7410.09

0.8810.14

0.8610.13

0.7610.20

Mg

1.0010.32

1.08

0.8310.09

0.6910.10

0.7410.08

0.83+0.23

0.64+0.23

0.71+0.27

P

1.0010.15

0.82

0.9410.09

0.7310.08

0.7010.06

0.9010.11

0.8010.09

0.7810.23

Sr

1.0010.62

0.47

0.9010.76

0.44+0.28

0.6710.12

1.21+0.48

0.82+0.39

0.5510.20

Na

1.0010.28

0.70

0.9910.33

0.79+0.18

0.5710.26

0.74+0.27

0.58+0.04

0.7310.27

Cl

1.0010.52

0.88

0.6710.30

0.7710.20

0.3810.16

0.72+0.23

0.5510.46

0.63+0.16

K

1.0010.40

0.77

<0.57+0.33

O.7610.66

O.4010.11

<0.95+0.91

0.7010.36

0.4510.08

9 - 9



Table 9

Femoral neck water content (Mean±SD) of healthy men depending on the age

The age
range

(years)

n

H2O, %

15-20

3

24.8±2.0

21-25

1

22

26-30

2

14.7±0.1

31-35

6

17.511.3

36-40

3

14.7+0.6

41-45

6

21.5±2.8

46-50

4

15.8±0.2

51-55

5

18.611.4
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STUDIES OF OSTEOPOROSIS IN SINGAPORE USING ISOTOPE-RELATED TECHNIQUES

K. Bose
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INTRODUCTION

The Department of Orthopaedic Surgery in the National University of Singapore has

been involved in research activities in osteoporosis since 1986. We currently have two

DEXA machines i.e. a Norland XR-26 and a Lunar DPX-L densitometer. We have

obtained normative data of 108 normal Chinese males and 136 normal Chinese

females (1-2). These data now form our reference for all patient's densitometry scans.

The facility is used routinely in screening patients for low bone mass as a risk factor for

osteoporosis and to follow-up patients on hormone replacement therapy and other

treatment modality. Our centre is also currently involved in a worldwide Phase III clinical

drug trial on the effect of raloxifene hydrochloride on postmenopausal osteoporosis.

Currently, we have a number of on-going projects utilizing the DXA machine, in

particular, the osteoporotic hip and spine fractures, falls in the elderly and the use of

bone densitometry as a non-invasive technique in the in-situ detection of total hip

replacement loosening (3-12).

MATERIALS AND METHODS

The main objectives of this study was to determine the bone density for the purposes of

i) determining the age of peak bone mass in each study group and

ii) quantifying the differences in bone density as functions of age and sex.

Normal healthy subjects from the three major ethnic groups in Singapore i.e. Chinese,

Malays and Indians, of both sexes across the age range of 15-50 were recruited for this

programme. Initial recruitment of subjects were done through the hospital

staff/outpatients and their family member and friends. Exclusion criteria include

subjects with a history of renal, liver or thyroid disease. Subjects on regular medication

e.g. steroids, fluoride and estrogen or who had a history of hip, spine or wrist fractures

were also excluded. A total of 122 females and 49 males were recruited (Table I).

The subjects were interviewed by the same technologist and the questionnaire included

details on lifestyle factors such as food intake, exercise and medication. The height

and weight was recorded. The bone mineral density (BMD) of the lumbar spine and left

hip was then measured using a LUNAR DPX-L bone densitometer. The BMD of spine

was analyzed in the region L2-L4 while analysis of the hip gave BMD values for the

femoral neck, trochanter and Ward's triangle. The hip axis length (HAL), defined as the
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length below the lateral aspect of the greater trochanter through the femoral neck axis

to the inner pelvic brim was also measured on the BMD scan of the femoral neck. This

was done by placing the software ruler parallel the femoral neck axis with the ends of

the ruler positioned at the bone edges. Recent studies have found that HAL predicts

hip fracture independently of age and BMD (13) and a one standard deviation increase

in HAL leads to a twofold increase in hip fracture risk (14).

A dedicated quality assurance programme was done throughout the period of study to

ensure instalment consistency and accuracy of results. This include the daily internal

calibration of the system and the scanning of a phantom.

RESULTS

Tables II and III shows the BMD and BMI value of the different age groups in both

sexes. Table IV shows the correlation of BMD to age, height, weight and BMI. BMD in

the lumbar spine and femoral neck were negatively correlated to age. There was a

positive correlation of femoral neck BMD to height ( r = 0.42334) and weight ( r =

0.39647). There was a good correlation between lumbar spine and femoral neck BMD (

r = 0.55252). Hip axis length was positively correlated to height ( r = 0.54131) but there

was a weak correlation of HAL to spine and hip BMD.

Males were found to significantly taller and heavier (p < 0.01) than females. However,

there was no significant difference in body mass index (BMI) ( Table V ). The hip axis

length in males was about 11% longer than in females. There was no significant

difference in BMD of the spine between males and females. The hip BMD of males in

all the 3 areas, i.e. femoral neck, trochanter and Ward's triangle was significantly higher

(p < 0.01) in males than in females (Table V).

The data was also analyzed according to the 3 major ethnic groups ( Table VI, VII). It

was found that Indian women were significantly heavier ( p < 0.01) than the Chinese.

The Indians also had significantly higher hip BMD and BMI than the Chinese. Although

there was no significant difference in height between the Chinese and Indians, Chinese

were found to have significantly longer hip axis length than the Indians. Indians had the

shortest hip axis length among the three races and this was seen in both males and

females. There was however, no significant difference in lumbar spine BMD among the

three races.
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Malays had the highest intake of milk and dairy products (45.2%) as compared to the

Chinese (36.7%) or Malays (34.9%). Most of the subjects interviewed had little or no

regular exercise. Only 24.5% males and 17.1% females do regular weight bearing

exercise at least once a week.

CONCLUSIONS

From the data collected so far, there seem to be some differences in BMD among the

three races. Indians and Malays were observed to have higher bone density than the

Chinese. This could partly be due to the higher body weight and higher calcium intake

in the Indians and Malays. A recent study in Singapore have also shown that the hip

fracture incidence in Chinese is higher than that in Malays and Indians (3). There could

also be racial differences in hip axis length which might explain the racial differences in

hip fracture rates (15-16). From our data, Indians had the shortest hip axis length.

However, the sample size for the Malays and Indians are small and we need to recruit

more subjects before any further conclusions could be drawn.

FUTURE WORK

Apart from BMD measurements, urinary deoxypyridonoline (Dpd) , a marker for bone

resorption, will also be measured. Dpd is a collagen crosslink formed extracellularly as

the final stage of maturation of the collagen fibril. Dpd have the unique advantage as a

marker in reporting the degradation of only mature collagen and not any biosynthetic

intermediates, unlike the current urinary hydroxyproline method which lacked specificity

and sensitivity. Studies have reported that mean Dpd values for subjects with diseases

known to increase bone loss and for postmenopausal subjects were significantly higher

than the mean for normal subjects. Hence, it would be useful to establish the urinary

Dpd values in normal males and females so that this biomarker could be used together

with BMD measurements in identifying individuals at risk and in monitoring the efficacy

of treatment.

The target number of subjects for this year will be 5 subjects in each age group ( 7 age

groups from 15-50 years) for each sex and race (Chinese, Malays and Indians) i.e. a

total of 210 subjects. The subjects will be recruited from members of the community,

schools and institutions. Each subject will be screened to ascertain that he is a normal

healthy individual. When the subject satisfies the inclusion and exclusion criteria as set
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by the protocol, he will be recruited for the study. On the day of the BMD assessment,

the subjects will collect their first morning void urine. The urine samples will then be

kept in a deep freezer (-20° C) for long term storage. The urine samples will be

analyzed in batches urine the Pyrilinks-D assay ( Metra Biosystems, Inc), which is a

competitive enzyme immunoassay in a microtiter stripwell format utilizing a monoclonal

anti-Dpd antibody coated on the strip to capture Dpd. Dpd in the sample competes with

conjugated Dpd-alkaline phosphatase for the antibody and the reaction is detected with

p-nitrophenyl phospate (pNPP) substrate. The strips are then read on an ELIZA plate

reader at 405 nm.

The subjects will have the BMD measured on a LUNAR DPX-L bone densitometer. The

spine, hip and whole body will be measured. The subjects will also be interviewed

regarding their lifestyle habits and food intake. The data collected will then be analyzed.
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Table 1. Number of subjects in the different age groups

Age group

15-20

21-25

26-30

31-35

36-40

41-45

46-50

Females

7

13

16

25

28

17

16

Males

0

8

7

8

9

11

6

Table II. BMD and BMI data for females

Age group

15-20

21-25

26-30

31-35

36-40

41-45

46-50

n

7

13

16

25

28

17

16

BMI

22.08 ± 3.05

19.73 ±2.35

21.41 ±3.76

22.07 ±4.71

23.53 ±4.66

23.44 ± 3.56

22.73 ±4.11

Spine BMD

1.029 ±0.125

1.175±0.138

1.143 ±0.129

1.152 ±0.080

1.187±0.108

1.117±0.108

1.204 ±0.127

Neck BMD

0.878 ±0.107

0.945 ±0.143

0.940 ±0.172

0.908 ±0.101

0.937 ±0.159

0.884 ± 0.086

0.917 ±0.104
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Table III. BMD and BMI data for males

Age group

21-25

26-30

31-35

36-40

41-45

46-50

n

8

7

8

9

11

6

BMI

22.15±2.18

22.46 ± 3.60

21.92 ±2.45

23.82 ± 2.63

24.35 ±4.85

24.88 ± 3.95

Spine

1.144±

1.094 ±

1.151 ±

1.053 ±

1.178±

1.192 ±

BMD

0.103

0.131

0.116

0.121

0.132

0.098

1

1

1

0

1

0

Neck BMD

.109±0.115

.017 ±0.223

.045 ±0.169

.944 ±0.104

.015 ±0.148

.968 ±0.157

Table IV. Correlation of bone mineral density and hip axis length to age, height,
weight and BMI

Lumbar spine BMD

Femoral neck BMD

Hip Axis Length (HAL)

Age

Height

Weight

BMI

Neck BMD

HAL

Age

Height

Weight

BMI

HAL

Age

Height

Weight

BMI

r

-0.28372

0.32364

0.18285

0.08041

0.55252

0.17920

-0.25848

0.42334

0.39647

0.23704

0.15283

-0.09724

0.54131

0.09976

-0.10763
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Table V. Comparison of physical variables and BMD between males and
females

n

Age

Height (cm)

Weight (kg)

BMI

Spine BMD

Femoral neck BMD

Trochanter BMD

Ward's Triangle BMD

Hip axis length (cm)

Females

122

35.36 ± 8.05

158.1 ±5.45

55.68 ±10.95

22.43 ±4.20

1.164±0.113

0.923 ±0.131

0.750 ±0.123

0.838 ±0.153

9.65 ± 0.26

Males

49

35.92 ±8.31

170.8 ±6.36

67.63 ±10.50

23.20 ± 3.43

1.139±0.123

1.017 ±0.156

0.859 ±0.148

0.886 ±0.188

10.83 ±0.33

P<

NS

0.01

0.01

NS

NS

0.01

0.01

0.10

0.01
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Table VI. BMD in Chinese, Malay and Indian women

n

Age

Height (cm)

Weight (kg)

BMI

Spine

Femoral neck

Trochanter

Ward's triangle

Hip axis length (cm)

Chinese

62

36.61 ± 9.50

158.6 ±5.02

52.8 ± 8.2

21.23 ±3.13

1.179 ±0.126

0.901 ±0.111

0.730 ±0.106

0.809 ±0.135

9.76 ± 0.52

Malay

19

32.68 ±5.84

157.8 ±5.15

56.6 ±11.3

23.05 ±4.34

1.155 ±0.103

0.923 ±0.159

0.725 ±0.124

0.846 ±0.178

9.67 ± 0.47

Indian

36

34.60 ± 7.88

157.5 ±6.39

60.11 ±13.3

24.16 ±5.02

1.143 ±0.107

0.959 ±0.142

0.799 ±0.139

0.883 ±0.160

9.45 ±0.51

Table VII. BMD in Chinese, Malay and Indian men

n

Age

Height (cm)

Weight (kg)

BMI

Spine

Femoral neck

Trochanter

Ward's triangle

Hip axis length (cm)

Chinese

24

34.04 ± 9.21

170.4 ±7.11

65.6 ±11.7

22.59 ± 3.76

1.127 ±0.105

0.991 ±0.146

0.828 ±0.132

0.849 ±0.172

10.88 ±0.52

Malay

12

36.75 ±7.53

170.8 ±4.55

69.4 ±10.2

23.81 ±3.55

1.142 ±0.143

1.031 ±0.169

0.898 ±0.184

0.910 ±0.215

10.90 ±0.38

Indian

13

38.62 ± 6.80

171.4 ±6.70

69.81 ±8.1

23.78 ± 2.64

1.156 ±0.143

0.991 ±0.146

0.884 ±0.139

0.930 ±0.192

10.66 ±0.45
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STUDIES OF OSTEOPOROSIS IN SOUTH AFRICA USING ISOTOPE-RELATED
AND OTHER TECHNIQUES

S. Wynchank
Medical Research Council, Tygerberg, South Africa

1. ESSENTIAL INFORMATION

(a) Contract number: 302-E4-SAF-8406
B5-SAF-23144

(b) Title of Project: Studies of Osteoporosis in South Africa using
Isotope-related and other techniques.

(c) Institutes where the research is done:
Academic Hospitals of the Medical Faculty, University of Cape
Town, Cape Town, South Africa (Groote Schuur and Red Cross
Children's' Hospital) and

National Acceleration Centre, Faure, Western Cape, South Africa

(d) Chief Scientific Investigator: Dr S Wynchank

2. METHOD AND SUBJECTS

A Hologic (Model 1000) osteodensitometer, located in the Department of Nuclear
Medicine of the University of Cape Town has been used to make bone mineral
density (BMD) measurements in 572 normal urbanised female subjects of
various ethnic groups, who live in the greater Cape Town area. Of the 572
subjects 314 are aged between 20 and 50 years. Height, mass and details of
relevant social and medical history were recorded for each subject. Ethnic
groups, age ranges and total numbers of the subjects are given in Table 1.

BMD in g/cm2 was measured at the following sites:

(a) In the bodies of lumbar vertebrae numbers 1, 2, 3, 4, (denoted L1, L2, L3,
L4) and the mean BMD value was obtained.

(b) In the left greater trochanter.

(c) In the left intertrochanteric region.
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(d) In the left femoral neck.

(e) In the left triangle of Ward.

3. RESULTS

Results will be given below for the mean BMD of L1, L2, L3 and L4 (Tables 2A, B, C)
and the total hip BMD (Tables 3A, B, C). (The latter is the mean BMD for femoral neck,
trochanteric and intertrochanteric regions.) These representative results have been
chosen to indicate the trends observed and full results will be given at the conclusion of
the project when all data have been obtained and analysed.

4. DISCUSSION

This report is limited by its being an interim account of the research and is of
necessity incomplete. Amongst the present data, there are insufficient results
obtained for African subjects and for the extreme age ranges. These lacunae
are expected to remain temporary set backs. All the measurements were made
on the patients' left sides. This was chosen to coincide with the non-dominant
femoral region.

One trend is clear for all groups of subjects, where there are sufficient statistics.
There is the expected fall in BMD beyond the age of menopause. Although
there are severe statistical constraints on data to date from African subjects,
their BMD is probably not lower than that of the other groups. Since their social
circumstances are generally unsatisfactory, this is at first sight surprising and
clearly requires further investigation. For persons of the other two groups the
statistics are better. There is little discernible difference in the BMD values of the
two groups at all ages.

Important questions raised in this work include the following. What are the
relative contributions of genetic and dietary influences to differences in BMD?
This can only be answered by more BMD studies, especially on Africans, and
preferably accompanied by investigations of dietary and other relevant habits It
is likely that the African diet differs from that of the other groups. But there is
evidence to show that such differences are becoming eroded. (Such evidence
arises both from dietary surveys and from incidence of the burden of life-style
associated diseases.)

Future work will include trace element determinations on autopsy samples. Little
such work has been done so far because of local logistical constraints and the
paucity of guidelines. Elimination of both is expected to be followed by progress
in obtaining autopsy data. The IAEA document NAHRES-28 on 'The Role of
Trace Minerals in Osteoporosis" and the present CRP meeting will be of great
use in this respect. A technical advance likely to be relevant is the availability of
true density measurements (g/cm3). Progress in this regard from manufacturers
and from research groups (priv comm. Prof B. Basse-Cathalinat) is to be noted.
It is hoped that the unique mix of subjects available in Cape Town will be able to
allow a useful contribution to this CRP and interim results seem encouraging.
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Table 1 The subjects studied to date.

Ethnic Group
European
Mixed origin
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
African
European
Mixed origin
European
Mixed origin
European
European
European
European

-
European

Age range
(yr)

18-20

21 -25

26-30

31 -35

36-40

41 -45

46-50

51 -55

56-60

61 -65

66-70
71 -75
76-80
81 -85
86-90
91 -95

n
9
3

29
21
1

22
17
4
28
30
2
35
11
2
48
19
3

44
5
3
55
3
3

45
2
58
2
31
30
3
3
-
1
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Table 2A Mean lumbar (L1-L4) vertebral bone mineral
density (g/cm2) in Europeans

Age range
(yr)

18-20
21 -25
26-30
31 -35
36-40
41 - 45
46-50
51 -55
56-60
61 -65
66-70
71 -75
76-80
81 -85
86-90
91 -95

n
9

29
22
28
35
48
44
55
45
58
31
30
3
3
-
1

Lumbar vertebral (L1-L4) BMD in g/cm''
Mean
0.95
0.98
1.08
1.08
1.04
1.04
1.03
0.98
0.90
0.88
0.81
0.84
0.80
1.20

-
1.34

SD
0.09
0.22
0.10
0.09
0.13
0.18
0.15
0.15
0.14
0.12
0.19
0.11
0.07
0.31

-
-

Table 2B Mean lumbar (L1-L4) vertebral bone mineral
density (g/cm2) in persons of mixed racial origin

Age range
(yr)

18-20
21 -25
26-30
31 -35
36-40
41 -45
46-50
51 -55
56-60
61 -65

n
3

21
17
30
11
19
5
3
2
2

Lumbar vertebral (L1-L4) BMD in g/cm'
Mean
0.94
0.98
1.03
1.01
0.94
1.03
1.19
1.04
0.88
0.96

SD
0.10
0.16
0.12
0.13
0.31
0.13
0.22
0.23
0.07
0.14

Table 2C Mean lumbar (L1-L4) vertebral bone mineral
density (g/cm2) for Africans

Age range
(yr)

21 -25
26-30
31 -35
36-40
41 -45
46-50
51 -55

n
1
4
2
2
3
3
3

Lumbar vertebral (L1-L4) BMD in g/cm'i

Mean
0.97
1.06
1.11
1.11
0.96
1.06
0.99

SD
-

0.07
0.11
0.23
0.11
0.16
0.34
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Table 3A Total hip bone mineral density (g/cm2) in Europeans

Age range
(yr)

18-20
21 -25
26-30
31 -35
36-40
41 -45
46-50
51 -55
56-60
61 -65
66-70
71 -75
76-80
81 -85
86-90
91 -95

n
9

29
22
28
35
48
44
55
45
58
31
30
3
3
-
1

Table 3B Total hip
of mixed i

Age range
(yr)

18-20
21 -25
26-30
31 -35
36-40
41 -45
46-50
51 -55
56-60
61 -65

n
3

21
17
30
11
19
5
3
2
2

Table 3C Total hip

Age range
(yr)

21 -25
26-30
31 -35
36-40
41 -45
46-50
51 -55

n
1
4
2
2
3
3
3

Total hip BMD in g/cm''
Mean
0.90
0.92
0.97
0.98
0.89
0.91
0.92
0.91
0.83
0.82
0.80
0.77
0.72
0.86

-
0.91

SD
0.12
0.13
0.13
0.11
0.11
0.11
0.15
0.10
0.10
0.12
0.10
0.11
0.19
0.08

-
-

bone mineral density (g/cm2) in persons
•acial origin

Total hip BMD in g/cm'
Mean
0.90
0.87
0.91
0.90
0.95
0.97
1.02
1.01
0.79
1.05

SD
0.12
0.16
0.16
0.12
0.11
0.10
0.17
0.06
0.01
0.14

bone mineral density (g/cm2) for Africans

Total hip BMD in g/cm'
Mean
1.06
0.95
1.08
1.08
0.85
1.02
1.00

SD
-

0.11
0.16
0.47
0.13
0.16
0.25

S:\SHARE\V1TAUNK\STAFRWNCHANKVGENERAL\RES-CONT.DOC
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1. Introduction

One of the primary purposes of the coordinated research program was to measure BMD of the
healthy population of the ages between 15 and 49 based on the protocol discussed during the first
research coordination meeting, RCM, in Vienna, December 12-15, 1994. The work carried out
since then can be divided into several topics. Each of these subjects will be summarized in the
following sections.

1. Preparation of the Questionnaire
2. Selection of Candidates for BMD Measurements and the Application of the Questionnaire
3. Analysis of the data from the questionnaire
4. BMD Measurements
5. Analysis of BMD Measurements

6. Trace Element Measurements

1. Preparation of the Questionnaire

1.1 WHO Questionnaire
The questionnaire currently used in this study is a modified form of the questionnaire which was
prepared by WHO for the Osteoporosis Project used for case control studies in 1993. The
objective of the WHO questionnaire was to identify and compare risk factors for hip fractures,
such as dietary factors and physical activity, between cases and population controls, in several
countries. The topics included in the WHO questionnaire were: Social and demographic
information , the family history of the fractures , personal and inherited characteristics, smoking
habit, the history of fertility, level of the physical activity, history of the diet, life style identify and
compare risk factors for hip fractures, such as dietary factors and physical activity.
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1.1.2 Adaptation of the Questionnaire

For the purpose of our study the WHO questionnaire was translated into Turkish and modified
according to life style of average Turkish population. As the aim of the Turkish study group was
to evaluate the bone mass of the younger people, the mental state, history of hip fracture and
functional disability sections of WHO questionnaire were discharged. The ethnic background
question was modified to three geographic regions of Turkey. Alcohol usage was assessed
together with smoking. The female reproductive history section was developed by adding the
questions of first menstruation age, menstrual abnormalities, treatment due to abnormal
menstruation, presence of polycystic over, mammary cancer and anti estrogen therapy due to
these diseases.

As praying five times a day is essential according to Islam and as many people, especially the
elderly population gives importance to this rule, Namaz was questioned in the exercise section.

The dietary section was adapted according to the Turkish cuisine. Long lasting medical treatment
is also assessed in this form.

2. Selection of Candidates for BMD Measurements and the Application of the
Questionnaire

Ankara, the capital of Turkey, is located in central Anatolia has a population of around 3 million.
Most of the people are the immigrants of various parts of Turkey. Middle East Technical
University is in Ankara and its students and staff share the mosaic of the city. Therefore we
decided to select our subjects among the METU members. Another reason of selecting the
candidates among the staff and the students of the University was the easy re-call of these people
if needed. A primary form in which the age and origin of the individual was distributed to the
students and staff for establishing a pool of subjects that may join this study. For the sake of a
peer random selection, the ethnic group, the origin of the individual, habits like smoking and
alcohol or sporting were not questioned in the primary form. It is also advertised at the Middle
East Technical University newspaper. More than 3000 people answered to the primary form.
Following sex and age distribution, applicants were selected randomly. Two hundred ten people
among the applicants were selected for BMD study. About 1000 people did not give enough
information to us to make decision. We believe most of them were more than 50 years old. There
were accumulation between ages 30 to 45 and selected only six for each age group. Sex
distribution of the candidate were equal. Three female and three male person were selected for
each age. These subjects were individually called to METU Medical Center and questioners were
filled under the supervision of one of the medical doctor. Each interview took approximately 45
minutes (range 25min-65min). Following the application of the form to 100 subjects a
retrospective evaluation of the form revealed the necessity to change the dietary section. Further
studies were performed with these changes at the form.

A detailed description about the project was given to the applicants and their weight, height and
arm span were measured at the same session. Selected subjects were then, referred to the Duzen
laboratory for bone mineral density measurements

3.Analysis of the data from the questionnaire: Osteoporosis Score

The data obtained from the forms were converted to a pointing system. This procedure was done
by making a relative importance list according to the present literature'12. The similar questions in
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the form were gathered together under each related topic. For each of these 10 topics different
osteoporosis Effecting Constants, OEC, ranging from 0 to 1.0 were given according to the
relative effects on osteoporosis. Each of the main topics was given a constant point according to
the answers. After calculating the Osteoporosis Score, OS, of the each of the ten groups, they are
added together to form final Osteoporosis Score for each subject. Then OS's were compared
with the DEXA results of the individuals.

Major factors taken into consideration which affect on osteoporosis are age, genetics, body mass
index, height to arm span ratio, exercise, female reproductive system, pregnancy, smoking,
alcohol and drug habits. Effects and composition of each factor will be discussed separately. We
assumed different weighing factor, Fk for each of the factor for males and females, which changes
between 0 and 1.0. The values of Fk are decided with the assumption of their relative effects on
osteoporosis, based on our knowledge on the disease. Each of the factor may have one or more
components with different osteoporosis effecting factor, Fl, which also change between 0 and 1.0.
As an example, for a single major group ( i ) osteoporosis score will be calculated as ,

OSi = Fkix Fli
and the final Osteoporosis Score ,OS, will be,

10

OS = Z Fki xF|i
i= l

The Fki and Fli values for factor i are decided with the assumption that the subjects who have
the largest OS values will less likely have osteoporosis problem during his/her life time.

3.1 Age (a)

Age is known to be a major factor, effecting male and female osteoporosis. Bone remodeling is an
important aspect of skeletal biology. Decrease in remodeling and/or increase in resorption is
correlated with osteoporosis. As age progresses, localized imbalances appear within each
remodeling cycle, such that the amount of bone resorbed is greater than the quantity with which it
is replaced, particularly on the endosteal surface of cortical bone and in cancellous bone3 .
Starting from age 15, ten age groups for women and men were established separately, with five
year intervals, in order to give a Fla value fore each male and female age group. The score
changes between 0 and 1.0 according to the age group. Fla values are largest namely 1.0 for age
groups between 25-39. In general the BMD value reaches to maximum at these ages3. They
gradually reduces as age increases.

3.2 Genetic (g)

This factor is composed of origin (or), present living site (Is), and family situation (fa), of the
subjects. Fracture and/or curved back in Family due to osteoporosis is taken into consideration in
calculating the Fig value of the subject4.

3.3 Body Mass Index, BMI (w)

Several studies have shown a significant protective effect of body weight or BMI on hip fracture
risk5"*. Body Mass Index is defined as Weight (Kg) / Height2 (m~). The mean BMI (weighted for
the height distribution of the United States population) taken from the mid-point of the medium
frame of the 1983 Metropolitan tables is 22.4 kg/m2 for men and 22.5 kg/m1 for women. A BMI
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of greater than 26 kg/m2 seems to not confer additional rotection. This approximates to the mean
BMI of women in many European countries and the United States. The greatest risks, however,
were observed with a BMI of 20 or less7. This suggests that obesity should not be regarded as a
very effective protective factor as has been always suggested.
3.4 Height/Arm Span (h)

In addition to BMI, the ratio of arm span to height values were also used as a major factor. It is
generally accepted that the arm span of an individual is not expected to decrease during aging but
contrarily the height is expected to decrease as the age increases. This procedure may be
accelerated in the presence of a marked Osteoporosis. So, if the ratio of height to arm span is
smaller than 1, a physical disorder or a measurable mistake have to be questioned. As age
increases, the ratio is expected to be lower.

3.5 Diet (d)

We divided diet into 10 subgroups based on their calcium content and other essential trace
elements such as copper, manganese, fluoride and magnesium5"9. Also a third factor introduced
here depending on trace element content of the food. Most prospective intervention studies have
shown a significant effect of high intake of calcium in women after the menopause but
unfortunately most of the studies were unable to determine at what period of life high or low
intake of calcium was most important. Several studies have suggested that the consumption of
coffee is associated with a significant increase in risk of fracture8'9. The consumption of tea was a
protective factor in some of the studies*. Although tea contains appreciable quantities of caffeine,
this also argues against a significant effect of caffeine consumption on risk. The reason why tea
intake might be protective is unknown, but may be the effect of relatively high Mn content of tea.
At least, one huge cup of tea daily would be expected to increase fluoride intake by up to 4 mg
daily. It is also possible that a protective effect of tea is due to the presence of phytoestrogens.
Two types of the traditional soups of Turkish cuisine have very high calcium content, so they are
included to the diet table.

3.6 Exercise (e)

In this group we included not only sport and exercise but also means of transportation,
occupation, level of physical activity on the job and praying as well. As praying five times a day is
essential according to Islam and as many people, especially the elderly population gives
importance to this rule, Namaz was questioned in the exercise section.

3.7 Female Reproductive History (r)

In this group we included first and last age of the menstruation, problems related to menstruation,
hysterectomy, ovariectomy and mammary. The important factor in determining the rate of bone
loss is also related to the loss of ovarian function. The cancellous bone vertebral bodies appears to
be particularly sensitive to declining sex hormone production. It is clearly demonstrated that the
efficiency of intestinal calcium absorption declines across menopause 6'7>1° . Bone is target tissue
for estrogen. Increased calcium transport into and out of the skeleton must be the primary change
that occurs after estrogen deficiency. Periods of menstrual disturbance such as oligomenorrhea
and amenorrhea are also risk factors for low bone mass prior to menopause".

A late menarche or early menopause was associated with a significantly higher risk of hip fracture
in all countries as shown in MEDOS Study. Assuming an exponential curve, for each year of
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increase in fertile period the risk of fracture decreased by 1.9%. So, age of the menarche and age
of last menstruation have possible effect on osteoporosis .

3.8 Pregnancy (p)

Having no child is considered to be a negative factor effecting osteoporosis according to our
present knowledge on osteoporosis. But, although it has a lot of advantages to baby and mother,
breast feeding also cause a decrease in calcium storage of the mother. In most of the developing
countries, in general, the calcium intake of mother is not at the recommended level. The Diet
Department of Hacettepe University, Turkey, recommended 500 mg Calcium intake for women,
1000 mg for pregnant and 1500 mg for breast-feeding women. So the assumption is, the more
breast fed child the more loss of calcium for a mother.

3.9 Smoking and Alcohol (s)

While determining the Fl value, the duration of smoking seem to be as important as the number
of cigarettes smoked per day. The abuse of alcohol clearly increases the risk of osteoporosis for
both sexes12 . Similar to smoking, for how long has the subject been drinking alcohol is as
important as the amount of alcohol intake.

3.10 Medicine (m)

It is thought that, if an individual uses a drug for at least 6 months, there should be a serious
problem with the health status of the subject. In addition, most of the skeletal problems require
usage of at least one type of analgesic drug. Also the hormone therapy for various endocrine
diseases like thyroid diseases, usually require more than 6 months If the subject is known to use a
drug for more than 6 months, it is assumed that the drug may cause some alterations in the
metabolism and the physiology of the individual.

We have carried out these calculation on 87 female and 57 male subjects, for them we also had
BMD results. We obtained positive correlation between the OS values, and the BMD, for age,
height, height/arm span, weight, BMI, history of reproductiv system , pregnancy, and medicine.

4. Bone Mineral Density Measurements

Bone mineral density measurements were performed at the Ankara Duzen Laboratory with a dual
energy x-ray absorbtiometer (DEXA) (QDR-2000 and QDR 4500, Hologic Inc., Waltham, USA).
The spinal column (Li to L<) and the right hip region (femoral neck, trochanteric region,
intertrochanteric area and Ward triangle) of the individuals were evaluated in the anterior-
posterior and lateral directions. Prior to DEXA, the height, arm span and weight of the individual
is assessed. Daily calibration of the DEXA equipment is performed according to a standard
protocol as described by the supplier of the instruments.

5. Bone Mineral Density Results

Bone mineral density results were evaluated according to the age groups. Results of the
measurements and age distributions are presented in table.
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In Fig. 1 and Fig. 2, the BMD averages of the subjects for the spine (anterior-possterior, L1-L4)
and the hip (anterior-posterior, total) are presented as a function of age. As seen, there are no
differences between the results of the male and female population for spain BMD (L1-L4).
However the hip BMD values for female are lower than man for all age groups. Furthermore, the
averages do not significantly change as age increases.

Table 1. Bone Mineral Density Results of the Males

Numbek-of Individuals *- ~'V V'

Spine (LI-L4) Antero-posterior

Spine (L2-L4) Lateral

Hip (Total) • » /

7
(17.7 ±1.6)
0.8812
±0.103
0.8015
±0.105

0.9137
± 0.082

20-24
9
(22.2 ± 1.6)
0.9929
± 0.078
0.7821
± 0 . 1 1 3

0.9941
± 0.070

25-29 "
8
(27.8 ± 1.3)

0.9274
±0.123
0.8274
±0.095

0.9488
±0.188

30-343'
8
(32.6 ± 1.4)

1.0159
±0.112
0.7945
±0.097

1.0105
± 0 . 1 1 8

35-39
10
(37J ±1.7)
0.9672
± 0.762
0.7554
±0.101

0.9436
±0.123

40-44-
8
(42.0 ±1.3)
0.9384
±0.122
0.7221
± 0.074

0.9561
±0.095

45-49,
13
(46.1 ± 1 . 3 )

0.8818
±0.123
0.7274
± 0.071

0.9445
±0.126

Table 2. Bone Mineral Density Results of the Females

Age Groups
Number of Individuals

Spine (L1-L4) Antero-posterior

Spine (L2-L4) Lateral

Hip (Total)

15-19?
8
(17.6±1.2)
0.8842
±0.116

0.7040
± 0.066
0.8433
±0 131

20-24
14
(22.0 ±1.2)
0.9690
±0 100

0.7467
± 0 076
0.8828
±0.090

25-29
12
(26.8 ± 1.3)
0.9843
± 0.088

0.7790
± 0.074
0.8331
±0.101

30-34
14
(31.8 ± 1.5)
0.9774
±0.079

0.7555
± 0.054
0.8122
±0.094

35-39
15
(37.0 ± 1.6)
1.0347
±0.122

0.7792
±0.068
0.8813
± 0 . 1 1 6

40-44
15
(42.0 ± 1.4)
0.9530
±0.161

0.7439
±0.098
0.8190
±0.147

45-49
13
(46.8 ± 1.6)
0.9740
±0.150

0.7295
±0.104
0.8385
±0.120

Figure 1. Age vs. Spine BMD (L1-L4) Anterior-Posterior
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Figure 2. Age vs. Hip BMD (Total) Anterior-Posterior

6. Trace Element Studies

6.1 Obtaining of Bone Samples

Bone biopsies were obtained from patients undergoing orthopedic surgery due to any other
reason than osteoporosis. Bone biopsies were obtained according to the following established
protocol:

Patients undergoing surgery filled the Osteoporosis Project Questionnaire which contains
information on life style , dietary intakes, and the reason for surgery. Bone mineral density was
measured prior graft removal for most of the subjects.. 3-5 grams of bone grafts were obtained
from the anterior iliac crest. The iliac crest of hip bone is the most suitable part as the main
sampling site for several reasons:

Local variation in the elemental concentration along the iliac crest is minimal and these biopsies
are commonly taken clinically on patients. Also the cortical part of the sample is small (2 mm) and
can be easily separated from the trabecular bone. The use of the trabecular part of the iliac crest
for trace element analysis has the advantage of reflecting rapidly changes in the composition of
bone due to external parameters, including medication.

Bone biopsies from the iliac crest were taken using a Ti-Al-V or a stainless steel osteotome and
placed into prewashed polyethylene bags and stored at -20 C in a deep freezer.

6.2 Preparation of Bone Sample for Analysis: Removal of blood and muscle

The cortical and trabecular parts of the bone were separated from each other with osteotome.
Soft tissues, muscle and fat were removed mechanically with osteotome as far as possible. The
sample was divided into smaller parts and weighed. For the removal of possible surface
contamination, both cortical and trabecular parts of the same bone were placed in a polyethylene
bottle containing 50 mL 5% citric acid solution for about 30 seconds in the ultrasonic shaker.
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Blood was removed by placing the entire bone sample in 50 mL 5% glucose solution (isotonic
solution) for about 60 minutes in the ultrasonic shaker and then the solution was discarded. This
procedure was repeated for six times.

Fat and muscle were removed by placing the entire bone sample in 50 mL diethyl ether for
about 15 minutes in the ultrasonic shaker and then ether was removed and this procedure was
repeated one more time.

The bone sample was frozen with liquid nitrogen in a polyethylene bag and then ground in a
Teflon container to produce a homogenous sample. The bone sample was dried at 80 ° C for
several hours until a reasonable constancy of weight has been achieved. Cortical and trabecular
parts were weighed, separately.

It is recommended that blood, muscle and fat are removed immediately after the bone sample is
obtained.

6.3 Atomic Absorption Spectrometry (AAS)

AAS was used for determination of Ca, K, Mg, Na, Mn ,Zn and Cu in bone samples. Sample
preparation is a critical step prior to AAS. It requires the oxidation of organic matter of biological
samples to prepare a solution ready for analysis of mineral elements. For bone samples, for
dissolution purposes several acid or acid mixtures can be used.

For the preparation of bone samples for AAS, cleaned, separated from blood, muscle and fat,
powdered and homogenized bone samples were dissolved in nitric acid. Different dissolution
procedures such as hot plate dissolution, dissolution at room temperature and microwave
dissolution were tried .After these experiments, microwave dissolution procedure was chosen as
the main digestion method for its following advantages: Rapid dissolution (only 8 minutes ) ,
complete digestion, minimal reagent consumption, sample integrity which allows volatile element
determination , lower reagent blank and potential automation.

After dissolution , digests were diluted to 50 mL with deionized water. Matrix matched standard
solutions were prepared. Calcium, K, Mg, Na, Mn and Zn were determined by flame AAS.
Copper was analyzed using flameless AAS, the graphite furnace settings chosen for the HGA
programs were determined experimentally by varying the drying, charring and atomization times
and temperatures. AAS experiments are carried out with animal bones and still continuing to
reach the desired optimum conditions.

6.4 Neutron Activation Analysis (ENAA) of the Bone Samples

Bone samples weighing approximately 300 mg will be irradiated with thermal neutrons at
Cekmece Nuclear Research Center, TR-2 Reactor in Istanbul. Gamma rays of the radioactive
isotopes of the samples will be measured with the nuclear spectroscopy system at the Department
of Chemistry, METU.

We have already analyzed five bone samples (cortical and trabecular parts separately) weighing
approximately 200 mg, both short and long irradiation at Massachusetts Institute of Technology
(MIT), USA.
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7. Future Work

7.1 Questionnaire studies

Further calculations on the point system introduced in this paper will be continued. With the
more complete questionnaires and BMD results , we believe that point system will give us a
better opinion on the future osteoporosis risk of the subject.

7.2 Bone Mineral Density Measurements

Up to now we have completed the BMD measurements of 150 subjects. During the next year, this
will be extended at least to 210 or more subjects, which was our original intention. With the
completion of these measurements, we will have better idea about the distribution of BMD as
function of age and the position of peak BMD for the average Turkish population.

7.3 Trace Element Studies.

Trace element studies will be continued by using both AAS and INAA. Besides the element
mentioned above fluoride will be determined by Ion Selective Electrode, ISE13.

7.4 Biomechanical Studies

Part of the bone graft taken will be from the iliac crest will be used for the biomechanical
experiments. Compression test will be performed to bone specimen of the same patients from
whom specimens were removed for the trace element studies. Biomechanical experiments will be
performed by a Lloyd LS 500 mechanical testing device.

7.5 Immunocytochemical Studies

The periosteum overlying the iliac crest will be removed for the immunocytochemical studies. A
sharp blade will be used to clean periosteum from attached muscles to prevent deterioration of the
periosteum. The tissue will be transferred in to saline solution and will be washed for 30 minutes.
Neuromediators that most probably control the bone turnover will be evaluated at the periosteum
and the bone. Same specimens used for the trace element and the biomechanical studies will be
used. Mainly 4 Neuromediators, calcitonin gene related peptide(CGRP), neuropeptid Y(NPY),
substance P (SP) and vasoactive intestinal peptide (VIP) will be assessed by immunocytochemical
methods.

Biomechanica! and Immunocytochemical studies will be performed following the trace element
studies.
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