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1. INTRODUCTION

In Europe, there are great geographic variations in rates of osteoporotic fracture. The
MEDOS study, a case-control study of hip fracture in southern Europe, demonstrated rates
that in some age groups varied geographically by more than an order of magnitude.'
Additionally the prevalences of vertebral deforinities vary over a 3-fold range in both sexeS.2
The incidence of hip fracture has also been shown to vary between another populations with
apparently lower rates in Hong Kong and South Africa in Europe and North America. The
greatest projected increases in hip fracture incidence will occur in China and South East Asia.

It seems likely that the spread of fracture risk can at least be accounted for partly by
differences in bone density. Bone density in later life is dependent on the maximum bone
mass ("peak" bone mass) attained in early adulthood and the subsequent rate of loss. The
purpose of this study was to determine whether early adult BMD varied between populations
and to explore environmental and nutritional contributions to any detennined differences.

2. MATERIALS AND METHODS

3.1. Populations

13 centres in I I countries took part in the study. The study protocol expressed a target of
enrolling 350 subjects at each center with each sample stratified equally by sex and age into
six 5-year age bands 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49). Selection of
participants varied between centers with most using local university/hospital staff and friends
or relatives of hospital attendees (Table 1). Only a small number of centers had access to
local population-based registers to select a population-based random sample.

3.2. DXA and cross-calibration

The densitometers in each center were cross-calibrated using the ESP. Previous studies have

shown that the L2-L4 region of the spine as well as the femoral neck and trochanter could be

satisfactorily cross-calibrated for Hologic and Lunar machines. The ESP is a
semianthropomorphic phantom with three "vertebrae" of specified densities: 0.5 g/CM2 I

' Elffors, I., Allander, E., Kanis, J.A., et aL, The variable incidence of hip fracture in southern Europe: the
MEDOS Study, Osteoporosis Int 4 1994) 253-263.
2O'Neill, T.W., Felsenberg, D. Varlow, J., et aL, The prevalence of vertebral deformity in European men and
women. The European Vertebral Osteoporosis Study, J Bone Miner Res 11 1996) 1010-1017.
O"Neill, T.W., Varlow, J., Felsenberg, D., el al., Variation height ratios in population studies, J Bone Miner Res
9 1994) 1895-1907.
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g/cm' and 1. 5 g/cm' (QEM Germany) . The measurement of the phantom was carried out as
specified in a protocol which was circulated with the phantom. Briefly, this required that the
ESP be scanned IO times without repositioning and taking care to exclude air from the area
included in each scan.

At each center, the relationship between the actual densities of the vertebrae and the observed
densities were examined using an exponential model'

Observed density a x I l-exp, (-P x Specified density)i

where

a = the asymptote and a is the slope when the specified density is small. The values of a
and for each of the machines are shown in Table 2.

The standardized BMD (sBMD) for each center can then be obtained by the following
equation: sBMD = x In(a)- x In( - Observed density)

where = l and In is the natural logarithm.

3.3. DXA Quality Control

Each center performed densitometry and densitometric analyses according to the
manufacturer's instructions. Day-to-day quality control was managed by each individual
center, which ensured machine stability by performing calibrations with their machine-
specific phantoms daily or every other day. Patient positioning was carried out using the
instructions and accessories of the manufacturers.

3.4. Statistics

The dependent variables investigated were the means and variances of the standardized bone
densities for the femoral neck (sfnBMD) and the lumbar spine (L2-L4, sIsBMD). Only data
for sftiBMD is presented in this report. The aims were: (i) to see how these varied with age,
height, weight and center; (ii) to test for significant differences between centers; (iii) to test
whether the center effects persisted following adjustment for differences in age, height and
weight between the centers.

ANOVA was used to test for differences between centers in crude means for age, height,
weight and BMI, for each sex separately. A similar analysis was carried out on standardized
BMD with unpaired T-tests used to further explore between centre differences. A small
number of outliers (usually data input errors) for each variable were identified using Box and
Whisker plots and were excluded from analysis.

To investigate the interactions of age, height, weight and bone density, a logistic regression
model was established with all relevant variables including siBMD and measurement centre.
The analysis was conducted for men and women separately. Briefly this determined the

' Kalender, W.A., Felsenberg, D., Genant H.K., Fischer, M., Dequeker, J., Reeve, J., The European Spine
Phantom: A tool for standardizaiton and quality control in spinal bone mineral measurements by DXA and
QCT, Eur J Radiol 20 1995) 83-92.
' Pearson, J., Dequeker, J. Reeve, J., et al., Dual X-ray absorptiometry of the proximal femur: Normal European
values standardized with the European Spine Phantom, J Bone Miner Res 10 1995) 315-324.
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likelihood of an individual having a bone density that lay in the lowest tertile of the whole
study population.

4. RESULTS

The numbers of men and women recruited to at each centre are shown in Table 3.

4.1. Anthromorphometric variables

Surprising, there were small but statistically significant differences in mean ages between the
study centers reflecting local difficulties in recruiting successfully across the ftill age range
specified in the protocol (Figure 1). There were significant between centre differences in
height and weight with the lowest values for each observed at the South East Asian centers
(Figs. 2 and 3 At all centers, sfnBMD showed small, occasionally significant correlations
with height and weight. Weight showed a consistent trend to increase with age in all centers
in both men and women.

4.2. Effect of machine brand

After cross-calibration there were still differences in mean bone density between
densitometers of different brands at the femoral neck in both sexes. One centre (Ankara) had
access to both Lunar and Hologic equipment. The range of measured values of femoral neck
BMD values, before and after cross-calibration, are shown in Figure 4 There was no
significant difference following adjustment.

4.3.Mean bone density values

There were highly significant differences between centers in mean bone density (Figure 5).
The highest values were observed at the Russian centers and the lowest at Shanghai. The
difference in mean bone density between the highest and the lowest centers was about I
population SD. Adjusting for age, height and weight had very little impact on these
differences.

4.4.Effect of age

For both men and women, there were very weak, occasionally significant, negative
correlations with age over the range studied (Table 4 Femoral neck BMD appears constant
between the age of 25-45 years, but this will require confirmation by further statistical
analysis.

5. CONCLUSION

• The data analysed to-date demonstrate a highly significant difference in young adult
bone mass across the centers.

• These differences are only partly attributable to differences in height and weight.

• By and large, low femoral neck BMD is accompanied by low spinal BMD.

• Femoral neck BMD appears constant between the age of 25-45 years, but this will
require confirmation by further statistical analysis.

• The impact of family history, environmental factors and nutrition will be explored in
subsequent analyses.
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Center Method of Recruitment

Turkey Staff and University students and relatives

Moscow Relatives of trauma patients

Obninsk Random selection of hospital staff

Canada Citizens via newspaper advertisements and hospital/university bulletin boards

Cue Employees of a public hospital and private chnic plus school subjects

Beijing Random selection of hospital and related social organizations (only northerners)

Philippines Relatives and friends of pdtients attending both private and public hospitals

Shanghai Mainly students and employees of the hospital and who have lived in Shanghai
for more than IO years

Singapore University and hospital staff, small amount of Out patients and family and
friends

Croatia 1/3 by random selection from demographic lists plus patients attending clinic
with no risk factors

Hungary Citizens via local media and random selection via GP registers

Brazil Relatives of hospital patients

South Affica 50% Healthy visitors, 25% Hospital/University bulletin boards and 25%
Newspaper advertisements

Table 

Methods of recruitment at each study centre
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Women Men Total

N N N

Turkey 220 120 340

Moscow 145 150 295

Obninsk 70 67 137

Canada 134 45 179

Chile 199 106 305

Beijing 428 365 793

Philippines 153 88 241

Shanghai 171 173 344

Singapore 255 120 375

Brazil 252 227 479

Total 2027 1461 3488

Table 2

Numbers of women and men recruited at each study centre.
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Hologic Lunar

Alpha Beta Alpha Beta

Turkey 5.25 0.21 Philippines 4.05 0.32

Chile 8.11 0.12 Beijing 8.58 0.13

Canada 5.41 0.19 Singapore 4.08 0.32

Shanghai 3.64 0.32 Obninsk 4.51 0.29

Moscow 3.93 0.33

Turkey 6.32 0.19

Table 3

Parameters derived for cross-calibration of the centre data to standardise the BNO measurements

Women Men

R Slope P R Slope P

Turkey 0.094 -0.001 0.17 0.155 -0.002 0.1

Moscow 0.13 -0.002 0.12 0.225 -0.003 0.006

Obninsk 0.135 -0.002 0.27 0.223 -0.003 0.07

Canada 0.292 -0.004 0.001 0.258 -0.005 0.09

Chile 0.158 -0.002 0.027 0.186 -0.003 0.07

Beijing 0.068 -0.0007 0.17 0.407 -0.006 <0.001

Phillipines 0.031 -0.0004 0.7 0.125 -0.002 0.31

Shanghai 0.041 -0.0005 0.6 0.454 -0.006 <.0.001

Singapore 0.015 -0.0002 1 0.81 0.315 1 -0.00

Table 4

Regression coefficients, slopes and significance for regression of standardised femoral neck BMD on age by

sex and centre.
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Figure 

Mean /- SD) ages for men and women recruited at the study centres with data provided for central evaluation.
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Figure 2

Mean /- SD) weights for men and women recruited at the study centres with data provided for central evaluation.
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Figure 3

Mean (+/- SD) heights for men and women recruited at the study centres with data provided for central evaluation.
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Box and whisker plot of femoral neck BMD measured in Ankara on Lunar and Hologic equipment. Adjustment by paranicters dcrivcd from thc ESP calibration removes the

differences between the two makes of machine.
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Figure 5

Mean (+/- SD) standardised femoral neck BMD (sfnBMD) for men and women recruited at the study centres with data provided for central evaluation.
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Appendix 4

COUNTRIES SUMMARY REPORT

COMPARATIVE INTERNATIONAL STUDIES OF OSTEOPOROSIS USING ISOTOPE TECHNIQUES

NUMBER OF SAMPLES
COUNTRY TYPE OF SAMPLES & MAIN RESULTS REMARKS

MALE FEMALE TECHNIQUES

BRAZIL 250 425 - LI-L4, Hip The questionnaire did not disclose any WHO questionnaire
(tronch.neck, inter- major factor that could increase the risk Lifestyle, nutrition, physics.
trochon.,ward's of osteoporosis in the groups studied
triangle BMD measurements had a smaller

- Hologic 4500 A variation in the spine than in other
(DEXA) regions

Peak BMD was in the 31-35 age group

CANADA 48 149 - Lumbar spine & Peak bone mass reached at 32 years for Lifestyle, nutrition, and physical
Femoral neck females, and around 42 years for males. data missing

- DEXA

CHILE 106 209 - LI-1,4; Hips (femoral The highest value for BMD in women Progress report
neck & trochanter) 21-25 years -Anthropometrical measures.

- Hologic QDR I 00 Correlations are between: Nutrition Lifestyle data are
BMD & weight for LS+FN missing
BMD & height for LS
BMD & age for FN

CHINA 175 175 - LI -L4, femoral neck Female & male Peak bone LS =31-35 Modified WHO questionnaire
(neck, troch, inter, years (nutrition, physical activity,

Shanghai total Wrd's ) Female density declines after 45 years lifestyle)
- QDR-2000 DEXA Trace elements are assessed for

CN Iliac CrestU.)



CIS NUMBER OF SAMPLES
COUNTRY TYPE OF SAMPLES & MAIN RESULTS REMARKS

MALE FEMALE TECHNIQUES

CHINA 372 435 - L2, L3, L4 and L2-L4, Multivariate analysis. WHO questionnaire (nutrition,
hip, AP spine, neck, PBM at Lumbar and proximal femur lifestyle, physics)

Northern Ward's, Troch., FAL, were at 20-24 years in male and at 25-29 Trace elements for Iliac Crest,
China HAL in female.

- Lunar DPX-L

CROATIA 171 158 (children - L2-L4, left fem. neck I -Significant difference in estimated Study on bone stiffness in children

(Children years) - Lunar DPX BMD between prepubertal children and & adolescents and BMD in adults

years) 187(adolescents adolescents. Food freq. Questionnaire.

135 16 Years) 2-Tendancy of BMD fall after the age of Anthropornetrical measures.

(adolescents 246 women meopause in Women. Fat tissue assessment

15 years) 3-PBMin both sexes obtained in mild 20s WHO questionnaire not mentioned

246 men years of age.

PHILIPPINES 70 158 - Lumbar spine, I.The peak bone mass density at the L2- WHO questionnaire

femoral neck and L4 spine level among Filipinos is slightly Nutrition intake assessment
Ward's lower than the Caucasians. Biochemical analysis

2. Females had peak BMD (spine)= 35- Anthropometrical measures

- Dual energy X-ray 39 years.

absorbometry Males had peak BMD (spine) =30-34

years,
3 A decline in bone masse density is

observed more in female than in males.

4. Calcium intake and weight was

significantly correlated in the lumbar

spine.
5. Fat intake was correlated with Lumbar

spine. Carbohydrate with femoral neck 

trochanter

6. Height and sex were correlated with

both femoral neck and Ward's.

7. BMI, height and sex were significant

factors for the trochanter area.



COUNTRY NUMBER OF SAMPLES TYPE OF SAMPLES & MAIN RESULTS REMARKS

MALE FEMALE TECHNIQUES

RUSSIA 233 233 - S (L2-1-4), femoral 1. PBM for females =25-35 years and for WHO questionnaire (Lifestyle,
neck (R-L) males = 25-29 nutrition, physics)

- DEXA 2.The BMD dependency on body mass is Trace elements analysis in 414
mostly clear. samples (iliac crest, femoral neck
3.Higher values of the femoral neck & rib)
BMD are statistically reliable for tall
women
4.Heavy physical load at the working
place promotes higher values of BMD

SINGAPORE 240 520 LI-L4, left hip, Females have a shorter hip axis WHO questionnaire
femoral neck, Ward's /American white women Medical history
triangle, greater Males had significantly higher BMD of Racial difference: Chinese,
trochanter hip and longer hip axis length than Malays, Indians.

females Lifestyle factors, exercise,
Lunar DPX-L Femoral neck BMD higher in males too medication

No significant difference on lumbar spine
BMD

Males had peak BMD 20-29 years
Females had peak BMD 35-40 years

Racial differences: Chinese females had
lower BMD in all regions of the hip

SOUTH 264 2236 - LI, L2, L3, L4, hip, Ethnical data, daily nutrients
AFRICA left troch.,femoral intake data

neck, triangle Ward's
- Hologic model I 00
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NUMBER OF SAMPLES
COUNTRY TYPE OF SAMPLES & MAIN RESULTS REMARKS

MALE FEMALE TECHNIQUES

TURKEY 202 320 L2-L4, hip (total, There is no significance variation of the WHO questionnaire
femoral neck, concentration of trace elements between Lifestyle, nutrition, physics.
trochanter, male and female subjects Trace element studies: 21 iliac
intertrochont, ward crest, 12 cortical, 9 trabecular
triangle BMD results not discussed
Type of bone samples
collected: 21 iliac
crest bone samples

DEXA, Hologic
QDR-2000, QDR-
4500


