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S u m m a r y .  F i f t een  years  a f te r  the i r  fo rea rm b o n e  minera l  
c o n t e n t  was  measu red ,  366 w o m e n  were  m e a s u r e d  again 
wi th  the  same single p h o t o n  t echn ique .  96 of  the  w o m e n  had  
sus ta ined  one  or  more  fragili ty f rac tu res  dur ing tha t  per iod.  
The  initial  bone  minera l  c o n t e n t  was  less in those  w o m e n  
w h o  were  to h a v e  f rac tures .  T he  ra te  of  loss o v e r  the  years  
did  not  differ  b e t w e e n  f rac tu re  and  non- f rac tu re  w o m e n - -  
the  init ial  b o n e  mass  was  the  b e t t e r  predic tor .  Peak  b o n e  
mass  in the  w o m e n  in this  s tudy  occu r r ed  before  the  age 
o f  40. 

In a p rospec t ive  s tudy  [1] we m e a s u r e d  fo rea rm bone  min-  
e ra l  c o n t e n t  (BMC)  us ing  s ingle  p h o t o n  a b s o r p t i o m e t r y  
(SPA).  B M C  pred ic ted  fu ture  fragili ty f rac tures  bu t  only  in 
w o m e n  be low the  age of  70. Also ,  a h i s tory  of  a p rev ious  
fragil i ty f rac tu re  [2] and  a shor t  fert i le per iod  were  of  pre-  
d ic t ive  value.  In w o m e n  o v e r  70 it was  not  poss ib le  to differ  
b e t w e e n  those  w h o  were  to h a v e  f r ac tu re s  and  those  w h o  
were  not .  Ins t ead ,  d i f fe rences  in func t ion  var iables ,  weight ,  
and  hand  grip s t r eng th  b e c a m e  impor tan t .  

The  ob jec t ive  of  the  p r e s en t  s tudy  was to learn  w h e t h e r  
an  init ially low b o n e  mass  or  the  s u b s e q u e n t  bone  loss is the  
mos t  impor t an t  p r ed i c to r  of  fu ture  fragili ty f rac tures .  

Material and Methods 

From 1970 to 1976, 1,076 women had their forearm BMC measured 
using SPA according to the method of Nauclrr  et al. [3]. This 
method employs a 241Am radiation source. Transverse scans of the 
radius and ulna were taken of both arms at a distance of 1 cm (BMC 
1) and 6 cm (BMC 6) from the tip of the styloid process of the ulna. 
BMC was expressed as mg/cm z. 

From the National Population Records 1987 it was possible to 
find all women in the cohort still living in the city (n = 519). Except 
for 70 women with only a non-fragility fracture, they were all invited 
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to have a repeat BMC measurement. Three hundred and sixty-six 
women responded (82%). The same equipment and technique were 
used as in the first BMC measurement. This technique was used 
continuously over the years and checked against the same standard. 
Also, several prospective studies have been going on. 

All fractures that had occurred after the initial measurement, 
i.e., from 1975-1987, were recorded. This was possible because all 
emergency roentgenogram examinations in Malm6 are undertaken 
in the Department of Diagnostic Radiology at the Malm6 General 
Hospital. There is only one Department of Orthopedics in the city. 
All reports are being kept on file for each patient. Fractures of the 
vertebrae (presenting symptoms), the proximal ends of the humerus 
and femur, the distal end of the forearm, the ramii of the pelvis, and 
tibia condyle compression fractures were classified as fragility frac- 
tures. The cohort was separated into age groups (age at initial mea- 
surement): 20-29 (n = 12), 30-39 (n = 31), 40--49 (n = 60), 50-59 (n 
= 112), 60--69 (n = 124), and above 70 (n = 27). The latter group 
was small due to death or senility. 

The initial BMC for all individuals in the age groups 40--49, 50- 
59, 60-69 was stratified into quartiles (only three groups in age 
groups 40-49) for studying the rate of loss at different BMC levels. 
The rate of loss was also divided into quartiles. Risk ratio was cal- 
culated by dividing the number of fractures per 1,000 women years 
in the lowest quartile of rate of loss with the number in the highest. 
In addition, a logistic regression analysis and analysis of covari- 
ance were performed. 

Results 

The  t ime  in terval  b e t w e e n  the  first  and  the  second  measure -  
m e n t s  was  14.6 years  (-+2.2). One  h u n d r e d  w o m e n  in the  age 
group  40-69 years  sus ta ined  one  or  more  fragili ty f rac tures  
dur ing the  obse rva t ion  per iod  f rom 1975 to 1987. It  was  not  
poss ib le  to measu re  B M C  in 1987 in 4 o f  these  w o m e n  wi th  
ve r t eb ra l  f rac tures  in age group  60-69.  Nine ty-s ix  w o m e n  
had  not  had  any f rac tu re  dur ing the i r  adul t  l ives. The  m e a n  
age wi th in  the  age g roups  at  init ial  m e a s u r e m e n t  did not  
differ  b e t w e e n  w o m e n  wi th  and  those  w i thou t  f racture .  As  
the  ve r t eb ra l  f rac tu res  a re  c o m m o n l y  used  to define osteo-  
poros i s ,  these  f rac tu res  were  ca lcu la ted  separa te ly .  

The  initial B M C  was  less,  regard less  of  age group,  in 
those  w o m e n  who  were  to have  a fragil i ty f rac tu re  during the  
o b s e r v a t i o n  per iod  (Table  l) and  the  d i f fe rence  remained ,  

Table l.  Deviation of initial BMC-value (prior to the fracture) from the non-fractured group (means) 

40--49 50-59 60-69 
Age at 
initial BMC No. BMC 1 BMC 6 No. BMC 1 BMC 6 No. BMC 1 BMC 6 

Vertebral fracture 5 - 19% - 6 %  17 - 2 1 %  b - 18% c 31 - 8 %  - 12% 
Other fragility fractures 12 - 15% - 4 %  20 - 18% b - 7 %  15 - 3 %  - 10%" 
All fragility fractures 17 - 16%" - 4 %  37 - 20% c - 13% c 46 - 6% - 11% b 

a p < 0.05, bp < 0.01, cp < 0.00l 
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BMC 1 

40-49 50-59 60--69 
Age at 
initial BMC BMC 1 BMC 6 BMC 1 BMC 6 

Age at time of remeasurement in parentheses 

BMC 6 

Vertebral fracture (58) - 6% - 10% (69) - 2 0 %  b - 18% c (79) + 5% - 9% 
Other fragility fractures (61) - 9% - 8% (70) + 2% - 11%a (78) - 5% - 14% a 
All fragility fractures - 8% - 8% - 8% - 14% c + 2% - 11% a 
Non-fracture (62) (69) (78) 

BMC 
/BMC 6 

0,7 

0,6 

0,5 

0,4 

Women 

~. r Non-fracture group 

0 0 Fragility fracture 1 9 7 5 - 1 9 8 7  
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Table 2. Deviation of second BMC value (after the fracture) from the non-fractured group (means) 

-•l, , , , Age 
40 50 60 70 80 90 

Fig. 1. Changes in BMC I/BMC 6 ratios 
over a 15-year period for the age groups 
(age at initial BMC measurement) 40--49, 
50-59, 60-69 and, only for the fracture 
group, >70 years. Means - SEM. 

Table 3. Bone loss (mg/cm2)/year 

41)--49 50-59 60-69 
Age at 
initial BMC BMC 1 BMC 6 BMC 1 BMC 6 BMC 1 BMC 6 

No fracture - 4 . 9 ( - 1 . 4 )  - 6 . 3 ( - 1 . 2 )  - 4 . 8 ( - 1 . 5 )  - 5 . 7 ( - 1 . 1 )  - 2 . 7 ( - 1 . 0 )  - 4 . 3 ( - 0 . 9 )  
Vertebral fracture -2 .2  ( -0 .2 )  - 8 .8  ( -  1.5) - 3 . 7  ( -  1.1) - 3 . 8  ( -0 .7 )  - 0 . 2  ( -0 .4 )  - 3 . 4  ( -0 .9 )  
Other fragility fractures - 3 . 3 ( - 0 . 9 )  - 7 . 6 ( - 1 . 3 )  - 0 . 3 ( - 0 . 1 )  - 6 . 1 ( - 1 . 1 )  - 3 . 1 ( - 1 . 1 )  - 5 . 0 ( - 1 . 2 )  

Rate of loss %/year in brackets 

bu t  was  less at  t he  s e c o n d  m e a s u r e m e n t  in 1987 (Table  2). 
M e a s u r e m e n t  of  t r a b e c u l a r  b o n e  mass  (BMC 1) a p p e a r e d  to 
be  an  ear l ier  p r ed i c to r  t h a n  cor t ical  b o n e  (BMC 6). We  cal- 
cu la ted  the  ra t io  B M C  I / B M C  6 - - a n  " o s t e o p o r o t i c  i n d e x "  
on  an  individual  b a s i s - - a n d  the  ra t io  inc reased  b e t w e e n  the  
two  m e a s u r e m e n t s  in the  f rac tu re  g roup  bu t  dec rea sed  in the  
non f r ac tu re  g roup  (Fig. 1). 

The  ra te  of  loss,  did no t  cor re la te  wi th  f rac tu re  risk.  It  
dec l ined  wi th  age, wh ich  was  e v e n  more  obv ious  in abso lu te  
va lues  (mg/cm2/year)  (Table  3). The  non - f r ac tu re  group ap- 
p e a r e d  to be  the  fas tes t  losers  in middle-age  at  the  t r abecu la r  
site ( B M C  1). In an  analys is  o f  ra te  o f  loss  us ing  analys is  o f  
cova r i ance ,  the re  was  no  s ignif icant  d i f fe rence  in the  s lope 
b e t w e e n  the  f rac tu re  and  the  non- f r ac tu re  g roup  at  b o t h  mea-  
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T a b l e  4. Non-fracture group 

Rate of loss 
(%/year) 

Age at 
initial BMC No. BMC 1 BMC 6 

20-29 10 + 0.7 - 0.1 
30-39 26 - 0.2 - 0.4 
40-49 28 - 1.42 - 1.11 
50-59 35 - 1.46 - 1.05 
60--69 33 - 1.02 - 0.92 

sur ing sites. The  ra te  of  loss  in the  non- f rac tu re  popu la t ion  
20-70 years  is p r e s e n t e d  in Table  4 and  it is a p p a r e n t  tha t  
peak  b o n e  mass  is a t t a ined  before  the  age of  40. 

In Tab le  5 the  init ial  B M C  values  h a v e  b e e n  d iv ided in to  
quar t i les  (in age g roup  40-49 only  th ree  groups)  and  com- 
pa red  wi th  the  ra te  o f  loss in pe rcen t .  Also ,  pa t i en t s  wi th  a 
fragili ty f rac tu re  be fo re  the  initial B M C  m e a s u r e m e n t  were  
inc luded ,  so tha t  the  f rac ture  g roup  now  inc luded  196. The  
ra te  of  loss was  co r re l a t ed  wi th  the  init ial  B MC value ,  so t ha t  
a h igh initial  B M C  was  as soc ia ted  wi th  a high ra te  of  loss.  
H o w e v e r ,  those  indiv iduals  wi th  f rac tu re  in the  quar t i le  wi th  
the  h ighes t  B M C  6 w h o  were  50--69 years  old had  a signifi- 
can t ly  h ighe r  ra te  o f  loss  t han  t he i r  c o r r e s p o n d i n g  non-  
f rac tu re  g roup  (Table  5). The  o u t c o m e  was  the  same w h e n  
s tudying  on ly  those  who  sus ta ined  f rac tu res  dur ing  the  ob- 
se rva t ion  per iod.  

The  pa t i en t s  were  sepa ra ted  in to  quar t i les  accord ing  to 
ra te  of  loss.  In the  f rac tu re  group,  at  b o t h  sites,  the re  was  a 
pos i t ive  co r re l a t ion  b e t w e e n  ra te  of  loss and  initial  B M C  
value.  This  was  also the  case  for  the  g roup  wi th  f rac tu res  
dur ing  the  o b s e r v a t i o n  period.  H o w e v e r ,  th is  was  not  a con-  
s i s tent  f inding in the  non- f rac tu re  group.  Signif icant  differ- 
ences  b e t w e e n  the  two groups  wi th  regard  to B M C  levels  
were  pr imar i ly  seen  in the  lower  quar t i les ,  wi th  lower  init ial  
B M C  for  the  f rac tu re  group.  Wi th in  the  quar t i les ,  t he re  was  

no  d i f ference  for  the  var ious  age groups  wi th  regard  to the  
d is t r ibut ion  of  different  f rac tures .  

The  n u m b e r  of  f r ac tu res  pe r  1,000 w o m e n  years  in the  
var ious  quar t i les  of  ra te  of  loss  are p r e s e n t e d  in Figure  2. 
The  r isk ra t io  for  sus ta in ing  a fragility f ra tu re  was abou t  
doubled  in age group  40--49 in the  g roup  wi th  the  lowes t  as 
c o m p a r e d  wi th  the  h ighes t  ra te  of  loss of  B M C  1 and  near ly  
doub led  in age g roups  50-59 and  60-69;  at  the  B M C  6 site, 
this  was  not  seen.  

Logis t ic  r eg ress ion  ana lys i s  was  used  to a s sess  the  rela- 
t ive r isk of  a fragili ty f r ac tu re  for  a 1 SD r educ t i on  of  BMC.  
The  re la t ive  r isk for  the  init ial  B M C  m e a s u r e m e n t  was  2.6 
for  B M C  1, 3.2 for  B M C  6, whe rea s  the  re la t ive  r isk for  
B M C  af ter  the  f rac tu re  ( s econd  B M C  m e a s u r e m e n t )  was  1.4 
and  2.6, respec t ive ly .  C o n s e q u e n t l y ,  the  init ial  BMC mea-  
su remen t  has  the  s t ronger  p red ic t ive  value.  W h e n  we in- 
c luded ra te  of  loss in the  mode l ,  no  change  for  B M C  was 
obse rved .  

D i s c u s s i o n  

The re la t ionsh ip  b e t w e e n  B M C  and f rac tu re  r isk is recog- 
n ized  w h e r e a s  the  u s e f u l n e s s  of  B M C  fo r  f r ac tu r e  r i sk  
screening  is no t  all tha t  c lea r  [4]. H o w e v e r ,  Ross  et  al. [5] 
recen t ly  r ev i ewed  the  use fu lness  of  var ious  bone  minera l  
t echn iques  and  found  tha t  mos t  s tudies  were  able  to show an  
assoc ia t ion  b e t w e e n  r educed  b o n e  mass  and  inc reased  frac- 
ture  risk.  The  magn i tude  of  the  re la t ionsh ip  var ied  less in 
p ro spec t i ve  s tud ies  now be ing  ca r r ied  out ,  c o m p a r e d  to 
c ross - sec t iona l  s tudies .  Severa l  s tudies  h a v e  d e m o n s t r a t e d  
the  rel iabil i ty of  SPA in m e a s u r e m e n t s  of  b o n e  mass  [6--12]. 
Hui  et  al. [13] found  tha t  an  initial SPA m e a s u r e m e n t  is 
predic t ive  of  fu ture  f rac tures .  The  same au tho r s  found,  in a 
6.5 yea r  p rospec t ive  s tudy  us ing  SPA, tha t  aging is a be t t e r  
p red ic to r  of  hip f rac tu re  t han  dec reas ing  fo r ea rm  bone  mass  
[14]. Vogel  et  al. [12] also s h o w e d  a good p red ic t ive  value  for  
a BMC m e a s u r e m e n t .  W e  have  d e m o n s t r a t e d  the  predic t ive  
value of  b o n e  mass  m e a s u r e m e n t s  of  the  dis ta l  end  of  the  

T a b l e  5. Rate of loss (%/year) 

No fracture Fragility fracture 
Initial 
BMC No. BMC 1 No. BMC 6 No. BMC 1 No. BMC 6 

a b a b 

40--49 

50-59 

60--69 

50--69 

I 6 - 1.08 6 -0 .72  13 +0.01 ( -0 .07)  13 -0 .98  ( -  1.09) 
II  11 - 1.45 13 - 1 . 27  9 - 1.19 ( -  1.23) 7 - 1.21 ( -  1.33) 
III 12 -1 .56  10 -1 .15  7 - 1 . 9 8 ( - 2 . 1 0 )  10 - 1 . 8  ( -1 .71)  

I 2 -0 .23 5 - 1.22 26 0.4 (+0.17) 23 -0 .49  ( -0 .28)  
II 6 0.20 5 -0 .93  21 -0 .36  ( -0 .30)  21 - 1.09 ( -  1.29) 
III 18 - 1.8 10 1.07 9 -0 .88  ( -0 .63)  18 - 1.5 ( -  1.57) 
IV 9 -2.21 15 - 1.05 18 -2.31 ( -2 .28)  14 - 1.45 ( -  1.36) 

I 5 -0 .79  3 0.74 26 1.44 (+2.02) 27 - 0 . 6  ( -0 .72)  
II 8 - 1.17 9 0.95 21 -0.41 ( -0 .69)  21 - 1.20 ( -  1.36) 
III 10 - 0.57 11 - 1.26 19 0.22 ( - 0.87) 20 - 0.86 ( -  0.93) 
IV 10 - 1.5 10 - 1.02 20 - 2.00 ( - 1.65) 19 - 1.64 ( -  1.75) 

! 8 -0.91 8 -0 .27  53 1.03 (+  1.0) 50 -0 .57  ( -0 .44)  
II 15 -0 .39  13 - 1.15 40 -0 .44  ( -0 .21)  44 - 1.05 ( -  1.10) 
III 22 - 1.32 21 - 1.23 32 -0 .47 (0.98) 37 - 1.21 ( -  1.41) 
IV 23 - 1.86 26 -0 .94  35 -2 .14  ( -  1.86) 32 - 1.6"* ( -  1.63"* 

Initial BMC value has been divided in quartiles (I = lowest BMC) except for age groups 41)-49 
a = fragility fractures before and/or after first BMC measurement 
b = fragility fractures after first BMC measurement 
** P < 0.01 
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Frac tures /1000  
women years 

100  

9 0  

8 0 ,  

7 0  

6O 

5 0  

40  

3 0  

2 0  

1 0  

4 0 - 4 9  years  

0 - - - 4  5 0 - 5 9  y e a r s  

6 0 - 6 9  years 

Q,\ \  /I////~ 

~1 �9 ..... % rate 

-3  "2  -'1 0 +'1 +'2 +3 o f  loss 

Fig. 2. Fragility fractures per 1,000 women years for quartiles of 
rates of loss, in age groups 40--49, 50-59, and 60-69 years. Mean 
values are used to label the quartiles. Negative percent means a loss. 

forearm using SPA [1]. In that study, measurements of both 
trabecular and cortical bone were predictive but only before 
the age of 70. In a stepwise logistic regression analysis, the 
BMC 6 appeared to be a stronger predictor of future fragility 
fractures than BMC 1. This was surprising because post- 
menopausal osteoporosis is considered to be mainly a loss of 
trabecular bone. One reason may be that trabecular bone 
loss levels off in the seventh decade whereas cortical loss is 
continuous, and that the cortices contain more bone mass. 

Prevention of fragility fractures is possible today but only 
at a cost-- in  risks--that requires selection. In a longitudinal 
study, Davis et al. [15] found that the rate of bone loss in the 
distal end of the radius decreased with age. The relationship 
between BMC/rate of loss in our study supports the view of 
Stevenson et al. [16], Nordin et al. [17], Genant et al. [18], 
and Schaadt and Bohr [19] that the rate of loss is positively 
correlated with bone mass, i.e., the greater the bone mass 
the greater the loss. 

This is the first study of these variables which also in- 
cludes the fracture risk. Our conclusion is that bone mass 
predicts fracture better than the rate of bone loss. However, 
we did identify a small subset of fast losers, age 50--69, in the 
fracture group in the highest quartile of BMC 6. The infor- 
mation obtained regarding rate of loss might have been bi- 
ased by the fact that fracture occurred before the second 
measurement. The event of fracture causes disability and 
possibly alters behavior in ways that alter rates of bone loss. 
Post-fracture bone loss have been reported to persist for 
years [20]. This could mean that the " t rue"  rate of loss prior 
to fracture in our fracture group should be less. Hui et al. 
[21] have demonstrated that those who are fast losers after 
menopause do not continue to be so later in life. The same 
authors also calculated the relative risk for fracture with a 
bone mass 1 SD below the mean [13]. For the younger sub- 
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jects, relative risk was found to be 2.2; their measuring site 
corresponds with our BMC 6. Our relative risk was higher, 
i.e., 3.2. 

In certain groups the rate of loss, established by repeated 
measurements, may have a predictive value in describing the 
bone metabolic state in individual subjects--possibly also 
predicting fractures. The best fracture predictive variable 
beside age, sex, and menopausal age, is the bone mineral 
content. 

In this longitudinal study, it was possible to verify that 
peak bone value in women occurs before the age of 40. 
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