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Introduction Treatment of osteoporosis is becoming
more effective, but methods to identify patients who are
most suitable for investigation and treatment are still
being debated. Should any type of fracture have higher
priority for investigation of osteoporosis than any other?
Is the number of previous fractures useful information?
Material and methods We investigated 303 consecu-
tive women patients between 55 and 75 years of age
who had a newly diagnosed low-energy fracture. They
answered a questionnaire on previous fractures which
also dealt with risk factors. Bone mineral density (BMD)
was measured at the hip, lumbar spine, and forearm.
Results The distribution of fracture location was:
distal forearm 56 %, proximal humerus 12%, vertebra
18%, and hip 13%, all with similar age. Half of the sub-
jects had had at least one previous fracture before the
index fracture, 19% had had two previous fractures, and
6% had had three or more previous fractures. Patients
with vertebral or hip fracture had lower BMD and had
had more previous fractures than patients with forearm
or humerus fractures. There was an inverse correlation
between number of fractures and BMD. Osteoporosis
was present in one-third of patients with forearm frac-
ture, in one-half of those with hip or humerus fracture,
and in two-thirds of those with vertebral fracture.
Interpretation Vertebral fractures were the strongest
marker of low BMD and forearm fractures the weakest.
The number of previous fractures is helpful informa-
tion for finding the most osteoporotic patient in terms
of severity. Investigation of osteoporosis therefore seems

warranted in every woman between the ages of 55 and
75 with a recent low-energy fracture, with highest prior-
ity being given to those with vertebral, hip, or multiple
fractures.

Methods of pharmacological treatment of osteo-
porosis are becoming more effective. The optimal
cost-benefit ratio is achieved when treatment is
directed to the group with the highest fracture risk
(Borgstrom et al. 2006). We therefore need valid
instruments to identify this group in clinical rou-
tine. There is a continuous non-linear relationship
between bone mineral density (BMD) and frac-
ture risk. Measurement of bone mineral density is
regarded as the single best predictor of fractures,
but who should have a bone scan? Currently, gen-
eral screening for osteoporosis by bone mineral
measurement is not recommended, but simple risk
markers should be used for selection of patients
for bone scan (Kanis 1994). One strategy recom-
mended by several recent expert committees is to
use the occurrence of a recent low energy fracture
in a postmenopausal woman as a major indication
for investigation of osteoporosis (Fogelman 1999).
Prior fragility fractures are strong determinants of
subsequent fractures, which suggests that post-
menopausal women presenting with a low-energy
fracture may be an important target for finding
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Figure 1. Flow chart of inclusions and dropouts.

early cases of osteoporosis (Karlsson et al. 1993,
Honkanen et al. 1997, Huopio et al. 2000, Khan
et al. 2001). This conclusion was confirmed in a
meta-analysis of 11 prospective studies (Kanis et
al. 2004), but several questions remain.

Is any type of fracture a stronger indication than
any other? What significance has the number of
previous fractures?

In an attempt to answer these questions, we
compared 303 postmenopausal women who had
sustained various types of recent low-energy frac-
ture with 209 healthy controls. We also studied the
predictive value (for osteoporosis) of numbers of
prevalent fractures and of body mass index.

Subjects and methods
Study group

600 consecutive women patients 55-75 years of
age who had recently sustained a low-energy frac-
ture (in this paper called the index fracture) in the
distal radius, proximal humerus, spine, or hip were
invited to take part in the study. They were identi-
fied by the radiographic register of investigations
at the Linkoping University Hospital, or by the
records at the emergency unit of Ryhov Hospital
in the counties of Ostergotland and Jonkoping,
Sweden. The inclusion period was January 1998
to February 2000. 303 women participated and
were examined mean 3 months (6—170 days) after
fracture diagnosis. For further details see Figure 1,
Table 1, and the paper by Hallberg et al. (2004).

Table 1. Basic characteristics of the total fracture (F) and
reference (R) groups

Variable Group2 N Mean SD pb
Age R 209 67.3 4.57

F 303 67.5 5.60 0.7
Height (cm) R 209 161 5.10

F 303 162 6.00 <0.01
Weight (kg) R 209 68.7 10.92

F 303 68.7 12.73 1
BMI R 209 26.6 4.11

F 303 26.1 4.20 0.1
HAL R 123 11.4 0.58

F 299 115 0.75 0.1
Z-spine R 198 -0.36 1.71

F 299 -0.24 1.33 <0.01
Z-total hip R 202 0.28 1.09

F 300 -0.29 0.97 <0.01
Z-Arm R 209 0.23 1.16

F 294 -0.08 1.29 <0.01

a8 F = fracture group; R reference group
b Significance between R and F groups

Reference (control) group

An age-matched reference population was
recruited from the general population register by
a random sampling procedure. Subjects with a his-
tory of any previous fracture were excluded from
the reference group. 209 women (5575 years old)
were included in the reference group (Lofman et
al. 1997) (Table 1).

Bone mineral density, anthropometry, and
questionnaire

BMD of the hip, lumbar spine, and forearm was
measured by dual-energy X-ray absorptiometry
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(DXA) (Hologic QDR 4500A; Hologic Inc., Bed-
ford, MA).

As a reference for BMD in the hip, we used the
Third National Health and Nutrition Examination
Survey (NHANES III) (Looker et al. 1998) and for
BMD in the spine, we used reference data published
by Favus (1993). The decision to use the machine-
specific databases was made to permit comparision
between studies. BMD in Swedish women was
compared to different machine-specific reference
values in two previous studies (Lofman et al. 1997,
2000). In general, the BMD values in Swedish
women were found to be somewhat lower in both
the hip and spine—with the exception of premeno-
pausal spine BMD, which were no different.

A patient was classified as being osteoporotic if
the T-score for the lumbar spine or the whole hip
(total hip) was below 2.5, and osteopenic if the
lowest of these values was between —1 and -2.5.
Definitions of osteoporosis and osteopenia at the
respective sites were made from site-specific cut-
off values for T-score according to the machine-spe-
cific reference databases. Body height and weight
were measured in indoor clothing without shoes,
and body mass index (BMI) was calculated. Spine
radiographs were performed at diagnosis in verte-
bral fracture patients, but not in the other patients.
Hence, the true prevalence of vertebral compres-
sions is unknown. A questionnaire that focused on
index fracture, previous fractures, diseases, drugs,
and other risk factors for osteoporosis and frac-
tures was answered by the patient before visiting
the osteoporosis units. Subjects who smoked on a
daily basis were classified as current smokers.

Statistics

Student’s t-test or analysis of variance (ANOVA)
when there were more than 2 groups was used
for comparison of mean values between groups.
Correlations were calculated with Pearson coef-
ficients. The null hypotheses were rejected at the
5% level (p < 0.05). In comparisons between mul-
tiple groups, the Bonferroni correction was applied
before significance was considered. The Medical
Products Agency of Sweden has recommended
pharmacological treatment to be considered if the
T-score is below —2.0 in fracture patients and below
—2.5 in non-fracture patients. We therefore studied
the outcome of these two different cut-off limits.

Odds ratios (ORs) and the respective confidence
intervals for risk of osteoporosis were calculated
from a 2 x 2 cross table for the different fracture
types in accordance with a case-control design.

Ethics

This study was approved by the Ethic Research
Committee of the Faculty of Health Sciences,
University of Linkoping, and it was performed in
accordance with the Declaration of Helsinki.

Results

Of the 303 fracture patients in the study group,
171 (56%) had a forearm fracture, 55 (18%) had
a vertebral fracture, 40 (13%) had a hip fracture,
and 37 (12%) had a fracture of the humerus. The
mean age of patients with fracture of the fore-
arm or humerus was 67 years and the mean age
of patients with vertebral or hip fractures were
69 years. Mean age was the same for the dropout
group (68) and the study group (68). There was,
however, a higher percentage of hip fractures in
the dropout group than in the study group: 19%
as opposed to 13%. The rate of vertebral fractures
was 22% in the dropout group and 18% in the
study group. The corresponding figures for fore-
arm fractures were 46% and 56%, and the figures
for humerus fractures were similar.

The fracture patients were slightly taller than
reference patients (difference +1.5 cm, p < 0.01),
but no difference was seen for weight, BMI or
hip axis length (HAL) (Table 1). The fracture
group had a significantly lower mean BMD in all
sites measured, compared to the reference group.
Almost half (148/303) of the fracture patients had
sustained at least one previous fracture and 57
(18%) had sustained at least two previous frac-
tures. Interestingly, 11 of 40 patients with a hip
fracture before the age of 75 years had sustained
two or more previous fractures, yet had not been
offered tests or treatment for osteoporosis. Since
only a few patients had been examined using radi-
ography of the spine, we know little about the true
prevalence of vertebral fractures or deformities. 79
of the fracture patients (26%) had suffered from
medical conditions or sequelae, which may have
influenced their bone mass. A past history of thy-
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Table 2. Diagnostic classification of fracture cases and non-fracture controls using two cut-off levels of the T-score

Fracture site

Non-fracture

Hip Forearm Humerus Vertebral Any fracture group
Diagnosis n % n % n % n % n % n %
Normal 2 5 18 11 4 11 1 2 25 8 122 58
Osteopenia 18 45 89 52 14 38 19 35 140 46 54 26
Osteoporosis
(T<-2.5)2 20 50 64 37 19 51 35 64 138 46 33 16
(T<-2.0)® 26 65 90 583 20 54 37 67 173 57 38 18
Total group 40 100 171 100 37 100 55 100 303 100 209 100
2 WHO Technical Report, 1994
b Suggestion from The Medical Products Agency of Sweden
Table 3. Hip- and vertebral fracture groups compared to the age-matched references
Hip Vertebral
Variabel Fracture  Reference P-value Fracture Reference P-value
n 40 161 - 55 173 -
Age 69 69 1 69 69 0.8
Height 163 161 <0.05 161 161 1
Weight 65.8 69.1 0.1 68.0 69.3 0.5
BMI 24.8 25.8 0.2 26.2 26.3 0.9
HAL 11.7 11.4 <0.05 11.3 11.4 0.7
Z-Lumb. Spine -0.22 0.70 <0.01 —0.55 0.54 <0.01
Z-Hip Total —-0.69 0.32 <0.01 —0.67 0.33 <0.01
Z-Arm (1/3) —-0.05 0.26 0.2 —0.45 0.26 <0.01
Current smokers % 15.0 13.0 0.8 14.5 14.3 1
Number of previous fractures 2 0 52 100 P 40 100 ®
1 20 0 36 0
2 18 0 13 0
=3 10 0 11 0

2 Percent in respective group with specified number of previous fractures
b |n the reference group by definition there were no previous fracture
Patients having one or more vertebral fractures are only counted as having one previous fracture.

reotoxicosis (n = 14) was the most common condi-
tion associated with significantly lower values of
BMD (T-score < 2.0) compared to the other frac-
ture cases or the reference group.

When we used diagnostic BMD cut-off princi-
ples according to the WHO criteria (T-score < -2.5
and T-score —1), there was a significantly different
proportion of osteoporotic or osteopenic subjects in
the fracture group and in the non-fracture reference
group (Table 2). According to these criteria 46% of
the fracture patients had osteoporosis, while only
16% were osteoporotic in the non-fracture refer-
ence group. The lowest BMD was seen in the ver-
tebral fracture group, where 64% had osteoporosis
and 35% had osteopenia.

Use of a higher cut-off level (T-score < -2.0)
increased the apparent prevalence of osteoporosis,
particularly in the groups with forearm fracture
and hip fracture (Table 2). Thus, the Z-score for
total hip differed by 1.07 standard deviations (0.38
vs. —0.69) between groups (p < 0.001) (Table 3).
Z-score for the lumbar spine was —0.22 and 0.70
respectively, but the mean Z-score for forearm was
not significantly different between groups.

In the vertebral fracture group, Z-score for
lumbar spine, total hip, and forearm differed from
the reference group by 1.09, 1.00, and 0.71 stan-
dard deviations, respectively (p < 0.01, Table 3).

In the forearm fracture group, the corresponding
differences between the Z-scores for fracture and
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Table 4. Forearm- and humerus fracture groups compared to the age-matched references
Forearm Humerus
Variabel Fracture Reference P-value Fracture  Reference P-value
n 171 209 - 37 209 -
Age 67 66 0.6 67 67 0.9
Height 162 161 <0.01 162 161 0.4
Weight 69 69 0.6 70 69 0.6
BMI 26 26 0.5 27 26 0.4
HAL 11.5 114 <0.05 11.4 11.4 0.8
Z-lumb spine -0.12 0.32 <0.01 —-0.36 0.39 <0.01
Z-hip total -0.10 0.28 <0.01 -0.19 0.29 <0.01
Z-arm (1/3) 0.02 0.21 0.1 —-0.06 0.23 0.2
Current smokers % 13.0 13.0 1 8.1 11.0 0.6
Number of previous rractures 2 0 54 100 P 54 100 P
1 31 0 27 0
2 10 0 16 0
=3 5 0 3 0

2 Percent in respective group with specified number of previous fractures
b |n the reference group by definition there were no previous fracture
Patients having one or more vertebral fractures are only counted as having one previous fracture.

reference groups were smaller (0.44, 0.38, and 0.19),
but yet significant in the spine and hip (Table 4).

The outcome of the comparative analysis
between fracture and control groups (Table 5)
yielded high odds ratios for prevalence of osteopo-
rosis. Although the confidence intervals were wide
due to the small size of the study groups, OR was
separated from —1.0 in all subgroups. The odds of
having either osteopenia or osteoporosis were > 20
for patients with hip fracture and 75 for patients
with fractures in the spine (mean values), whereas
the OR for the forearm fracture group was slightly
above 10 (Table 5). As expected, the OR depended
on the cut-off limits used. For T-score —2.5 and
—2.0 the OR for the hip fracture group was 8.2
and 9.5 respectively at the lower end of the 95%
confidence interval. For the spine and the forearm,
the corresponding odds ratios were 16—17 and 7-9
(Clyy,).

There was a strong association between number
of previous fractures and bone mineral density.
Patients with 3 or more previous fractures had the
lowest Z-score for the hip and forearm (Figure
2). Mean BMD of the lumbar spine (Z-score)
decreased for the first two fractures but was higher
in the group who had sustained 3 or more fractures
(n=57).

Hip axis length (HAL) was greater in the hip
fracture patients and forearm fracture patients than

in age-matched controls (Tables 3 and 4). The hip
fracture patients were slightly, but also signifi-
cantly, taller than their reference counterparts: 163
cm as opposed to 161 cm (p < 0.01). A similar dif-
ference was also seen between the forearm fracture
patients and the reference group (p = 0.05).

There was no significant difference in BMI
between the fracture and reference groups—
whether considering the total group or specific
fracture subgroups. Within each fracture subgroup,
however, there was a significant positive correla-
tion between BMI and BMD.

A comparison of BMD was done in subgroups
with the following additional risk factors: multiple
fractures, low BMI (defined as a BMI of < 22), and
current smoking (Figure 3). The lowest BMD was
seen in the subgroup with low BMI, and particu-
larly if the individuals were smokers. Stratification
in further subgroups was not meaningful due to
small cell numbers.

Discussion

Our findings indicate that osteoporosis was a
neglected health problem at the time of recruitment
of our patient group (1998-1999). Half of the total
fracture group had osteoporosis (T < —-2.5) while
only 16% of the women in the age-matched non-
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Table 5. Odd ratio of osteopenia and osteoporosis in different fracture groups (95% confidence limits for OR)

Diagnosis/ Hip Forearm Humerus Vertebral

Fracture type n % OR n % OR n

All fractures No fracture
% OR n % OR n % OR n %

Normal

(T >-1) 2 5 18 11 4
Osteopenia

(T<-1t0o-2.5) 18 45 20 89 58 11 14

Upper 95% CL 91 20

Lower 95% CL 4.6 6.1
Osteoporosis | 2

(T <—2.0) 26 65 42 90 53 16 20

Upper 95% CL 184 30

Lower 95% CL 9.5 8.6
Osteoporosis I P

(T<—2.5) 20 50 37 64 37 13 19

Upper 95% CL 166 25

Lower 95% CL 8.2 6.9

Osteopenia +
Osteoporosis® 38 95 27 153 89 12 33

Upper 95% CL 113 21
Lower 95% CL 6.3 6.8
Total 40 171 37

11 1 2 25 8 122 58
38 79 19 35 43 140 46 13 54 26
25 329 22
2.5 5.6 7.4
54 16 37 67 119 173 57 22 38 18
50 895 39
5.2 16 13
51 18 35 64 129 138 46 20 33 16
55 980 36
5.6 17 12
89 12 54 98 76 278 92 16 87 42
34 558 26
4.0 10 OIS
55 303 209

2 According to suggestion for fractured subjects from The Medical Products Agency of Sweden
b According to WHO Guidelines (WHO Technical report, 1994)
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Figure 2. Number of previous fractures in relation to Z-
score of BMD at various sites. Error bars depict Cl .

fracture group (i.e. without a low-energy fracture)
had osteoporosis at this age.

Despite the prevalence of fracture(s), few had
been referred for BMD measurement and only
57 (14%) of 400 subjects with fracture who had
responded to the invitation had in fact been treated

Group T-score of BMD in total hip

Reference group (201) [ : 9

All fracture cases (303)

+ >1 prev. fracture (145) [
+ BMI<22 (43) ° } °
+ BMI<22 and

current smokers (11)

T T T T T 1
-40 -35 -3.0 -25 -20 -15 -1.0 -05 0.0

Figure 3. Bone mineral density (T-score, total hip) in refer-
ence and fracture groups, and in subgroups with risk fac-
tors. Mean and SD.

for osteoporosis. This finding is in accordance with
other reports (Freedman et al. 2000, Andrade et al.
2003, Feldstein et al. 2003).

The age range of the present study material was
limited to 55-75 years to reduce confounding from
co-morbidity, which is often a problem in patients
who are even older. The average ages in the four
fracture type subgroups were almost identical,
allowing valid comparisons. Our series was fairly
small, but it was examined in depth in a standard-
ized manner.

One limitation of the study was that the dropout
rate was 33%. A random sample (n = 36) of the
passive dropout group at baseline examination was
traced two years after the fracture, and four of the
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patients were found to have died. The passive drop-
out group also had more severe fractures, greater
co-morbidity, but were in similar age (Hallberg et
al. 2004). Another limitation was that radiographic
examination of the spine was not performed in
patients other than those with vertebral fracture as
index fracture.

We used machine-specific reference values to
allow comparison between studies. BMD for Swed-
ish women was compared to different machine-
specific reference values published in two previ-
ous studies (Lofman et al. 1997, 2000). In general,
the BMD values for Swedish women were found
to be somewhat lower in both hip and spine, with
premenopausal spine BMD being an exception (in
that the Swedish values and reference values cor-
responded well) (Lofman et al. 1997).

Is the number of previous fractures a good
marker for risk of osteoporosis and fracture?

An important finding in our material was that
there was a strong inverse correlation between the
number of previous fractures and BMD in the fore-
arm and the hip. Women with a recent hip fracture
also had sustained a greater number of previous
fractures than women with a recent forearm frac-
ture. On the other hand, there was a less clear cor-
relation between vertebral BMD and the number
of previous fractures, which may be ascribed to
vertebral compressions and degenerative diseases
of the spine (Rand et al. 1997, Kanis and Gluer
2000, Muraki et al. 2004). Although Torgerson et
al. (1996) reported a 6-times increased risk of frac-
ture in perimenopausal women with two or more
previous fractures, and Ross et al. (1993) reported
that the presence of one or two fractures increased
the risk of new vertebral fractures by a factor of
7, the predictive value of multiple fractures has
seldom been studied or considered in other reports.
We consider that since information on the number
of previous fractures is usually easily accessible, it
may be of value in the clinical routine when select-
ing patients for investigation of bone mineral den-
sity.

Previous fracture can be used as a predictor
of future fractures

Despite the relatively low age range (55-75 years),
many of our study patients with different types of

fracture had already sustained previous fractures.
The rate for patients with fracture of the forearm
or humerus was 46%, and for hip and vertebral
fracture patients it was 48% and 60%, respectively.
Several studies have shown that one low-energy
fracture is associated with an increased risk of
future fractures. Pooled estimates suggest a dou-
bled overall risk of future fracture for a patient who
has already sustained a fracture compared to non-
fracture subjects (Klotzbuecher et al. 2000, Kanis
et al. 2004).

Huopio et al. (2000) found that women with a pre-
vious fracture had an increased relative risk of 70%
(RR 1.7;95% CI1 1.3-2.2) of a future fracture, com-
pared to age-matched women without a fracture.
However, different fractures seem to have different
predictive value. After a forearm fracture, the risk
of future hip fractures was found to be increased by
only 40% according to Cuddihy et al. (1999), while
a vertebral fracture in a postmenopausal woman
has been reported to predict a 4-times higher risk of
new vertebral fractures and a 2-fold higher risk of
hip fracture than in women with no previous frac-
ture (Klotzbuecher et al. 2000).

Fracture predicts osteoporosis and osteopo-
rosis predicts fracture

As could be expected, patients with an incident
fracture had lower BMD on average than controls
without fracture, but usefulness in predicting low
BMD appears to vary between different fracture
types. In our study fracture of the spine, hip and
humerus were stronger predictors of osteoporosis
than fracture of the forearm, although the latter
was also associated with reduced BMD compared
to controls.

Studies on the relationship between BMD at one
site and the risk of fracture at the same or another
site provide information on site-specific fracture
estimates (De Laet et al. 1998, Masud et al. 2001).

A meta-analysis of prospective studies showed
that at the age of 65 years, risk ratio for subsequent
fractures increased by 3 in both men and women
for each decrease of 1 SD in BMD, exponentially
(Johnell et al. 2005). These authors and others also
reported that fracture history and BMD were to a
great extent independent predictors of future frac-
tures. The usefulness of low BMD in predicting
fracture declined with age (Tromp et al. 2000, The
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European Prospective Osteoporosis Study (Epos)
Group (Anonymous 2002), Johnell et al. 2005).

Ross et al. (1991) investigated the independent
contributions of bone mass and existing vertebral
fractures as predictors of the risk of new vertebral
fractures, and reported that a single fracture at the
baseline examination increased the risk of new ver-
tebral fractures by 5-fold. In their study, the pres-
ence of two or more vertebral fractures increased
the risk by 12-fold. A combination of low bone
mass (below the thirty-third percentile) and the
presence of two or more current fractures increased
the risk by 75-fold relative to women with the high-
est bone mass (above the sixty-seventh percentile)
and no current fractures. A history of low-energy
fractures in addition to BMD measurement there-
fore adds significant information for the prediction
of future fracture risk and for grading of the prior-
ity regarding treatment.

Fracture prediction: relative and combined
contributions from muiltiple factors

Body weight and body mass index and a “small-
frame body constitution” are also valuable predic-
tors of osteoporosis that may be used in the selec-
tion of patients for osteoporosis investigation and
treatment. In our study, normal or high BMD was
mainly seen in overweight or obese women. The
group with BMI > 29 had a significantly higher
Z-score for BMD than the group with BMI < 22
in the lumbar spine, in accordance with previous
studies (Michaelsson et al. 1996). The lack of a dif-
ference in BMI between the fracture and control
groups could be a result of shrinking body height
with age. Tobacco smoking and heredity are other
factors that have been reported to have predictive
value for osteoporosis and fracture.

Although our series was small, adding multiple
risk factors suggests increased power for osteo-
porosis prediction (Figure 3). Research aimed at
establishing composite algorithms that include sev-
eral risk determinants for the prediction of future
fractures is under way (Cummings et al. 1995, De
Laet et al. 1998, Kanis et al. 2005, Sornay-Rendu
et al. 2005) but as far as we know, the contribution
of multiple fractures as opposed to single fractures
has not been considered to date.

In summary, osteoporosis is still a neglected
health problem. Patients with hip and vertebral

fractures—at least those in the 55-75 age range—
should be investigated for osteoporosis with higher
priority than patients with fractures at other skel-
etal sites. Patients with multiple previous fractures
also constitute an important risk group that should
be given more attention than has been the case
hitherto. This is a risk factor that is easy to assess
in the clinical interview, and a strong marker of
0Steoporosis.
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